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Foreword

Humans have been fascinated by oceans since the dawn of time. Living by
the sea, they had little idea of the extent and depth of the vast expanses of
water that lay before them. But they were keen to learn, soon discovering
that fish, shellfish, and other coastal resources provided a plentiful supply
of food and other valuable materials. Indeed, tools used by coastal dwell-
ers have been found off the shores of Crete dating back 130,000 years. As
the generations passed, so too did information about what each generation
had learned. The thirst for greater understanding remained unquenched.
By 4000 BC, the Egyptians had built boats capable of voyages of discovery
across open seas, to be followed in subsequent centuries by the great ocean
explorers and eventually international traders. Today, the extensive use of
the oceans represents one of the key foundations of the global economy.

For those living inland, however, information about the oceans has often
arrived second hand. Stories abounded about distant, exotic lands; terrible
storms and tidal waves; and strange sea creatures encountered on various
journeys. The challenge for the landlubbers must have been to distinguish
between truth and myth. Imagine, for example, hearing about an eight-
armed octopus for the first time, or sailors’ tales of the leviathan, or of reach-
ing the ends of the oceans on what was thought to be a flat Earth! Separating
fact from fiction is still one of the greatest challenges for those dealing with
information.

For most of human history, there have been less than half a billion people
on Earth. But with the scientific and industrial revolutions, an unprece-
dented increase in the size of the population began, rising from ca. 1 billion
in 1800 to around ca. 74 billion today. This rapid change demanded a con-
comitant increase in global trading, using the oceans to support the shipping
of goods to meet needs. Furthermore, fishing pressures increased manyfold
as the oceans became a major source of food. This intense increase in activity
involving enormous numbers of humans has generated a plethora of unex-
pected consequences. Who could have imagined that so many fish and shell-
fish would be taken from the oceans that many fisheries would collapse?
Or that the volume of our waste dumped in the sea would damage marine
ecosystems and pose a threat to our health? Or that human diseases such
as cholera would flourish as a result of exposure to a pathogen harbored in
coastal waters?

Information about all aspects of the oceans has now been gathered in
diverse forms by different actors over many centuries. Scientists in particu-
lar have made great progress in understanding how ocean ecosystems work.
What we have learned is that careful management is the only way to sustain
our oceans so that we can reap their myriad benefits for generations to come.

ix



X Foreword

Tackling the challenges that we face requires in-depth knowledge and
understanding. Understanding is based on accurate information that is sci-
entifically robust, reproducible, and which covers all aspects and types of
ocean environments. This information must be conveyed in a readily under-
standable form to those politicians and other decision makers who can take
action through policy formulation and implementation.

It is this information challenge that the editors and authors of this book
have addressed. It has been expertly drawn together to provide a lucid and
illuminating account of the science—policy or science-information—policy
interface relating to the oceans. The chapter authors have provided valuable,
insightful analysis of the issues arising from and the barriers to more effec-
tive ocean management and sustainable resource use. They have considered
how scientific advice is communicated and used, for example, in integrated
coastal and ocean management. Also, they have delved into how various
stakeholders can positively affect decision-making by using strategies for
improved acquisition of information. The role of networks in information
exchange is addressed and recommendations are offered to improve con-
nectivity. How user engagement can ensure that scientific research is made
more useful in the provision of relevant information is described, as well
as the need for transparency regarding how information is gathered and
used in public policy-making. Finally, those experienced in working at the
science—policy interface are identified as an important resource that could
be used much more effectively in future evidence-based and evidence-
informed policy-making.

This volume will be of great use to the growing numbers of ocean practi-
tioners from all sectors, dedicated to improving the health and sustainability
of our oceans for generations to come.

Professor Michael H. Depledge, PhD, DSc, FRSA, FRSB, FRCP
Chair of Environment and Human Health,

University of Exeter Medical School, Exeter, Devon, UK

(Formerly chief scientist, Environment Agency UK, and member of the
Royal Commission on Environmental Pollution)



Preface

Despite the increase in scientific information and knowledge on a vast range
of ocean topics and advances in the concept and practice of integrated coastal
and ocean management (ICOM), solutions to many serious global coastal
and ocean issues, for example, climate change, sustainability of fisheries, bio-
diversity and habitat loss, increased pollution, invasive species, and uncon-
trolled coastal development are not rapidly forthcoming. While this wave of
new information—much of which is published as primary and gray litera-
ture—is available for evidence-based and evidence-informed policy-making,
its use and influence are seldom explicitly recognized in ocean management
arenas.

In this book, we examine the role of information in policy-making and
decision-making for ICOM. Contributors have drawn on their expertise and
experience in environmental and fisheries science, marine policy, public pol-
icy and administration, scientific advocacy, and information management.
This range of disciplines exemplifies the dimensions of information and the
science—policy interface in the policy-making process in ICOM.

Section I of the book provides the context for studying the role of scientific
information in policy-making and presents a comprehensive overview of
the characteristics of the science—policy interface. Section II describes funda-
mental concepts and principles germane to understanding the role of infor-
mation in effective integrated coastal and ocean management. In Section III,
national and international case studies reveal some of the factors that enable
or inhibit awareness and use of information in policy-making contexts and
the communication of information at the science—policy interface. Section IV
presents highlights of the subject and future research challenges.

This book will be useful to all major groups in the policy-making pro-
cess, including senior policy makers and decision makers, policy advisors,
resource managers, information managers, scientists, and other practitioners
in coastal and ocean management. We dedicate the book to the new genera-
tion of professionals involved in the challenging task of managing our ocean
spaces and species now and for future generations.

Bertrum H. MacDonald, Suzuette S. Soomai,
Elizabeth M. De Santo, and Peter G. Wells
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1.1 The Coastal and Ocean Management Challenge

Integrated coastal and ocean management (ICOM) “is a dynamic, mul-
tidisciplinary, iterative and participatory process to promote sustainable
management of coastal and ocean areas balancing environmental, economic,
social, cultural and recreational objectives over the long term” (UNESCO 2006,
p- 6). ICOM is a concept and process that has evolved in overlapping stages
over the past few decades, encompassing shoreline management, defining the
coastal zone, and integrating coastal/shoreline management with the marine
environment. Coastal management began on the terrestrial side of the coastal
zone, focusing on particular challenges posed by this dynamic environment,
such as shoreline erosion, wetland protection, coastal development, and pub-
lic access (Clark 1995; Cicin-Sain and Knecht 1998; Sorensen 1997, among oth-
ers). For example, the U.S. approach to coastal zone management was first
formalized with the Coastal Zone Management Act of 1972, which focused
more on the management of land use at the shore than on coastal water-
related issues. In the decades since, efforts to protect and manage the coastal
zone in the United States and beyond (e.g.,, Canada and the United Kingdom)
have expanded to include integrated coastal management (ICM), coastal
zone management (CZM), integrated coastal zone management (ICZM), and
perhaps the broadest approach, ICOM. Canada incorporated ICOM into its
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Oceans Act (1996, section 30(b)), recognizing the need for “integrated man-
agement of activities in estuaries, coastal waters and marine waters” and
adopting the term integrated management. Hence, the terms are often used
interchangeably in legislation and in the literature, reflecting a broadening
geography of what is included in the coastal zone, from land use to coastal to
ocean waters.

Beyond biophysical components, ICOM also takes into account the socio-
economic and political aspects of managing the range of competing uses and
jurisdictions found in the coastal zone. In their seminal text on ICOM, Cicin-
Sain and Knecht (1998, p. 461) define ICM as “a continuous and dynamic
process by which decisions are made for the sustainable, use, development,
and protection of coastal and marine areas and resources” aimed at over-
coming the jurisdictional and management fragmentation inherent in the
coastal zone. The integration aspect of ICOM aims to bring together several
dimensions, ranging from different economic sectors, levels of government,
and the terrestrial/sea divide, to integrating science with management, and
bringing different countries together in cooperative programs (Cicin-Sain
and Knecht 1998).

The ICOM dimension that focuses on integrating science with manage-
ment is the starting point for this volume. Twenty years after the publication
of Cicin-Sain and Knecht’s (1998) seminal text on ICOM, the world continues
to struggle with implementing this management approach and ocean health
continues to deteriorate (IPSO 2013; UNEP 2006; Hoegh-Guldberg et al. 2015;
among others). Cicin-Sain and Knecht (1998, p. 171) argue that “the most fun-
damental tenet underlying the ICOM concept is that ICOM decision-making
is based on the use of the best information and the best science available,”
integrating the natural, social, and economic sciences. Coastal systems can
be viewed as shared systems (Parkes and Manning 1998), requiring mul-
tiple disciplines and practitioners in coastal management to work together
for their effective management. Also paramount are the roles of stakeholder
engagement and the generation, use, and influence of relevant information
for decision-making. Our book reemphasizes the role of information in
ICOM and augments the efforts of Cicin-Sain and Knecht (1998), GESAMP
(1996), and many others in their efforts to strengthen coastal science and
management around the world.

1.1.1 Production, Communication, and Use of Scientific Information
in Policy-Making

Since the 1972 Stockholm Conference on the Human Environment, the
United Nations (UN) system has been the focal point for addressing global
environmental issues at the international level (Chasek et al. 2013). Within
the UN system, considerable quantities of gray literature on the marine envi-
ronment are produced by intergovernmental organizations, for example, the
United Nations Environmental Programme (UNEP) and its many advisory
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bodies, including the Joint Group of Experts on the Scientific Aspects of
Marine Environmental Protection (GESAMP) and the Scientific Committee
on Problems of the Environment (SCOPE). National governmental and non-
governmental organizations have also produced thousands of scientific pub-
lications on marine environments aimed at guiding public policy on aspects
of sustainable development. Given the increase in scientific information
addressing a vast range of marine environmental topics, for example, climate
change, biodiversity and habitat loss, increased pollution, invasive species,
and uncontrolled coastal development (e.g.,, DFO 2010; Halpern et al. 2008;
GESAMP 2001; IPCC 2013, 2014a, 2014b; MEA 2005; Rogers and Laffoley 2011),
it follows that, in theory, solutions to these serious global coastal and ocean
issues should also be increasing—but they are not, and coastal and ocean
problems continue to exist.

New information continues to be developed from wide-ranging scientific
research and synthesis by governmental, intergovernmental, and nongov-
ernmental organizations, universities, industry, and other independent bod-
ies, for example, consultancies and think tanks. Much of this information is
referred to as gray literature, meaning that it is not controlled by commercial
publishers (GreyNet 2015). Although this gray literature is generally created
through rigorous peer review, its credibility is often questioned, especially
when compared to the primary literature, that is, literature produced by
commercial publishers. Nonetheless, numerous studies have pointed to the
increasing generation of information by government departments, inter-
national intergovernmental bodies, and nongovernmental organizations,
resulting in greater reliance on the publishing practice of gray literature
for disseminating information to inform policy decisions (e.g., Luzi 2000;
Schopfel and Farace 2010; Thelwall et al. 2010; Webster and Collins 2005). In
most policy settings, gray literature may also be of great importance because
of its rapid production—compared with much of the primary literature—
which can facilitate knowledge diffusion where decisions are based on com-
plex competing factors and pressures in political processes (Bremer and
Glavovic 2013; Shanley and Lopez 2009; Pielke 2007). An example of the
importance of gray literature produced by governmental organizations is
also seen in the public attention to climate change reports, for example, the
Stern Review on the economics of climate change released for the British
government (Stern 2006) and technical assessment reports produced by the
Intergovernmental Panel on Climate Change (IPCC) (IPCC 2014a,b).

Scientific information is available in different formats, for example, print
and digital, and is communicated to decision-making audiences and the pub-
lic though formal and informal information dissemination strategies, such
as libraries, websites, meetings, and personal communication. Over the past
20 years, communication patterns have rapidly changed due to the promi-
nence of ever advancing information technologies, including the Internet
and social media (Cossins 2014). Formal and informal networks are also
becoming increasingly important in communicating information. Groups
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outside government, for example, nongovernmental organizations such as
the World Wildlife Fund (or World Wide Fund for Nature [WWF]) and the
International Union for Conservation of Nature (IUCN), among others, have
become more active in disseminating scientific information to policy com-
munities at various levels of government.

Senior decision makers in government are increasingly expected to rely
on evidence-based approaches to policy-making and to program imple-
mentation based on the best available evidence from research (Gluckman
2014; Nutley et al. 2007). Decision makers, or their advisors, are expected
to choose from among the wide range of available information, often with
competing views advocated by diverse stakeholders. Decision-making is
further challenged by the current financial austerity measures that limit
the time and resources available to make decisions. These challenges
heighten the importance and relevance of rapid access to directly per-
tinent information, much of it in the gray literature of government and
interest groups.

Evidence-based policy-making is also being applied within the context of
ICOM and resource management, a modern approach to ensuring sustain-
able development of marine areas (Bremer and Glavovic 2013; Coffey and
O’Toole 2012; Hiscock et al. 2003; Holmes and Lock 2010; Levin et al. 2009).
The ICOM approach.

implies a conscious management process that acknowledges interrela-
tionships among coastal and ocean uses and the environments ... the
process is designed to overcome the fragmentation inherent in single-
sector management approaches, e.g., fishing operations, oil and gas
development, etc. (Cicin-Sain and Knecht 1998, p. 1)

It follows that the information needs in ICOM are quite complex, depending
on the issue to be addressed As a result, ICOM requires input from a range of
sectors including natural and social sciences, as well as local and traditional
knowledge. Appropriate governance mechanisms are also needed to achieve
an integrated information flow for decision-making relating to coastal and
ocean management, for example, including mechanisms to facilitate consul-
tation with a wide range of stakeholders to build consensus and implement
management measures, as well as communication or information pathways
between stakeholders, scientists, and decision makers.

Ready access to scientific information by users (policy makers, senior
decision makers, resource managers, and other practitioners) is often
assumed, given all the available websites and search engines, but key
information can also remain undetected. Although information is only
one part of policy formulation behavior, identifying solutions to marine
environmental issues depends as much on efficiently finding and under-
standing existing information and applying it in policy solutions as on
the creation of new relevant information. For example, although it is
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known that access to information occurs—politicians and their staff
use the Library of Parliament in Ottawa and the Library of Congress in
Washington DC—exactly how policy makers access and use this large
body of information, or not, is still poorly understood (Ascher et al. 2010;
Briggs and Knight 2011; Holmes and Lock 2010; Likens 2010; McNie 2007;
Mitchell 2010; Mitchell et al. 2006; Stojanovic et al. 2009). Furthermore, few
organizations have undertaken an analysis of the use of their information
products (publications), and information pathways in decision-making
contexts are still being elucidated (Economic Commission for Europe 2003;
MacDonald et al. 2004; Soomai 2013; Soomai et al. 2011a, 2011b, 2013; Wells
2003; Wells et al. 2002).

Use of research is not unidimensional. Use can mean reading the findings
from research as general background briefing, examining research in mak-
ing a decision even if the research findings are rejected, or having a direct
impact on policy choices (Weiss 1979). The literature describes a spectrum of
types of use ranging from conceptual (simple awareness) to instrumental,
for example, application in a decision or policy, and behavior (Weiss 1979;
Nutley et al. 2007). In fact, the stages of information production and use in
policy-making exist as an iterative process or a type of continuum (Nutley
et al. 2007). Similarly, the generation, transmission, and use of environmen-
tal information is highly complex; its use depends on many factors, such
as access, availability, and transparency, among others (Ascher et al. 2010).
These important points should be kept in mind as we attempt to unravel the
challenge of the science-policy interface in ICOM.

1.1.2 The Role of Information at the Science-Policy Interface

The pivotal role of scientific information in the search for solutions to envi-
ronmental problems is clearly demonstrated.

[I]t is the production, the processing, the use and the flow of, as well
as the access to and the control over, information that is increasingly
becoming vital in environmental governance practices and institutions.
... Information and knowledge are ... key resources in environmental
politics ... and the motivations and sources for changing unsustainable
behaviour are increasingly informational. (Mol 2008, p. 277)

Yet, as the previous quotation points out, in spite of increasing knowl-
edge about stresses on the world’s oceans (published as both primary and
gray literature) and evidence-based policy-making, many problems per-
sist. This suggests a gap or disconnect between the information produced
and the information used in decision-making, which often limits its role
in policy formulation and environmental management (Koetz et al. 2012;
Nursey-Bray et al. 2014; Spruijt et al. 2014; Stoutenborough and Vedlitz
2014; Wells 2003).



8 Effective Coastal and Ocean Management

The apparent disconnect at the science—policy interface between the
information and knowledge produced by scientists and that used by policy
makers has been given considerable attention over the years (e.g., Moksness
et al. 2013; NRC 2002, 2012). Scholars have ascribed this to “inherent differ-
ences between the fundamental structures and traditions of science and
policy” (Francis et al. 2005, p. 35) contributing to a far from optimal “flow
of knowledge between researchers, policy makers, and resource managers”
(Roux et al. 2006, p. 5). Numerous studies have highlighted that most mod-
els of communication also ignore the use of scientific information in pub-
lic policy-making, where information use is different from its use in pure
research contexts (e.g., Doern 2001; Duff 1997; Dunn 2005; Sendergaard et al.
2003; Van de Veer Martens and Goodrum 2005).

The science—policy interface operates on several scales: geographic, insti-
tutional, political, and temporal (Cash and Moser 2000; Bremer and Glavovic
2013; Young 2014). The interface is also more inclusive than the label implies,
asitinvolves social processes and encompasses different types of knowledge.
In fact, multiple interfaces exist due to many decision-making contexts, each
comprising complex informational connections and networks, for example,
scientific and local traditional knowledge that are influenced by societal fac-
tors, some of which are unique to individual policies, decision makers, and
the environmental issues. The information universe is multidimensional, and
information flow may not be linear or unidirectional, which also accounts
for the complexity of activity at the science—policy interface.

Developing a clearer understanding of the processes at the science—policy
interface is critical for all of the actors involved in identifying, managing,
and solving the many complex marine environmental problems, from pol-
lution to fisheries to the vulnerability of coastal cities. Chapter 2 describes
the science—policy interface in more detail, as do all the chapters from the
perspectives of the contributors to this volume.

1.2 Origins of the Book

Since 2007, the Environmental Information: Use and Influence (EIUI) research
program at Dalhousie University, Halifax, Canada, has been addressing
the role in policy-making of marine environmental and resource informa-
tion produced by governmental and nongovernmental organizations. The
EIUI team is interdisciplinary, capitalizing on its diverse expertise to build
a greater understanding of the production, use, and influence of marine
scientific information in public management settings. The guiding frame-
work of our research focuses on the interface between production of scien-
tific information, especially gray literature, and its use in policy-making and
decision-making contexts, that is, the science—policy interface. (Figure 1.1).
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Interface
Communication
Generation of Use by
information decision-
makers

(forms and sources)

Barriers Barriers

Requests/Needs

Contexts
(cultural, economic, institutional, political, etc.)

FIGURE 1.1
Key elements of information flow at the multidimensional science—policy interface(s).

Our research assumes a prominent role for such information in policy for-
mation and problem resolution, an assumption examined closely in many
case studies. Using this framework, we are developing techniques to mea-
sure information use and influence, to identify and mitigate communica-
tion barriers, and to understand the many processes at work at the interface
between information producers and users.

Our research to date has been conducted primarily through case studies of
governmental, intergovernmental, and nongovernmental organizations rep-
resenting national, regional, and global settings, which give extensive atten-
tion to coastal and ocean environmental matters, and are involved in public
policy development. In particular, we are examining the ways in which
information impacts the development of legislation and policy, and how it
affects environmental decision-making and management programs within
ICOM. Our research also addresses stakeholder perceptions of the policy
process and the role of information, acknowledging the wider influence of
socioeconomic and political contexts on all of these relationships.

We are involved in ongoing research partnerships with many govern-
mental organizations and other partners. Our findings have prompted
recommendations about the communication of scientific information
that are being considered by the case study organizations to increase the
use and influence of their information in policy-making and decision-
making important to the marine environment (Avdi¢ 2013; Cano Chacén
2013; Chamberlain 2015; Cordes 2004; Cossarini 2010; Cossarini et al. 2014;
Hutton 2009, 2010; MacDonald et al. 2004, 2007; MacDonald et al. 2010, 2013;
McLean 2014; Ross 2014; Soomai 2009, 2013, 2015; Soomai et al. 2011a, 2011b,
2013; Soomai et al. 2011; Wilson 2015). Integration of the findings from all
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of the data sets is informing the development of theoretical models of the
life cycles of marine environmental information and general measures
of the influence of marine environmental information within the ICOM
process.

In 2013, the EIUI program hosted a 2-day workshop, “Marine Information
Matters,” for discussion between EIUI researchers and its partners. The
meeting discussed current approaches to the research, methods to measure
use and influence of information in light of ongoing advances in information
technologies, and subject areas for future studies (EIUI 2013).

The workshop led to a special session, “Does Information Matter? A Critical
Question for the Future of Coastal Zone Management,” at the 2014 Coastal
Zone Canada Conference, in Halifax, Nova Scotia. This session brought
together scholars and practitioners to address questions such as: Where does
evidence come from? How does it make its way out of the laboratories and
offices of scientists and other researchers into the minds and documents of
policy makers and decision makers? Who is responsible for bridging the
communication gap between these different groups? What enables informa-
tion mobilization? What inhibits it? How can the science—policy communi-
cation gap be bridged effectively? Following the conference, the EIUI team
initiated this book, the contributing authors being panelists from the confer-
ence session and other invited experts.

1.3 Objectives of the Book

This book deals explicitly with the role of scientific information in the policy-
making process critical to ICOM. It assumes a belief in evidence-based policy-
making, recognizing that such an approach is not universally accepted. The
fundamental concepts and principles and the case studies explored in this
book aim to increase understanding of the multidimensional processes at
the science—policy interface by which scientific information is incorporated
into policy decisions. The case studies of coastal and ocean reports and orga-
nizations producing information examined in this book provide empirical
evidence of the benefits and challenges of communication of information,
and its use in policy contexts. The use of multiple methods in the case stud-
ies demonstrates the complexity of studying information flows at the many
manifestations/occurrences of the science—policy interface—for example,
within and among organizations—and elucidates enablers and barriers to
that activity.

The contributors are experts in various disciplines: information manage-
ment, marine environmental science, resource management, health sciences,
environmental governance, risk management, public policy, and coastal
and ocean management. All of these disciplines and others play a role in
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ICOM, and all are information based. They include leading researchers in
the emerging research area on information/knowledge utilization and the
science—policy interface. These experts are among the senior professionals
from governmental, intergovernmental, and nongovernmental organiza-
tions with coastal and ocean management mandates. Similarly, the reviewers
of the book chapters were selected from the leading researchers and experts
in the fields of information management, environmental governance, pub-
lic policy, and resource management, with national, regional, and global
experience.

Through this collective effort, we have begun to attain a comprehensive
understanding of how coastal and ocean scientific information is currently
used in related policy formulation and management decisions. Above all, the
content of this book contributes to increased awareness of the critical role of
scientific information in the policy-making process among policy makers,
senior decision makers, resource managers, scientists, students, and other
interested groups, especially those working on coastal and ocean issues.

1.4 Topics Covered in the Book

Chapter 2 provides an overview of the science—policy interface in ICOM,
drawing on relevant scholarship. The next section of the book (Section
II) addresses fundamental concepts and principles, focusing on the role
of information in the following contexts: the science-policy interface in
ICOM (Coffey and O’'Toole, Chapter 3); global fisheries governance (Rice,
Chapter 4); risk regulation and governance in coastal areas (Quigley and
Porter, Chapter 5); fisheries certification, global shipping, and tourism
(Toonen and Mol, Chapter 6); strategies for stakeholders seeking informa-
tion on ICOM (Ascher and Ascher, Chapter 7); network analysis and trust
in science (Hartley, Chapter 8); coastal and ocean decision-making in the
United States (McNie et al., Chapter 9); science in public policy (Gluckman
and Allen, Chapter 10); and an analysis of methods for analyzing informa-
tion awareness, use, and influence (Soomai et al., Chapter 11).

The third section of the book, Section III, analyzes the role of information
in the science—policy interface via the following case studies: Canada’s State
of the Scotian Shelf Report (Ross and Breeze, Chapter 12); global ocean ship-
ping (DeSombre, Chapter 13); processes of regulatory decision-making in the
health sciences (Graham and Jones, Chapter 14); the Atlantic Coastal Zone
Information Steering Committee and ICOM (Sherin and Baccardax Westcott,
Chapter 15); a Canadian federal government department, Environment
Canada (Wells, Chapter 16); the Food and Agriculture Organization of the
United Nations (Ababouch et al., Chapter 17), and the Ecology Action Centre,
an environmental nongovernmental organization (Fuller et al., Chapter 18).
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The final section of the book (Section IV, Chapter 19) synthesizes key points
from the preceding chapters, drawing lessons for the production, use, and
influence of information at the science—policy interface in ICOM. Additional
challenges and areas of further research are also set out.

1.5 Wider Contributions of the Book

This volume advances our knowledge of the role(s) of information in policy
decision-making on priority coastal and ocean environmental matters. This
new knowledge contributes to the disciplines of information management,
marine environmental studies, resource management, and public policy. In
addition to building theoretical understanding in this understudied area,
insights provided, particularly in the case studies, will inform information
diffusion and knowledge management practices for the development and
implementation of effective coastal and ocean policies. Specifically, this
book provides (1) solution-oriented benefits related to the marine environ-
ment, (2) an increased understanding of the science—policy interface, and
(3) an examination of current methods for studying information flows and
knowledge utilization in coastal and ocean management.

The book contributes to increased awareness of the critical role of informa-
tion in solving environmental problems. Many of the case studies examined
in this volume examine information management dimensions of environ-
mental issues within government departments. Lessons drawn from the
fundamental concepts and principles and the case studies described in the
book can enhance best practices for more effective communication and use
of marine environmental information, particularly at the science—policy
interface.

This volume explores the different occurrences and types of science—policy
interfaces existing within and between organizations. It also examines the
varying roles of different types of organizations—apart from government—
in information production and dissemination. For example, reports by
nongovernmental organizations and scientific academies and professional
associations are increasingly important. Understanding the difference
between use and influence of information and assessing impact or influence
is a major challenge. There is often no easy way of differentiating between
use and influence or to measure the impact of one individual or organization
against the influence of a similar organization.

Research aimed at understanding the role of information at the science-
policy interface needs an interdisciplinary approach encompassing the disci-
plines of information management, marine environmental studies, resource
management, public policy, and governance. Our research highlights the fact
that a range of methods is needed to study communication of information and
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use in policy-making. No single research method can provide a total picture of
information flows. The questions posed by our research about the communica-
tion process help to increase understanding of the enablers and barriers to com-
municating research findings, as well as set out directions for further research.
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2.1 Introduction

In February 2013, the Halifax Chronicle Herald reported that the Nova Scotia
minister of fisheries, Sterling Belliveau, had suggested to members of the
Canadian federal Senate Committee on Fisheries and Oceans that “Nova Scotia
tishermen should be allowed to fish several ‘undeveloped” species provided
scientific data shows that it’s feasible.” Belliveau went further to state, “Several
Nova Scotia fishermen have applied to the department ... to fish stone crab
and other undeveloped species and have been denied due to a lack of scientific
information or old data. ... Well let’s get some,” he emphasized (McLeod and
Medel 2013). Whether the minister received the evidence that he requested is
now a moot point (the government fell in an election eight months later), but
the call for additional scientific information highlights evidence-based policy-
making in action, a concept that has received attention from researchers and
practitioners for over two decades. This topic also figures in public discourse.
A year after The Chronicle Herald reported the minister of fisheries” statements,
an editorial on the storage of fracking waste water in that newspaper expressed
the view that “governments ... must base their decisions on the best objective
criteria available” (“Respecting the Evidence on Fracking Waste Water,” The
Chronicle Herald, January 31, 2014). Although these news media accounts may
suggest that evidence-based policy-making is common and straightforward in
application, in fact the practice is more complex and multidimensional than
might be expected, as many intersecting factors and actors play a part in the
picture, that is, for governments, using the best science in the public interest in
a sea of competing interests and political considerations.

As the growing body of literature on the science-policy interface (or,
more broadly, the research—policy interface) shows, a gap frequently
exists between scientific evidence and decisions that could be informed
by and benefit from that evidence. The presence of the gap, which has
been noted by scientists, policy makers, journalists, and other stakehold-
ers alike, has prompted numerous calls to address the problem. In 2010,
for example, the journal Nature declared that “scientists ... can and must
continue to inform policy makers about the underlying science and the
potential consequences of policy decisions” (Nature 2010, p. 141). Nature's
editors have been by no means alone in underscoring the importance of
communication between scientists and policy makers so that credible,
timely scientific information is considered in decisions about global issues
(see, e.g., Bremer and Glavovic 2013; Eden 2011; Elfner et al. 2011; Schenkel
2010). The American Association for the Advancement of Science (AAAS)
has also been particularly active for many years on this issue of commu-
nication through its policy forum column in the journal Science. Although
scientific facts and understanding related to an issue/problem are only one
dimension of decision-making and policy-making, the importance of the
facts should not be underestimated.
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The deteriorating health of the world’s oceans also led Dr. Jane Lubchenco
(a distinguished marine ecologist, former AAAS president and former
undersecretary of commerce for Oceans and Atmosphere and administrator
of the National Oceanic and Atmospheric Administration) and Nancy Sutley
(former chair of the White House Council on Environmental Quality and
the Interagency Ocean Policy Task Force) to state that “the need for science-
based solutions and forward-thinking, holistic approaches to management
has never been greater” (Lubchenco and Sutley 2010, p. 1485). These views
were repeated by Lubchenco at a high-profile ocean health seminar at the
AAAS conference in Boston in 2013 (AAAS 2013).

At the 2010 Coastal Zone Canada Conference held in Charlottetown, Prince
Edward Island, participants in a panel on Information Management for
Integrated Coastal and Ocean Management (ICOM) debated why the use of
information and its management seemed to be an invisible part of the ICOM
process. Every issue in coastal and ocean management and every stage of
ICOM involve the creation, distribution, awareness, and use of information,
although clearly to varying degrees. The speakers wondered what accounts
for blind spots regarding the role(s) and values of information in ocean and
coastal management contexts. Can the challenges be attributed to the ubiquity
of information? Is information so common that everyone takes it for granted?
Indeed, is the very question of information’s role naive and unnecessary? We
are immersed in information from birth and perhaps assume that everyone
knows how information “functions” for individuals, groups, and society; as
a consequence, we do not recognize or appreciate the complexity of informa-
tion behavior and systems that operate all around us and their significance in
decision-making and management activities. Information is simply taken for
granted, much like air in our daily lives. As well, other challenges abound,
including issues of communication, hidden information (deliberately or
not), the overwhelming volume of information, limited awareness or under-
standing of coastal and ocean management issues, the complex relationships
between sectors and disciplines, trust or lack of trust among practitioners in
various fields, and political considerations. In short, the role of information
in integrated ocean and coastal management seems to be the “elephant in the
room”—a factor of unrecognized importance and hence, understudied.

The number of research studies and the resulting literature on marine sub-
jects are growing substantially, yet the health of the oceans is deteriorating
rapidly (UNEP 2006; WWE 2015). This observation initiated the research pro-
gram of the interdisciplinary Environmental Information: Use and Influence
group at Dalhousie University more than 10 years ago (Wells 2003; Cordes
2004; MacDonald et al. 2004). Researchers have estimated that global scien-
tific output doubles about every nine years (Bornmann and Mutz 2014; Van
Noorden 2014), and other recent research emphasizes that the acceleration of
scientific publishing is resulting in a new paper being published “roughly
every 20 seconds” (Munroe 2013). Two other scholars have estimated that at
least 114 million English-language scholarly documents are available on the
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web (Khabsa and Giles 2014). The production and availability of information
are not uniform throughout the world, however, as some regions face greater
challenges than others as a result of limited capacity in financial resources
and available information technology (Holmgren and Schnitzer 2004).

Great effort and resources have been poured into producing research publi-
cations, including many major scientific reports on the state of the marine envi-
ronments, but as Wells (2003) asked, are the reports being noticed and read,
and are they influencing decisions where it matters most, that is, in protecting
the oceans? At a superficial level, one might conclude that the research has
limited or no effect, because marine environments are continuing to degrade.
Such a conclusion is, of course, far too simplistic. More information is available,
but this coincides with more people living along the world’s coastlines, con-
tributing to increased pressures on the system. As well, direct application of
research information in public policy or decisions may not occur, the pathway
of information to a policy or a decision is not always obvious, and often a signif-
icant time lag exists between the identification of a problem and its solution. In
addition, researchers and other stakeholders “often despair that clear findings
are sometimes not heeded when decisions are made about the direction and
delivery of public services. Indeed, policy decisions sometimes seem to fly in
the face of what is considered to be the best available evidence [or information]
about ‘what works™ (Nutley et al. 2007, p. 1) or what is needed, for example,
slowing climate change and limiting the discharge of pollutants.

This chapter introduces the topic of evidence-based policy-making, character-
istics of the science—policy interface, and methods for enhancing communi-
cation of information at the interface, in the context of ICOM. As the chapter
progresses, the role of information and the need to understand these con-
cepts, processes, and methods will emerge.

2.2 Information Use in Policy-Making for Integrated
Ocean and Coastal Management

2.2.1 Information Needs

The need for a solid scientific basis for decision-making in ICOM is evident
(Cicin-Sain and Knecht 1998), given the complexity of interactions between
the environment, resource users, economics, and social well-being of com-
munities. Specific information needs are related to particular coastal and
ocean management issues. While this book does not focus on data per se, for
example, data contained in geographic information systems, environmental
trend analysis, and fisheries statistics, it explicitly examines how advice for
management available in research literature, including technical and sum-
mary reports, is used in decision-making.
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As mentioned in Section 2.1, the oceans face many problems related to
the sustainability of living marine resources, the protection and conserva-
tion of habitats and biodiversity, and the protection of ocean and human
health. The leading environmental issue recognized globally is anthropo-
genic climate change, which has been receiving particular attention over
the past two decades and is the focus of interest of many scientists, policy
makers, and international institutions. The work of the Intergovernmental
Panel on Climate Change (IPCC) is an informative example of how scientists
and policy makers can work together, bridging the so-called science—policy
interface, to tackle an urgent global issue in marine environmental manage-
ment. The IPCC’s five incremental assessment reports to date illustrate how
the best available science about a given problem can be evaluated, summa-
rized, and then presented to policy makers, with their involvement and for
their use (IPCC 2014). The policy summaries are the product of many discus-
sions and reviews and are written specifically for the decision maker, policy
maker, and non-expert audience (including politicians).

Since the 1990s, as recognized by Cicin-Sain and Knecht, a “continuing
challenge in the management of coastal resources generally centers on the
science-policy interface. Improvements in resource management usually
depend on improvements in our understanding of the processes involved”
(Cicin-Sain and Knecht 1998, p. 173). Insights from a study on the science—
policy interface conducted by the US National Academy of Science (NAS),
cochaired by Cicin-Sain, included suggestions for improving communica-
tions across the interface (NRC 1995). More than a decade later, a study by
the US NAS added that understanding how science is used in policy requires
an investigation into what makes reliable, valid, and compelling policy
arguments from the perspective of policy makers (NRC 2012). Often, due
to the focus and demands of their research, scientists see their primary job
as contributing to the body of scientific knowledge, while producing infor-
mation that is directly useful in decision-making is sometimes regarded as
less important. National academies such as the National Research Council
(United States), the Council of Canadian Academies, and the Royal Society
(United Kingdom) have undertaken research to bridge this gap while address-
ing key societal issues. Along with these advances, numerous researchers
have probed the issue of the attributes of information per se and consider
“useful” information in decision-making to be salient, that is, relevant to the
needs of decision makers and other stakeholders; credible, that is, scientifi-
cally adequate in the eyes of the stakeholders; and legitimate, reflecting the
perception that its production was unbiased (Clark et al. 2006; Delaney and
Hastie 2007; McNie 2007; see also Chapters 3, 9, and 10 in this volume).

Despite this progress, understanding information use and influence in
policy-making on major issues of societal concern remains a relatively new
area of investigation. The case studies in Section III of this book describe
how marine information is produced, communicated, and used in ICOM
and associated areas critical to the oceans.
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2.2.2 Evidence-Based Policy-Making

Evidence-based policy-making can be traced back to at least the 1960s,
when large-scale planning processes took place in the United States in
areas such as defense, urban redevelopment, and budgeting (Howlett
2009). The term evidence-based, or the increasingly common evidence-
informed policy-making, encompasses efforts to guide policy processes by
giving priority to evidentiary decision-making criteria. The objective is
to avoid or minimize policy failures resulting from a mismatch between
expectations of governments and “on-the-ground” conditions (Howlett
2009, p. 154). While there has been no fundamental challenge to the basic
concept of evidence-based policy-making, UK researchers such as Nutley
et al. (2007) found that the evidence confirming any benefits or dysfunc-
tions of the process to be rather thin. Notwithstanding this finding, enthu-
siasm for the insights offered by research gained ground over a decade
ago, “epitomised in the UK by the rhetoric of Tony Blair’s Labour govern-
ment” at the end of the 1990s, which adopted the slogan “what matters
is what works” (Nutley et al. 2007, p. 10). This perspective “was intended
to signal an end to ideologically-based decision-making in favour of evi-
dence-based thinking” (Nutley et al. 2007, p. 10). Governments in other
jurisdictions embraced evidence-based decision-making practices to vary-
ing degrees (e.g., Denmark and New Zealand) or not at all, to the conster-
nation of researchers and the informed public, for example, recently in
Canada (see Turner 2013; Harris 2014; Winfield 2013).

Concerns about wholesale adoption of the evidence-based approach
have been raised (e.g., see Cherney and Head 2010), chief among these
being suggestions that research evidence is only one factor involved
in decision-making. Anne Glover, former chief scientific advisor to the
European Commission, noted at the AAAS conference in Boston in 2013:
“I know that our world is not just based on evidence, nor should it be, and
that scientists are not responsible for making [policy] decisions. Where I
feel we're in the wrong place is that at the moment we are very relaxed
and quite cavalier sometimes about the evidence” (AAAS 2013a,b). The
conference report further stated that “[e]Jven when heads of state make
policies that deviate from the available scientific evidence, Glover would
like them to nonetheless state that ‘we accept the evidence, but for other
reasons—political, social, economic reasons—we go in this direction”
(AAAS 2013a,b). In Glover’s view, this will “stimulate much better dia-
logue with citizens in enabling the use of new technologies.” Glover’s
views were echoed to a large degree by Sir Peter Gluckman, chief sci-
ence advisor to the New Zealand prime minister, in a lecture given at
the University of Sussex on January 21, 2014 (Gluckman 2014). At a subse-
quent conference on Science Advice to Governments in Auckland, New
Zealand, in 2014, both Glover and Gluckman were among the senior advi-
sors participating in this first international summit on science advice.
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The official media report of the conference stated that “science advice to
governments has emerged as a discipline in its own right, which is both
art and science” (International Network for Government Science Advice
2014).

Concerns about the adoption and application of evidence-based policy,
while meriting attention because they highlight the complexity of factors
characterizing a gap between science and policy, do not override the rel-
evance and importance of drawing on scientific information in efforts to find
solutions to pressing problems facing society at every jurisdictional level.
The growing body of research literature on the science—policy interface is
one indicator that this matter is gaining greater recognition among aca-
demics and practitioners. Since 2014 alone, more than 125 research papers
have discussed aspects of the science—policy interface (based on a Web of
Science, EBSCO, and ProQuest search in September 2015). Research aimed
at understanding what contributes to the gap between the availability of
information and knowledge arising from research and the processes of
policy-making and decision-making has increased as both researchers and
policy makers lament the distance between the two (e.g., Coffey and OToole
2012; Jasanoff 1994; Lalor and Hickey 2013; Mitchell 2010; Nursey-Bray et al.
2014; Pielke 2007; Shanley and Lopez 2009; Schenkel 2010; Spruijt et al. 2014;
Stoutenborough and Vedlitz 2014).

2.3 Role(s) of Information at the Science-Policy Interface

The role(s) that scientific information plays in decision-making is either
understudied or underemphasized. However, it is entwined in decision-
making processes and is often in the foreground of the rhetoric about the
gap between science and policy, as noted in Section 2.2.2 and in comments
from the Science Advice to Governments Conference in New Zealand
(International Network for Government Science Advice 2014). Researchers
have highlighted that most models of scientific communication ignore the
use of research information in public policy-making, where information
assimilation is a quite different process than in pure research contexts (Duff
1997; Doern 2001; Dunn 2005; Sendergaard et al. 2003; Van der Veer Martens
and Goodrum 2005).

Some of the dimensions of the science—policy interface are illustrated in
Figure 2.1, which shows a canvas composed of many actors and factors oper-
ating under the realms of science and policy (with a focus on public policy
and decision-making in government). Conceptually, the bridge encompasses
numerous features regarding infrastructure that facilitate communication
channels across the gap between the science and policy realms. Information
arising from research can be communicated in the direction of policy, that is,
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Bridging the science—policy interface: some of the actors and factors to consider.

science advice can be given, and in turn, policy can communicate questions
or problems that researchers can tackle and then forward new evidence back
to the policy community. Some have argued that the information to policy
challenge is largely a communications issue, whereby inadequate or ineffec-
tive communication results in a barrier to information or knowledge trans-
fer (e.g., Kahan 2010). If a message lacks clarity or fails to take account of
the perspective or needs of an audience, communication will falter. While
on the surface this assessment may seem entirely intuitive, the matter may
be considerably more complicated, because many factors can be wrapped
up in the communication challenge. A range of actors in the science and
policy realms and at the bridge facilitate communication. Enablers and bar-
riers characterize the activities in this dynamic process, and the context of
these activities brings numerous additional factors to bear on what must be
accepted as a complex and nontrivial phenomenon (MacDonald et al. 2010;
Soma et al. 2016).

The sections that follow draw on recent studies reported in the science—
policy interface literature to examine how researchers are attempting to
build understanding of the activities at the interface, especially what often
causes or creates the apparent gap between the two realms. Further discus-
sion of these themes is presented in the chapters in this volume, particularly
Chapter 19.
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2.4 Characteristics of the Science—Policy Interface

The science-policy interface operates at several scales: geographic,
institutional, political, and temporal (Nutley et al. 2007; Young 2014). However,
the interface is more inclusive than the label implies, as it encompasses many
social processes and may include traditional or local knowledge. In fact, mul-
tiple interfaces exist due to many information, decision-making, and policy
contexts. Furthermore, the information universe is multidimensional, and
information flow may be nonlinear, which also accounts for the complexity
of activity at the science—policy interface. While information can follow a
direct pathway from published research to a decision-making context, more
often information arising from research moves concurrently through mul-
tiple channels at varying paces (sometimes rapidly, as can be the case with
social media) and involves a variety of actors, for example, nongovernmental
organizations (NGOs), journalists, and the interested public.

The remainder of this section examines some of the main characteristics of
the interface: actors involved in the policy- and decision-making processes,
diverse subjects and available knowledge, available information products
and framing of the issues, politicizing of science, uncertainty, and organiza-
tional aspects. Many of these characteristics can act as enablers or barriers
to information flow at the science—policy interface (e.g., Cossarini et al. 2014;
Oltmann 2015; Suhay and Druckman 2015).

2.4.1 Actors

The primary actors in the production of scientific information are research-
ers working in a range of organizations: national governmental agencies,
international intergovernmental agencies, universities and colleges, pub-
lic and private research institutes, business and industry, and NGOs. The
primary actors in the policy processes are science advisors, policy ana-
lysts, policy makers, and decision makers in provincial/state, regional, and
national governmental departments and agencies and in intergovernmental
organizations. Science advisors distill the information and prepare options
and recommendations outlined in briefing notes and documents. Policy ana-
lysts support other civil servants and are primarily responsible for provid-
ing informational inputs and policy advice to the policy makers. The latter
are senior civil servants and politicians, while senior decision makers at the
policy level are considered to have political powers and are often politicians
(Bardach 2004; Ouimet et al. 2009).

Apart from researchers and policy makers, the interface may involve
multiple additional stakeholder groups with external influences on the pro-
cess, for example, NGOs and industry. Within these groups, the “interested
public” has been identified as playing a role, since interested and informed
individuals are often engaged in ICOM activities (Soomai et al. 2011, 2013).
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Furthermore, journalists and the media, who have been described as “com-
petent outsiders to science” (Polman et al. 2014, p. 766), can exert direct or
indirect influence in policy contexts by defining issues, swaying national
policies, highlighting conferences, and generally providing information to
the public (Briiggemann and Engesser 2014; Clarke et al. 2015; Cooper 2011;
Dikou and Dionysopoulou 2011; Ford and King 2015; Luokkanen et al. 2014;
Voyer et al. 2013; Weitkamp and Eidsvaag 2014). Nisbet and Fahy (2015, p. 38)
assert that “journalists and their news organizations can contextualize
and critically evaluate expert knowledge, facilitate discussion that bridges
entrenched ideological divisions, and promote consideration of a broader
menu of policy options and technologies.”

2.4.2 Diverse Subjects and Available Knowledge

As noted in Section 2.1, the publication of scientific research is accelerating,
and our understanding of coastal and marine (ocean) environments is grow-
ing. For ICOM to work effectively—given ecosystem approaches to manage-
ment—integrating information and knowledge from social, economic, and
political domains, as well as local and traditional knowledge, is needed to
resolve the problems that are the focus of coastal and ocean management
(Ascher et al. 2010; Raymond et al. 2010; Taylor and de Loé 2012; Bremer 2014;
Bremer and Glavovic 2013; Singh et al. 2014). Governmental agencies can act
as nodes of networks, and may lever the resources of many actors, including
industry, scientists, government bodies, NGOs, and interest groups, to com-
municate information. However, integrating natural, social, economic, and
local perspectives is often challenging, as gaps or uncertainties are inher-
ent in data sets, for example, in long time series of ecological data. The case
study on awareness and use of state of the environment reports in this vol-
ume (see Chapter 12) elaborates on this characteristic.

2.4.3 Information Products and Framing of Issues

A policy brief (or briefing note, as mentioned in Section 2.2.1) is a common
format by which information reaches senior managers, policy makers, and
politicians in many government organizations. Despite their frequency as a
means of disseminating the results of research, few studies have explored
the effectiveness of this form of communication (Beynon et al. 2012; Masset
et al. 2013). In one recent study;, little evidence was found that policy briefs
led to a change in prior beliefs (Rajabi 2012). The results of research can be
reported in a multitude of information products and formats, which can
enable information dissemination, but at the same time can confuse poten-
tial readers as to which source is reliable. The case studies in this volume
shed further light on this topic.

The framing of a problem or issue in a policy brief or another format of
advice defines its primary elements and scope, and communicates the
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options for decision makers. Therefore, the way in which a problem or issue
is framed can determine how important and worthy of attention it becomes,
and how well it can influence how political and societal actors, for exam-
ple, government, NGOs, industry, professional communities, and the gen-
eral public, view the complexity and uncertainty related to the issue (Lakoff
2010; Kahan 2015; Rudd 2015). Morton et al. (2011), for example, showed that
individual intentions to behave environmentally decreased when climate
change predictions with high uncertainty were negatively framed, that is,
highlighting possible losses. However, when the same predictions were pre-
sented with a positive frame, that is, underlining the possibility of losses
not materializing, this produced stronger intentions to act. In another recent
study, McComas et al. (2015, p. 50) found that framing a marine health issue
(the health of oysters) as a public health matter resonated more with readers
than messages focusing specifically on marine health, which led the authors
to suggest that “linking marine disease to public health could increase con-
cern and support for marine policy that can protect not only public health
but also reduce risks to marine organisms.” This topic is explored further
in the chapters on science information and governance (Chapter 4), risk
(Chapter 5), and participatory approaches (Chapter 6).

2.4.4 Politicizing of Science

Policy-neutral science is characterized by transparency, reproducibility, and
independence (Heazle 2004). Science advice is also expected to be unbi-
ased, objective, impartial, and policy neutral (Rice 2011). This neutrality is a
characteristic of “best available scientific advice” for evidence-based policy-
making (Nutley et al. 2007). However, science and politics often do not exist
as completely independent entities; they can be inseparable, with a blurred
boundary between policy advocacy and science, whereby scientific advice
can carry a political bias even if it is not intentional (Lackey 2007; Rice 2011;
see also Chapters 4 and 10 in this volume).

Misinformation or misuse of information may be unintentional, that is,
honest errors are made, or intentional, that is, incorrect information is pre-
sented to purposely mislead. Misinformation can be a common practice
when there is an absence of information (Deeming 2013) or where there are
high economic stakes for industry and government, for example, funding
anti-climate change groups and studies (e.g.,, Wogan 2013). The experiential
judgment of politicians and other key decision makers may also be consid-
ered to be just as important as data, information, and analysis by trained
policy analysts. This topic is explored further in Chapter 10.

2.4.5 Uncertainty

Scientific uncertainty is largely due to the inherent variability in natural
systems and to statistical uncertainty arising from assessment methods.
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How uncertainty is understood and dealt with by scientists and policy mak-
ers can determine whether and how information is used in decision-making.
Uncertainty can be exaggerated, underemphasized, or even ignored, and
is most often not understood by scientifically untrained personnel and the
general public.

Policy makers and decision makers can delay making policy decisions
in the face of uncertainty in scientific recommendations (Wardekkera et al.
2008). As another means to postpone action, managers can demand more
information to address uncertainty. Scientific uncertainty about a problem or
measurement can also be overplayed by scientists and policy makers, result-
ing in more time and resources being focused on acquiring data and pro-
viding advice to describe the uncertainties. Furthermore, the requirements
for very low uncertainty expected in some policy contexts, for example,
healthcare, where evidence-based practice is championed today, may not be
directly applicable in other policy areas, where it may be very difficult, and
probably not necessary, to obtain research evidence to the same high degree
of certainty.

Underemphasizing uncertainty can be even more dangerous than over-
playing uncertainties and can do lasting damage to the credibility of the
science (Maxim and van der Sluijs 2011; van der Sluijs 2012; Wilson 2009).
Examples from the literature on climate change show that exaggerating
certainty can create a false confidence in the credibility and legitimacy of
scientific advice, which can then be exploited to obstruct and delay policy
intervention (Russell 2010; van der Sluijs et al. 2008). In the climate data
Climategate controversy and the IPCC, problems arose when the scientific
advice did not reveal all sources of uncertainty in spite of the rigorous peer
review that was applied. The research community believed that some uncer-
tainties in the input parameters were benign, as the outcome of the assess-
ment would not change whether or not the uncertainties were accounted for
(Netherlands Environmental Assessment Agency 2010; Ravindranath 2010).
However, a lack of transparency in the assessment process was used as a
point of contention and an attempt to publicly discredit the scientific advice.
Similar dangers from overselling certainty were noted in other scientific
advisory bodies, for example, some International Council for the Exploration
of the Sea (ICES) fisheries scientists identified with Climategate, as they reg-
ularly “simplify” uncertainties in stock assessments when they communi-
cate advice to fisheries managers (Dankel et al. 2012; Wilson 2009). This topic
is further explored in Chapter 9, where the role of communication networks
in addressing uncertainty and building trust is discussed.

2.4.6 Organizational Aspects

The divergent professional motivations and different timescales of the out-
put associated with science and policy communities affect information flow
across the interface (Tribbia and Moser 2008). Scientists are interested in
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and focus on understanding natural phenomena, making discoveries, and
solving problems, using scientific procedures that often require producing
an extensive time series of data. Policy makers and program managers, on
the other hand, typically need advice on solutions to immediate problems.
Compromise between the two ways of addressing problems and information
needs is often weak or impossible. For example, the demand for technical
audits and program evaluations in government-funded science programs is
often based on the fiscal year (Doern and Reed 2000), and some individu-
als’ priorities are driven by the electoral cycle; scientific research and related
reports for policy-making most often cannot be completed within similar
time frames. The traditional hierarchical structure of government bureau-
cracies also creates departmentalization and centralization, which can limit
communication of information and information needs and potentially cause
conflict within the public service (Yang and Maxwell 2011).

Political decisions are typically publically visible, sometimes the outcome
of intense partisan debate, and can be contentious. However, the processes
by which the decisions are made are generally not transparent, even though
the decisions often have far-reaching implications, that is, through new or
revised legislation. Gaining access to decision makers to build understand-
ing of how scientific information is used is difficult and often unachiev-
able. Consequently, many studies have focused on the need for and use of
information by environmental managers (e.g, Delaney and Hastie 2007
Jacobson et al. 2013; Kirchhoff 2013; Tribbia and Moser 2008; White et al.
2008). Recently, two researchers at McGill University were able to gain
some understanding of decision-making at the highest levels of governance
in Canada and Australia by interviewing former environment ministers
(senior politicians) and deputy ministers/department secretaries (senior
public servants) (Lalor and Hickey 2013). The politicians and public servants
“generally believed in the value of science as a foundation for decision-
making,” but they called for “more inclusive and contextualized knowledge”
to inform decisions (Lalor and Hickey 2013, p. 774). The different motivations
of scientists, managers, and senior decision makers to act in policy contexts
are explored in more detail in the chapters on governance (see Chapters 4
through 6 and 10) and in the case studies in Section IIL

2.4.7 Quality Control (Peer Review) and Attributes of Information

Numerous studies have pointed to the growing production of gray literature
by government departments, international intergovernmental organizations,
and NGOs, resulting in greater reliance on gray literature for disseminating
information to inform decisions and policies (e.g., MacDonald et al. 2004, 2007;
Luzi 2000; Schopfel and Farace 2010; Webster and Collins 2005). Although the
use of gray literature in policy development is deemed very important, and
while these publications are generally created through rigorous peer review,
their credibility is often questioned compared with the primary literature,
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that is, the journals produced by commercial publishers. Moreover, ques-
tions about the credibility of some open access journals contribute to distrust
of the quality of scientific information (Bohannon 2013).

Given an environmental issue at hand, the best available information can
be determined based on its attributes, that is, credibility, salience, and legiti-
macy, as described in Cash et al. (2003) and Mitchell et al. (2006). These attri-
butes can be used to filter out information in decision-making processes. The
credibility of the available information refers to the perceived validity of the
information used, relevance reflects the extent to which the work carried out
is relevant to the policy process, and legitimacy reflects the perceived fair-
ness and political acceptability of the information used in a decision. This
subject is given further attention in Chapters 10 and 14.

2.5 Enhancing Communication of Information
at the Science—Policy Interface

Different interpretations of the science—policy interface in integrated coastal
and ocean management exist (e.g., Boelens 1992; Bremer and Glavovic 2013;
Koetz et al. 2011). In a science-based interface that follows a linear model, the
inherent uncertainty in science is attributed to a lack of available informa-
tion, warranting the creation of new science to fill gaps in the information
delivered to decision makers. Alternatively, in a participatory approach or a
more collaborative model of a science—policy interface, uncertainty is con-
sidered to be inevitable, necessitating the integration of existing knowledge,
including scientific knowledge and local knowledge, in an interdisciplinary
approach. Knowledge mobilization is seen to be dependent on the character-
istics of each science—policy interface, and a variety of factors can contribute
to the use of information in these contexts.

2.5.1 Boundary Organizations

Boundary work facilitated by boundary organizations extends peer commu-
nities by sometimes including increased public participation and changes to
traditional management processes, for example, adaptive management, in an
effort to bridge the divide between science and policy-making by facilitat-
ing greater interaction between the producers and the users of information.
The overall impact of these initiatives is increased perception of salience or
relevance of information to the policy process, increased legitimacy related
to inputs from multiple sources, and credibility related to the validity of
findings. The case studies in Section III of this volume provide more detail
on efforts to enhance communication of information at the science—policy
interface.
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Boundary work seeks to bridge the divide between science and policy-
making and to connect two or more otherwise disparate groups, that is, sci-
entists and policy makers, allowing the policy network to share information
efficiently and quickly (in scale and time) and often leading to more pro-
ductive policy-making (Guston 1999, 2001). Boundary organizations employ
specialists, known as interpreters, bridgers, or mediators, from both sides of the
science—policy interface to broker links between advisors or policy makers
and scientists (Guston 2001; Pielke 2007, Holmes and Clark 2008; Van der
Sluijs et al. 2008). These specialists are often co-opted from external groups
into the decision-making structure of the boundary organization and play
the role of science arbiter and honest broker by offering insights from the sci-
entific advice or the policy requirements. They may assist in the selection of
policy options, facilitate the development of researchable questions to meet
policy needs and communicate these to researchers. They also provide an
up-to-date balanced overview and synthesis of what is known, and what
the key uncertainties are, in relation to a policy issue (Cossarini et al. 2014;
Drimie and Quinlan 2011; Godfrey et al. 2010; Grainger 2013; Huitema and
Turnhout 2009; Mitchell et al. 2006).

2.5.2 Extended Peer Communities and Increased Public Participation

Extended peer communities and increased public participation facilitate
coproduction of information, which enhances communication, for exam-
ple, across multiple organizations, jurisdictions, and stakeholder groups.
Participation of stakeholders in knowledge production can also help to
increase the quality of the information product; for example, including more
viewpoints in a risk assessment can improve the usefulness of the assessment.
The extended peer community becomes the foundation for salient, credible,
and legitimate science for policy advice (Cash et al. 2003). Coproduction of
information increases its salience, credibility, and legitimacy (McNie 2007;
Hegger et al. 2012) and has been addressed in the context of global envi-
ronmental assessments, an important component of ICOM (Mitchell et al.
2006). Given the number of actors, organizations, and stakeholders that can
contribute to policy development, the importance of networks in communi-
cating information at the interface is directly related to this topic (see Bodin
et al. 2006; Hartley 2010; Hartley and Glass 2010). Further details about the
relevance of networks in understanding information activities at the science—
policy interface are described in Section II, particularly Chapter 8, and case
studies in Section III, for example, Chapter 15.

2.5.3 Changes to Traditional Management Processes

Adaptive management is a characteristic of ICOM that promotes itera-
tive relationships between producers and users of information to facilitate
two-way communication, thereby increasing the usability of information
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(Forst 2009; Linkov et al. 2006; Katsanevakis et al. 2011; Sarkki et al. 2015).
Adaptive management—involving monitoring, evaluation, and modification
of management actions—facilitates decision-making in the face of inherent
uncertainty associated with social and ecological systems. The importance
of the iterative relationship between scientists and policy makers is seen in
studies involving climate change data (e.g., Dilling and Lemos 2011; Sarewitz
and Pielke 2007). In conceptualizing a connection between science, decision-
making, and societal outcomes, science is viewed in terms of the “supply”
of information, while societal outcomes are seen as the “demand” function
that seeks to apply information to achieve specific societal goals. Decision-
making is then conceptualized as reconciling the dynamic relationship
between supply and demand. Sarewitz and Pielke (2007) showed that a poor
reconciliation between supply and demand of climate information occurred
when users could not make efficient use of relevant available information,
and as a result, decision-making was affected.

2.6 Discussion and Conclusion

This chapter, as part of the introduction to this book, identified some of the
characteristics of the science—policy interface (or interfaces) that must be
understood to achieve effective ICOM. The chapters that follow will treat
these and other characteristics in more detail. The science—policy interface is
dynamic, and its characteristics are expected to change with time and with
regard to the issue at hand.

This discussion of the topics described our current understanding of some
of the characteristics of the science—policy interface and highlighted gaps in
the knowledge:

* The complexity of information behavior and systems involving
many different actors in decision-making and management activi-
ties is frequently encountered. Policy networks now include a wide
range of stakeholders, among them scientists, managers, policy
makers (including politicians), the international community, NGOs,
industry, journalists and the news media, think tanks, and the inter-
ested and general public.

* ICOM is characterized by a collaborative model of science—policy
interrelations, likely due to the public demand for increased trans-
parency in science and policy-making. Government and intergov-
ernmental organizations that inform the public about environmental
risks increasingly recognize that uncertainty must be dealt with in
a transparent and effective manner involving collaboration among
the scientific (research) community, policy makers, and interested
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stakeholders. This collaboration includes the framing of the problem,
choice of assessment methods, data collection strategies, interpreta-
tion of results, individual roles in knowledge production, open dis-
course on uncertainty, and the use of information in policy-making
circles to represent the diversity of perspectives from which a policy
problem and results of assessments can be viewed.

Questions remain about what accounts for blind spots regarding the
role(s) and values of information in ocean and coastal management
contexts. For example, can the challenges be attributed to the ubig-
uity of information, that is, is information so common that every-
one takes it for granted? How do the different actors or stakeholder
groups define “information”?

The need for further studies to understand the characteristics of the
science—policy gap is evident. For instance, the relationship between
science and politics is complex, and understanding decision-making
in contexts where value judgments appear to be unavoidable should
be a priority area for research. Furthermore, the motivations of
policy makers related to the use and influence of scientific informa-
tion in policy-making are still unclear. In evidence-based decision-
making, do decision makers, such as managers and senior policy
makers, understand the scientific information? As policy-making
circles expand, who are the new actors, and what are their roles in
the process? Are there other characteristics to consider in addition to
those described in this chapter?

The major attributes of information—credibility, relevance, and
legitimacy—influence its uptake in decision-making. The provision
of information resulting from interdisciplinary work and the forma-
tion of diverse peer review communities that adhere to ecosystem-
based approaches to management are the cornerstone of ICOM.
Given the vast and growing volume of such scientific information,
what standards or filters do decision makers employ to determine
usable information?

The need to develop methods to measure the use and influence of
information in policy contexts warrants being addressed. This would
offer direction for the creation of useable information and informa-
tion products, as well as clarifying which channels to use to ensure
that the information reaches decision makers in a timely manner.

Boundary organizations and specialists, such as knowledge brokers,
were identified as organizational components that may have the
ability to bridge the science—policy gap. However, such organiza-
tions and individuals cannot be expected to solve all of the problems
inherent in the interface. Further understanding on how boundary
organizations and knowledge brokers link the science and policy
communities is needed.

35
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It is expected that the concepts treated in this book will advance the dis-
cussion of how new information and knowledge about the problems facing
coasts and oceans (produced largely by natural and social scientists and cou-
pled with local or traditional knowledge) will move more effectively to the
primary users of that information and knowledge: ocean managers, science
advisors, policy makers, and decision makers.

That this subject is vitally important is becoming increasingly evident, as
problems appear faster than solutions, or persistent problems prove to be
almost intractable, despite the huge repository of potentially useful informa-
tion. Hence, the goal of the book—to advance understanding of the interface
between information produced by researchers and its use and influence in
critical decision-making and policy-making, all focused on enhancing ICOM
and sustainability of marine ecosystems, economies, and communities—is
timely.
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When scientists add their findings to the mix, they do not put an end to poli-
tics; they add new ingredients to the collective process.

(Latour 1998, p. 208)

3.1 Introduction: Situating the Challenge of Science-
Informed Coastal and Ocean Management

Sustainable governance of coastal and marine environments is necessary
given that most of the world’s population lives adjacent to the coast and
many people rely on coastal and ocean resources for their livelihoods

47
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(Harvey and Caton 2003). Just as importantly, human activities impact on
other species and the processes that sustain them. Available evidence also
demonstrates that coastal and marine environments are not being man-
aged sustainably and that these ecosystems are “amongst the most produc-
tive yet highly threatened systems in the world” (Agardy and Alder 2005,
p. 515).

Sustainably managing such systems is challenging. Coastal and marine
environments are created, sustained, and transformed by diverse and com-
plex biophysical processes occurring over multiple time frames and spatial
scales (Harvey and Caton 2003; Kay and Alder 2005). Further, human man-
agement of coastal and marine environments is administratively complex,
often involving multiple authorities and jurisdictions (Cicin-Sain and Knecht
1998; Sorenson 1997), as well as being subject to diverse viewpoints and val-
ues (Thompson 2007). Berkes and Folke (1998) use the terms social ecologi-
cal systems and complex adaptive systems to describe these mutually dynamic
interactions between human and biophysical processes. In a similar vein,
interactive governance theory (Kooiman 2008) characterizes governance as
involving three interacting subsystems—a governing system, a system to be
governed, and a system of governing interactions (links between the other
two systems)—where governability is complicated by the presence of mul-
tiple wicked problems and varying levels of complexity in each subsystem
(Jentoft and Chuenpadgee 2009, p. 553).

Considerable attention needs to be given to improving the ways in which
the diverse challenges and inputs to coastal and ocean management are
understood, investigated, mediated, and managed (Stepanova 2015). In
some respects, the concept of integrated coastal zone management (ICZM,
see Chapter 1) provides an overall model for responding to such challenges.
Sorenson (1997, p. 9) defines ICZM as

[tlhe integrated planning and management of coastal resources in a man-
ner that is based on the physical, socioeconomic and political intercon-
nections both within, and among, the dynamic coastal systems, which
when aggregated together define a coastal zone.

However, the literature on ICZM provides relatively limited guidance
on the contribution of science and other forms of knowledge in pursing
more integrated management. This is problematic given that scientific evi-
dence is recognized as an important, if inadequate, element of sustain-
able coastal and ocean management. For example, Cahoon and Dumas
(2011, p. 224) argue that “the role of science will be critical in informing
the coastal policy process and supporting and defending better policy
choices.” McFadden (2007) laments “the case of disappearing science in
coastal management.” In making this assessment, she argues that coastal
zone management has come to focus on the mediation of stakeholder
conflict, with the consequence that “ICZM is becoming divorced from
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progress on the scientific underpinning of integrated coastal manage-
ment” (McFadden 2007, p. 435). For McFadden, the implications of this
are that “due to an absence of knowledge on integrated coastal behaviour,
stakeholders may be making decisions now that are damaging the system
in the long term” (McFadden 2007, p. 438). And yet Hulme, writing about
the need to embrace other ways of understanding the challenges associ-
ated with climate change, states:

The contemporary political orthodoxy is that investment in science, tech-
nology, engineering and maths (the STEM disciplines) provides the most
assured basis for securing future economic vibrancy, social well-being
and environmental protection. Yet the STEM disciplines by themselves
carry a hubris that they seemingly cannot shake off. On their own they
are inadequate for tackling “wicked” problems such as climate change.
(Hulme 2001, p. 178)

Arguably, such an assessment is equally applicable in coastal and marine
settings. For example, Nursey-Bray et al. (2014, p. 107) raise related, and
potentially broader, concerns in arguing that the “arbitrary separation [of
coastal knowledge] into a binary discursive landscape mitigates against sci-
ence—policy integration in practice.” They say that

to better understand how to build scientific research outputs into policy,
decision-makers and researchers need to understand how knowledge
works in practice, overcome [the] dichotomous construction of knowl-
edge and, specifically, reconstruct or transition the notion of “science as
knowledge” into “all knowledge types” into policy. (Nursey-Bray et al.
2014, p. 107)

In addition, it can be argued that some forms of scientific knowledge
have had too great an impact on decision-making, with neoliberal (Harvey
2005) ideas recognized as having shaped environmental policy and gover-
nance (Coffey and Marston 2013; Heynen and Robbins 2005; McCarthy and
Prudham 2004). For example, Prudham (2004) highlights the contribution of
neoliberal regulatory regimes to the contamination of the municipal water
supply in Walkerton, Ontario, which resulted in the deaths of seven people.

Given the importance of the issues at stake, this chapter considers the role
of science in coastal and ocean management decision-making. We make the
case that the role of science in coastal and ocean management is more complex
than is often appreciated and that science is necessary, but inadequate on its
own, for sustainable coastal and ocean management. To explore these issues,
we first explore what is meant by “science” and “decision-making” as a way
of introducing some of the complexity associated with coastal and ocean
management. We then introduce the concept of knowledge systems as a way of
characterizing the relationship between science and other forms of knowl-
edge in decision-making. Finally, we consider how better understanding the
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operating environment, within which science takes place, can contribute to
the development of more productive, science—policy interfaces.

3.2 Unpacking Science and Decision-Making

The terms science and decision-making are seemingly straightforward and
uncontroversial. Providing unambiguous definitions of such terms turns
out, however, to be no easy task. It quickly becomes clear that the terms, and
the activities and practices to which they refer, are complex and nuanced.

3.2.1 Unpacking Science

Rather than attempting to provide a definitive definition of science, exam-
ples drawn from three aspects of science, namely, its philosophy, types, and
the purposes to which it can be oriented, are used to provide ways of under-
standing the complexity and diversity of science.

It is useful to start with the question posed by What Is This Thing Called
Science? (Chalmers 2010). Chalmers’ informative exploration of the history
and philosophy of the physical sciences introduces and assesses different
philosophies of science that have been advocated at different points in time,
and which often continue to be advocated under different circumstances.
For example, Chalmers discusses the problems and limitations associated
with relying on uncritical observations (science as the knowledge derived
from the facts of experience), experimentation, induction, deduction, falsi-
fication, and paradigms. Based on this analysis, he concludes that “there is
no general account of science and scientific method to be had that applies
to all sciences at all historical stages in their development” (Chalmers 2010,
p- 247). Put simply, it is not possible to provide an unambiguous definition
of science. Further, while rejecting Feyerabend’s post-structurally inspired
definition of science, Chalmers nonetheless accepts some of the challeng-
ing insights raised by Feyerabend’s (1975) analysis. Chalmers claims that
Feyerabend argues that as “matter([s] of historical fact, classic instances of
scientific progress in science do not conform to the theories of science which
they are taken to exemplify” (Chalmers 2010, p. 150). Broadly speaking,
Feyerabend’s approach to the history and philosophy of science focuses on
truth as historically specific rather than objective and timeless.

The second way in which science is more complex than appreciated is in
the differences that are apparent between the physical and social sciences.
Firstly, they are qualitatively different undertakings (Flyvberg 2001), with
the knowledge produced from the disciplines of history, politics, sociology,
and anthropology being different to that produced by chemistry, physics,
and mathematics. Secondly, Smith argues that
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the social sciences have a crucial role to play in ocean and coastal man-
agement: through their direct academic contribution; through profes-
sional practice within management organisations; and in promoting
integrated decision-making at different levels ranging from simple com-
munication among individuals and organisations to full structural inte-
gration of organisations. (Smith 2002, p. 581)

Finally, as clearly demonstrated by Funtowicz and Ravetz (1993), particu-
lar kinds of scientific research are appropriate for answering certain types
of questions in some situations, but not others. For example, in discussing
the emergence of post-normal science, Funtowicz and Ravetz (1993) distin-
guish between applied science (where there is technical uncertainty and low
decision stakes), professional consultancy (where there is methodological
uncertainty and moderate decision stakes), and post-normal science (where
there is uncertainty and high decision stakes). When the decision stakes are
high and system uncertainty is great, it is less likely that applied science or
technical consultancy will prove useful. Instead, research that draws on wide
participation, local knowledge, and recognition of values is more likely to be
effective. With regard to integrated coastal zone management, Cummins and
McKenna (2010) argue that sustainability science is needed. They propose six
principles to guide the implementation of sustainability science in coastal set-
tings: (1) resolve sustainable development issues by a problem-driven agenda;
(2) coproduce knowledge in collaboration with stakeholder groups; (3) imple-
ment an interdisciplinary approach; (4) address earth system complexity; (5)
focus communication and research activities at the local level; and (6) provide
a process of social learning rather than providing definitive answers.

Different types of science can also be distinguished in terms of their orien-
tations to decision-making. For example, in policy studies, distinctions have
been made between the analysis of policy and analysis for policy (Hogwood
and Gunn 1984, Table 3.1). Notwithstanding that such a view imposes an
“either or” view of the purpose of different kinds of policy research, it none-
theless provides a sense of the orientations that research can take in relation
to decision-making. It is possible to conduct research about policy while at
the same time hoping that it also informs policy.

3.2.2 Unpacking Decision-Making

Decision-making also turns out to be more complex than might be imagined
in the frequently expressed statement that “science should inform decision-
making.” In analyzing this statement, it is useful to focus on what is meant by
“utilization” and what is meant by “decision-making”. In two classic papers,
Carol Weiss (1979; 1980) provides useful insights into these two areas and
the notion of the stages model of the policy process. Three key points emerge
from her analysis: research may be utilized in many ways, what constitutes
a “decision” is far from clear, and research may be more or less useful at
different parts of the policy process.
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TABLE 3.1

Different Kinds of Policy Analysis

Analysis of Policy

Studies of policy content Studies describing and explaining the genesis and
development of policies

Studies of policy outputs Studies explaining why levels of expenditure or service
provision vary over time

Studies of policy process Studies focusing on how policy decisions are made and how
policies are shaped in action

Analysis for Policy

Evaluation Studies focusing on the impact that policies have

Information for policy-making  Studies that marshal data in order to assist policy makers to
reach decisions

Process advocacy Studies seeking to improve the nature of policy-making
systems through reallocation of functions and tasks

Policy advocacy Studies where analysts promote specific options and ideas

Source: Data from Hogwood, B. and L. Gunn. 1984. Policy Analysis for the Real World. Oxford:
Oxford University.

Weiss considers that if research utilization is to be encouraged, “it is essen-
tial to understand what ‘using research’ actually means” (Weiss 1979, p. 426).
While Weiss is concerned with social science, her insights are broadly rel-
evant across both the physical (i.e., natural) and social sciences, and arguably
other bodies of knowledge. She identifies seven meanings of research utiliza-
tion (summarized in Table 3.2). In terms of what constitutes a “decision” it
is difficult to overlook Weiss” (1980) article “Knowledge Creep and Decision
Accretion,” where the title makes the point that knowledge is not often
used in any direct and instrumental fashion to make a decision. Further, for
Weiss (1980, p. 381), “many policy actions, even those of fateful order, are not
‘decided’ in brisk and clear cut style.” Instead, Weiss (1980, p. 399) argues that
three conditions make it difficult to pin down “decisions”—namely,

1. The dispersal of responsibility over many offices and the participa-
tion of many actors in decision-making [means that] no one indi-
vidual feels that he or she has a major say

2. The division of authority among federal, state, and local levels in
federal systems

3. The series of gradual and amorphous steps through which many
decisions take shape.

Decision-making can also be viewed as a process, as is assumed within the
stages model of the policy process (Howlett and Ramesh 2003; Althaus et al.
2012). In this approach, policy-making occurs within a relatively rational
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TABLE 3.2

Types of Research Utilization

Type of
Utilization

Explanation

Research-driven
model

Problem-solving
model

Interactive model

Political model

Tactical model

Enlightenment
model

Research as part of
the intellectual
enterprise of
society

This model is based on the assumed sequence of events: basic research
informs applied research, which informs development, which then
finds application. For Weiss, this model is based on “the notion that
basic research discloses some opportunity that may have relevance for
public policy: applied research is conducted to define and test the
finding of basic research for practical action: if all goes well,
appropriate technologies are developed to implement the findings,
whereupon application occurs” (p. 427).

This model assumes the direct application of results of a specific [social
science] study to a pending decision and that “a problem exists and a
decision has to be made” and “research provides the missing
knowledge” (p. 427).

Weiss sees two variations to this model: (1) policy makers search for
information from pre-existing research; and, (2) policy makers engage
scientists to fill an existing knowledge gap.

In this model the sequence of events is: definition of pending
decision > identification of missing knowledge > acquisition of social
science research > interpretation of the research for the decision
context > policy choice (p. 428).

This model assumes that those engaged in developing policy seek
information from a variety of sources—administrators, practitioners,
politicians, planners, journalists, clients, interest groups, aides,
friends, and social scientists. The process is not one of linear order
from research to decision but a disorderly set of interconnections and
back-and-forthness that defies neat diagrams (p. 428).

This model is where “the constellation of interests around a policy
issue predetermines the positions that decision makers take,” such
that research “becomes ammunition for the side that finds its
conclusions congenial and supportive. Partisans flourish the evidence
in an attempt to neutralize opponents, convince waverers, and bolster
supporters” (p. 429).

This model assumes occasions where research is used for purposes that
have little relation to the substance of the research. In these
circumstances, research findings are not invoked, but the sheer fact
that research is being done, is i.e., the fact that research has been
commissioned, shows that the issue is taken seriously.

Under this model research utilization is not based on the findings of a
single study nor even of a body of related studies that directly affect
policy. Rather, the concepts and theoretical perspectives that social
science research has engendered permeates the policy-making process
(p. 429).

This model assumes that like policy, social science research responds to
the currents of thought, the fads, and fancies, of the period. Social
science and policy interact, influence each other and are influenced by
the larger fashions of social thought (p. 430).

Source:

Data from Weiss, C. 1979. Public Administration Review 39: 426—431.
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TABLE 3.3

Five Stages of the Policy Cycle and Their Relationship to Applied Problem Solving
Steps in Applied

Problem Solving Stages in the Policy Cycle

Problem recognition Agenda-setting:
The process by which problems come to the attention of
governments
Proposal of solution Policy formulation:
How policy options are formulated within government
Choice of solution Decision-making:
The process by which governments adopt a particular course of
action or non-action
Putting solution into ~ Policy implementation:
effect How governments put policies into effect
Monitoring results Policy evaluation:
Processes by which the results of policies are monitored and assessed

Source: Data from Howlett, M. and M. Ramesh. 2003. Studying Public Policy: Policy Cycles and
Policy Subsystems. Oxford: Oxford University Press.

cycle of decision-making, comprising separate but interrelated steps, which
broadly align with generic problem-solving criteria, as summarized in
Table 3.3 (Howlett and Ramesh 2003).

A modified version of this approach is the eight-stage policy cycle model
presented by Althaus et al. (2012): (1) identification of issue; (2) analysis of
policy; (3) consideration of policy instruments; (4) consultation with external
stakeholders; (5) coordination across government agencies; (6) decision-mak-
ing by elected officials; (7) implementation of the decision; and, subsequently,
(8) evaluation of the effects of the decision implemented.

While such models have been thoroughly critiqued (e.g., Colebatch 2002;
Bacchi 2009), they nonetheless provide a sense of how research may be more
or less relevant at different points in the policy process. For example, research
may identify a new problem, which then comes to the attention of the gov-
ernment. Or research may inform the government about the strengths and
weaknesses of a particular potential solution, for example, its technical or
economic strengths and weaknesses. Research might also inform the evalu-
ation of a particular policy or program.

Finally, it is useful to mention the importance of recognizing the poten-
tial mismatch between the supply of, and demand for, science (Sarewitz
and Pielke 2007). In this context, Sarewitz and Pielke (2007, p. 5) argue that
“’better” science portfolios ... would be achieved if science policy deci-
sions reflected knowledge about the supply of science, the demand for sci-
ence, and the relationship between the two.” To this end, they develop a
matrix for reconciling supply and demand, which is based on responses
to two questions: Is relevant information produced? Can users benefit
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from the research? Based on this matrix, science policy relations can be
characterized as reflecting one of four scenarios: inappropriate research
agenda; research agenda and user needs poorly matched (and potentially
disenfranchised users); unsophisticated or marginalized users or other
constraints that are obstacles to information use; and empowered users
taking advantage of well-deployed research capabilities (Sarewitz and
Pielke 2007, p. 12).

3.3 From Linear Knowledge Transfer to Dynamic and
Interactive Ecologies of Knowledge Exchange

Having provided insights into the complexities of science and decision-
making, we now turn to conceptualizing the relationship between sci-
ence and decision-making by discussing three general models: the linear
model, a cyclical process, and a dynamic multidirectional process (Ward
et al. 2009).

3.3.1 The Linear and Cyclical Models

The linear model is effectively the default position for conceptualizing
the relationship between science and decision-making and is so pervasive
as to be taken for granted. It is also known by the following names: the
deficit model (Rayner 2004), the traditional knowledge system (Roling and
Jiggins 1998), science first (Kelsey 2003), and the loading dock approach
(Cash et al. 2006). The core features of this model are its focus on the step-
wise progression between identifiable beginning and end points (Ward
etal. 2009) and an overwhelmingly linear and unidirectional orienta-
tion, whereby knowledge is viewed as generated by researchers and then
transferred to others. Put simply, the model focuses on knowledge trans-
fer and roughly assumes the following sequence: basic research > applied
research > development > application (Weiss 1979). This model assumes
that science is the major source of new ideas and technologies (Roling
1992).

For Kelsey (2003), the implications of this model are that it assumes a
hierarchical relationship in which scientific knowledge, in particular the
knowledge of the physical sciences, is elevated above other forms of knowl-
edge. Further, under this assumption, the public is expected to respond to
environmental problems, initially and accurately described by scientists,
with solutions informed by science, negotiated by politicians, and enacted
through various means of persuasion and regulation. Three variations of
this model have been identified: (1) science is needed because the media and
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public oppose something and they do not have the appropriate scientific
knowledge necessary to assess the benefits and risks involved (people need
more facts); (2) there is a lack of public understanding of the processes of
science (people need to understand the processes of science); and (3) there
is a deficit of public trust (peoples’ trust in science needs to be developed)
(Rayner 2004).

Kelsey (2003, p. 2) sees problems with this model in privileging expert
information as it “marginalises public knowledge” and “restricts the ability
of the public to participate,” which can “undermine the public’s own belief
in the value of their knowledge and participation.” Instead, Kelsey advo-
cates for “a willingness to adopt decision-making processes, timelines and
organisational structures that reflect the different values on which alterna-
tive knowledge systems are based” (Kelsey 2003, p. 4). She also highlights
the importance of recognizing that “knowledge is not transferred directly
from one knower to another, but [instead] is actively built up by the learner”
(Kelsey 2003, p. 9). Relatedly, for Roling (1992, p. 3), the key weaknesses of
the linear model are that “it implies that there is a science-based fix for all
societal problems: a promise that inhibits the search for other survival strat-
egies” and that there are “strong incentives and political dynamics [which]
keep it alive.”

Ward et al. (2009, p. 6) also identify a cyclical model of knowledge transfer,
which we consider a variation of the linear model in that “the individual com-
ponents ... are linked via a stepwise progression, but the process is depicted
as interactive and ongoing.” It differs from the linear model since there is no
stopping point—evaluation leads to the identification of new problems, and
so the process starts again. While clearly not as optimistic about science’s
capacity to provide silver bullet solutions, the model nonetheless emphasizes
the centrality of science in decision-making. In broad terms, these models
align with the policy—cycle model discussed in the previous section, as they
involve linear stepwise approaches to problem solving.

3.3.2 The Dynamic, Interactive, and Multidirectional Model

The relationship between science and decision-making can also be con-
ceptualized as “a dynamic, interactive and multidirectional process which
involves many actors and activities” (Ward et al. 2009, p. 6). Support for
such a view is evident in the argument by Raymond et al. (2010, p. 1766)
that “to manage the scope, complexity and uncertainty of global environ-
mental problems, it is important to take account of different types and
sources of knowledge.” This model is frequently labeled knowledge systems
(Roling 1992; Cash et al. 2003; Coffey and O’Toole 2012) or knowledge-action
systems (Cash and Buizer 2005; Weichselgartner and Kasperson 2010; Van
Kerkoff and Lebel 2006), and represents a major reconceptualization of the
relationship between science and decision-making. For Roling and Jiggins
(1998), knowledge systems are mental constructs encompassing relatively
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stable networks of actors and coherent sets of cognitions, cosmologies,
and practices, comprising seven elements—namely, an epistemology, ecol-
ogy (belief about the way in which people interact with their biophysical
environment), a set of practices (for managing agro-ecosystems), ways
of learning (about agro-ecosystems), ways of facilitating and supporting
such learning, supportive institutional frameworks and actor networks,
and a conducive policy context. They argue that, taken together, these ele-
ments occur in unique, internally coherent combinations, which help to
determine a particular type of knowledge system. Interest in this model
is evident in diverse areas, including agricultural extension (Roling 1985;
1992), natural resource management (Campbell 2006; Ojha et al. 2008), sus-
tainable development (Cash et al. 2003), biodiversity management (Kelsey
2003), public health (Van Kerkoff and Szlezak 2006), indigenous knowledge
(Verran 1998; Mauro and Hardison 2000; King 2004; Houde 2007), business
(Tsoukas and Mylonopolous 2004), innovation (Howells and Roberts 2000),
knowledge management in firms (Lee and Van den Steen 2010), and infor-
mation technology (Stefik 1995).

Coffey and O'Toole (2012) identify three ways in which knowledge sys-
tems have been investigated:

1. The nature and characteristics of particular knowledge systems are
explored. For example, studies of traditional ecological knowledge
(Kelsey 2003; Houde 2007).

2. Competing knowledge systems are compared and contrasted. For
example, Roling and Jiggins (1998) contrast a traditional approach
to agricultural extension (which is effectively the linear model dis-
cussed previously) with a “soft system” oriented approach, which
they label “the ecological knowledge system.”

3. Studies focus on the interactions between multiple knowledge sys-
tems (Erickson and Woodley 2005; Ojha et al. 2008). For example,
Ojha and colleagues (2008, p. 3) identify “at least four different but
overlapping systems of knowledge operating within the natural
resource management sector in Nepal,” which they consider have
consolidated around techno-bureaucratic organizations, develop-
ment agencies, politicians, and civil society. They argue that “in the
processes of political interaction and deliberation over issues of nat-
ural resource governance, we see that these four systems of knowl-
edge underpin the constitution of the four categories of social and
political agents” (Ojha et al. 2008, p. 3).

Given that marine and coastal management involves multiple knowledge
systems, this model is viewed as being particularly useful for conceptu-
alizing the relationship between science and decision-making. The merits
of such an approach are illustrated by Erickson and Woodley (2005), who
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outlined the benefits of using multiple knowledge systems (such as scien-
tific, indigenous, traditional ecological, local, and practitioner knowledge)
in the development of the Millennium Ecosystem Assessment (MEA). These
benefits include the value of the insights provided from such knowledge
systems, the value of using participation as a means for empowering local
resource users, and the value of using multiple types of knowledge for
improving the relevance, credibility, and legitimacy of the results gener-
ated. Put simply, recognizing multiple knowledge systems provides a richer
understanding of the complex dynamics involved in marine and coastal
management. However, the MEA was less helpful in suggesting practical
mechanisms or processes for integrating multiple knowledge systems in
ecosystem assessment.

Raymond et al. (2010) explicitly engage with the challenge of integrating
different forms of knowledge. They discuss the ontological, epistemologi-
cal, and applied challenges associated with integrating different types of
knowledge and provide a framework to assist with considering and address-
ing these challenges. They carefully point out, though, that “there is no
single optimum approach for integrating local and scientific knowledge
and encourage a shift in science from the development of knowledge inte-
gration products to the development of knowledge integration processes”
(Raymond et al. 2010, p. 1775). While acknowledging the value of the work
of Raymond et al. (2010), Coffey and O"Toole (2012, p. 321) consider that the
focus of Raymond et al. on projects, and their view of problems as “iden-
tifiable,” constrains the focus and types of issues that can be explored.
Instead, Coffey and O'Toole (2012, p. 321) argue that “achieving integration
of different knowledge systems is likely to represent a considerable, if not
insurmountable, challenge,” such that “it remains necessary to focus on the
interactions between different knowledge systems.” This reflects a stronger
focus on political mediation and negotiation, rather than any inherent reso-
lution of the differences between knowledge systems. Further, it also situates
science within the mix, rather than outside it.

As is evident from the preceding discussion, there is value in conceptu-
alizing coastal knowledge relations in ways that are dynamic and multi-
directional and recognizing the roles played by different stakeholders. In
place of a linear and unidirectional transfer of knowledge from research-
ers to extension officers to clients, coastal knowledge relations need to
be conceptualized as dynamic exchanges, whereby participants may be
involved in knowledge generation, dissemination, and use, and different
forms of knowledge are given due recognition. Thus it is useful to consider
coastal management and knowledge relations as encompassing dynamic
networks of multiple (intersecting) knowledge subsystems (each of which
reflects diverse sets of values, worldviews, and practices) and which are
advocated to varying degrees by different individuals and organizations.
Clearly, such an approach is warranted given the challenges of implement-
ing ICZM.
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3.3.3 Myths and Models

When contrasting different conceptualizations of the relationship between sci-
ence and decision-making, it is instructive to emphasize that the linear model
informs people in fundamental ways, such that they may not be aware that
they are embracing it. It is, therefore, useful to draw attention to some of the
myths that inform science—policy relations, and also to highlight the different
ways that people may respond to receiving scientific and other information.
As part of efforts to expand science policy debates in Australia, Harris
and Meyer (2011, p. 9) outline various science policy myths that they see as
retaining “disproportionate cultural power,” despite having been “repeat-
edly discredited in recent decades.” These myths and models of integrating

science into policy are summarized in Table 3.4.

TABLE 3.4

Science Policy Myths

Name of Myth

Myth

Reality

Infinite benefit

Serendipity

Authoritativeness

Accountability

Linear model of
science into
society [

Linear model of
science into
society II

More science and
technology will
necessarily lead to more
public good. Any new
knowledge is helpful.

Because the benefits of
science are unpredictable,
we should not attempt to
steer science in a
particular direction.

Scientific information
provides an objective basis
for resolving political
disputes.

Metrics of scientific quality
(e.g., peer review, journal
citations) are sufficient
indication of worthwhile
investments.

Basic research > applied
research > development >
social benefit

Science > reduced
uncertainty > better policy

Benefit is not a forgone conclusion.
Science and technology may be useful,
even harmful.

Serendipity is an important part of
research, but this does not prevent us
from making well-reasoned choices
about the kind of investments,
institutions, and scientific practice
likely to yield useful knowledge and
technologies.

Science may inform policy and politics,
but such disputes are based on values.
Conflict based on values is unlikely to
be resolved through science.

Policy makers (and scientists) justify
research investment based on the
promise of social benefits, thus taking
on responsibility beyond scientific
quality.

Benefit is not guaranteed.
Interconnections and dynamics among
basic, applied, and development are
complex and nonlinear.

More science may increase uncertainty.
Policy progress will not necessarily
result from improved understanding,
or additional data alone.

Source: Data from Harris, P. and R. Meyer. 2011. Science policy: Beyond budgets and break-
throughs. Discussion paper on enhancing Australian government science policy.
Canberra: HC Coombs Policy Forum, Australian National University.



60 Effective Coastal and Ocean Management

Policy actors also differ in how they respond to issues, as evidenced by the
literature on cultural grid-group theory (Hoppe 2011; Thompson et al. 1990;
Thompson 1997) and social functional psychology (Tetlock 2002). Not only do
different policy actors view the world in different ways, but how they respond
to the same stimulus varies. Put simply, people vary in how they respond to
issues: some will seek to develop a collective response, others may adopt an
individualistic response. Under cultural grid-group theory, four different cul-
tural dispositions are inferred: fatalists, hierarchists, individualists, and egali-
tarians (Thompson 1997). A consequence of these different cultural orientations
is that efforts to characterize a problem in a particular way may be self-defeating.
The more effort that is taken to persuade particular stakeholders that a problem
should be viewed in a particular way, the less likely it is that they will embrace
that problem’s characterization. This effect can be illustrated through the exam-
ple of contrasting conversational styles, whereby “the behaviours of one social
actor drive another into increasingly exaggerated expressions of incongruent
behaviour in a mutually aggravating spiral” (Tannen 2005, p. 31). Relatedly,
social functional psychology identifies five styles (Table 3.5) that people may
draw on in responding to particular information (Alexander et al. 2012; Tetlock
2002). These styles illustrate that stakeholders think differently and may not
respond to particular problem definitions in the way others would like.

TABLE 3.5

Social Functionalist Decision-Making Styles

Decision-Making Style Explanation

Intuitive scientists Driven by epistemic goals and the need to discover causal

relationships in the pursuit of truth

Intuitive economists Driven by goals of maximizing the benefits of resource use for
themselves and/or the community, and hold a utilitarian ethic,
where rational human decision-making is conceived as the result
of comparing costs and benefits

Intuitive politicians Attempt to cope with accountability demands from key
constituencies in their lives, and need to establish, or preserve, a
desired social identity and possess a reasonably reliable mental
compass for navigating the self through role-rule structures

Intuitive prosecutors Seek to enforce social norms, by directing accountability demands
on those tempted to derive the benefits of collective
interdependence without contributing their fair share or without
respecting the role-rule regime

Intuitive theologians Try to protect sacred values from secular encroachments, and have
a need to believe that the prevailing accountability and social
control regime is not arbitrary, but rather flows naturally from an
authority that transcends accidents of history or whims of
dominant groups

Source: Data from Alexander, K. et al. 2012. Journal of Environmental Planning and Management
55: 409-433; Tetlock, P., 2002. Psychological Review 109: 451-471.
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3.4 Understanding Operating Environments and
Knowledge-Governance Interfaces

So far in this chapter, we have highlighted the complexity of science and
decision-making and argued that it is desirable to conceptualize the relation-
ship between science and decision-making as dynamic and interactive. We
now turn to exploring how these dynamic interactions play out in particu-
lar circumstances. We begin with the obvious point that coastal and marine
environments are subject to multiple threats (Agardy and Alder 2005; Beeton
etal. 2006; Commissioner for Environmental Sustainability 2008). These
threats include, but are not limited to, flooding (McFadden et al. 2009), sea-
level rise (Abel et al. 2011), estuary management (Hoare 2002), overharvest-
ing of fish stocks and fisheries management (Hill et al. 2010; Ebbin 2011),
and marine conservation and protected area planning (Osmond et al. 2010;
Ritchie and Ellis 2010; Gray and Campbell 2008).

For Jentoft and Chuenpadgee (2009, p. 553), fisheries and coastal issues can
be characterized as wicked which they argue affects their governability and
leads them to conclude that there are limitations to how rational and effec-
tive fisheries and coastal governance can be. In characterizing fisheries and
coastal issues in this way, they draw on Rittel and Webber’s (1973) concept
of wicked problems, which provides a powerful critique of rational, tech-
nocratic approaches to policy research and analysis. For Rittel and Webber
(1973, pp. 161-166), ten properties distinguish wicked problems from tame
problems (Box 3.1).

Rittel and Webber claim that “the search for scientific bases for confront-
ing problems of social policy is bound to fail, because of the nature of these
problems” (Rittel and Webber 1973, p. 155) and argue that

The kinds of problems that planners deal with—societal problems—
are inherently different from the problems that scientists and perhaps
some classes of engineers deal with. Planning problems are inherently
wicked. (Rittel and Webber 1973, p. 160)

and

As distinguished from problems in the natural sciences, which are
definable and separable and may have solutions that are findable, the
problems of governmental planning—and especially those of social or
policy planning—are ill-defined; and they rely on elusive political judge-
ment for resolution. (Rittel and Webber 1973, p. 160)

Within this context, Stocker et al. (2012, p. 44) suggest that tackling coastal
and marine oriented wicked problems requires
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BOX 3.1 THE TEN PROPERTIES OF WICKED PROBLEMS

1. There is no definitive formulation of a wicked problem.
2. Wicked problems have no stopping rule.

3. Solutions to wicked problems are not true-or-false, but
good-or-bad.

4. There is no immediate and no ultimate test of a solution to a
wicked problem.

5. Every solution to a wicked problem is a “one-shot operation”:
because there is no opportunity to learn by trial and error;
every attempt counts significantly.

6. Wicked problems do not have an enumerable (or exhaustively
describable) set of potential solutions, nor is there a well-
described set of permissible operations that may be incorpo-
rated into the plan.

7. Every wicked problem is essentially unique.

8. Every wicked problem can be considered to be a symptom of
another problem.

9. The existence of a discrepancy representing a wicked problem
can be explained in numerous ways. The choice of explanation
determines the nature of the problem’s resolution.

10. The planner has no right to be wrong.

Source: Data from Rittel, H. and M. Webber. 1973. Policy Sciences 4: 155-169.

* Accommodating multiple alternative perspectives rather than pre-
scribing single solutions

® Functioning through group interaction and iteration rather than
back office calculations

* Generating ownership of the problem formulation through stake-
holder participation and transparency

* Facilitating a graphical (visual) representation of the problem space
for the systematic group exploration of a solution space

¢ Focusing on the relationships between discrete alternatives rather
than continuous variables

¢ Concentrating on possibility rather than probability

The significance of Rittel and Webber’s contribution is demonstrated by
Head’s (2008, p. 101) assessment that they provided “the most challenging
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and wide-ranging critique of orthodox planning rationality ... evident at
the time.” However, Rittel and Webber’s contrasting of wicked and tame
problems means only two types of coastal and ocean problems occur. This
provides a constrained view of the kinds of issues that exist. Head’s (2008,
p- 103) disentangling of wicked in terms of low, moderate, and high levels of
complexity, uncertainty, and divergence provides a finer-grained reading of
problems and offers greater insight into what kinds of interventions might
be useful in particular circumstances.

The literature on problem structuring (Hisschemoller and Hoppe
1996; Hoppe 2011) is similarly useful, as it proposes four types of policy
problem: structured, unstructured, moderately structured (goals), and
moderately structured (means). Structured problems are, like Rittel and
Webber’s tame problems, those where “unanimity or near-consensus on
the normative issues at stake” exists as well as considerable certainty
about “the validity and applicability of claims to relevant knowledge”
(Hoppe 2011, p. 72). Unstructured problems are like wicked problems.
Moderately structured problems (ends) are defined as those where there
may be “a great deal of agreement on the norms, principles, ends, and
goals of defining a desirable future state, but simultaneously consider-
able levels of uncertainty about the reliability of knowledge claims about
how to bring it about” (Hoppe 2011, p. 74). Finally, moderately structured
problems (means) are characterized by high levels of agreement on the
relevant and required knowledge, but ongoing dissent over the normative
claims at stake (Hoppe 2011).

Problem structuring highlights that not all problem situations are the
same, which means the types of interventions may need to vary, that is,
there is no one-size-fits-all solution. Further, Hisschemoller et al. (2001,
p. 465, cited in Wesselink and Hoppe 2011, p. 404) argue that “science use
depends on the structure of the problem as constructed by dominant policy
actors at a given moment.” An insightful application of problem structuring
in an ocean and coastal context is provided by Turnhout et al. (2008) who
use it to explore science—policy relations in the Wadden Sea. Their analy-
sis explores the different roles scientists can occupy, and shows how these
may shift from accommodation to advocacy in different situations. Adding
further complexity to the range of problem types, Levin et al. (2010, p. 3)
identify “super wicked problems” as having four additional features that
distinguish them from wicked problems—namely, urgency (time is run-
ning out), the lack of an adequate central authority to address the issue,
that those who cause the problem also seek to create a solution, and the
occurrence of hyperbolic discounting that pushes responses into the future
when immediate actions are required to initiate longer-term policy solu-
tions. Collectively, these approaches provide more nuanced insights into
the nature of ocean and coastal problems and what might be done about
them than does Rittel and Webber’s simple framing of tame and wicked
problems.
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These approaches, however, assume that it is possible to objectively dif-
ferentiate between different types of issues. Drawing on discourse theory
(Hajer 1995; Bacchi 2009), we suggest that it is important to be mindful of
how issues are represented. To this end it is possible to suggest that problem
structuring can be considered in three ways: (1) there are different types of
issues (the four problem structures); (2) different policy actors define issues
differently, for example, a well-structured problem to a scientist may appear
as unstructured to a member of parliament; and (3) it is possible for issues to
move from one category to another, for example, from unstructured to well-
structured or vice versa.

It is clear that great care, and considerable reflexivity, must be exercised
in characterizing particular issues. Leith et al. (2014) explore this view in
developing a diagnostic model for linking science, society, and policy for
sustainability. Drawing on insights from a series of case studies, they argue
that there are “a variety of ways in which interactions between science and
decision-making are consistently structured by recurring characteristics”
(Leith et al. 2014, p. 168). This leads them to focus on the analysis of operat-
ing environments as a means for informing the characterization of prob-
lems and the kinds of responses that might be proposed (Figure 3.1). They
argue that

Issues, stakes and boundary spanning can be considered to constitute
the “operating environment” that affects whether and how sciences can
have an impact on decision-making. An operating environment is an
emergent property of elements as diverse as an advertising campaign,
a well-networked policy entrepreneur, and a storm event that threatens
coastal homes. It is neither deterministic, nor fully tractable to an ana-
lyst. Any analysis of an operating environment will be partial. Among
stakeholders there will be diverse interpretations of operating environ-
ments, and much understanding will be tacit, vaguely articulated, or
contested. (Leith et al. 2014, p. 169)

Through detailed and participatory explorations of specific operating envi-
ronments, it is possible to characterize issues in ways that open up multiple
avenues for boundary spanning (Table 3.6) and avoid proposing silver bullet
solutions. Particular “operating environments” manifest in specific science—
policy (Van Enst etal. 2014), science—policy—practice (Weichselgartner and
Kasperson 2010), knowledge—-governance (Clarke etal. 2013; Bremer and
Glavovic 2013), and knowledge arrangement (Janssen et al. 2014; 2015) inter-
faces. Importantly, for Leith etal. (2014, p. 168), the effectiveness of such
science—policy programs is not achieved through a single means but “through
a combination of ‘design elements”” which can be “mutually reinforcing.”

A critical element in improving the impact of science on decision-making
is that proposed information exchange activities are appropriate to the
specific circumstances in which they are to be implemented: cookie cutter
approaches to knowledge transfer and exchange should be avoided. Within
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1. Analyze operating environment

3. Specify interventions

ISSUES Reconsider boundary
design elements

WHAT ARE How might alternative products, processes,
THE ISSUES? \ actors (roles, responsibilities, and

relationships) and institutional elements
affect the operating environment?

BOUNDARY
SPANNING
How do relationships, organizations, objects (¢.g.,
report cards) and institutions affect the way the 2. Assess prOblem structure
issue is understood by different stakeholdgrs?
\ Understand problem
structure
STAKES How is the operating
environment for science
WHAT IS AT STAKE, structured in terms of stake,
FOR WHOM? values, interests, bridging/
boundary spanning, place, and
uncertainties?

FIGURE 3.1
Schematic process for diagnosing and intervening in the operating environment for sciences.
(From Leith et al. 2014. Environmental Science and Policy, 39, 170.)

TABLE 3.6
Key Design Elements of Boundary Spanning

Element and Focus Explanation

Science communication (product ~ Development of boundary objects.

focus)

Informal linkages (relationship Where problems are poorly structured or unstructured,

focus) building informal linkages among key stakeholder
groups can begin to create mutual understanding of
stakes and values across groups, thereby allowing
clearer definition of issues.

Brokering/intermediary (actor The building of capacity within organizations that
focus) manage problems in which science and community

values are both important.

Temporary organization Temporary organizations or projects used to address
(structure/network focus—e.g., complex issues and/or short-term imperatives.
reference groups)

Boundary organization Long-lived, persistent wicked problems, managing
(organization focus) complex conditions, often within multiple

organizations.

Source: Leith, P. et al. 2014. Environmental Science and Policy 39: 162-171.
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this context, O"Toole et al. (2013, pp. 208-209) highlight the importance of
participatory stakeholder engagement and introduce the concept of participa-
tory logic, which they summarize as follows:

¢ Institutionalize the processes that derive from stakeholder copro-
duction and comanagement (not just ways of bringing the public
into technical decisions but significant deliberation over aspects of
the design, which requires some convergence in terms of allocation
of value).

e Enhance the capacity to make meaningful decisions about issues of
importance in an ongoing way thus allowing for the update of sci-
ence input as well as changing social knowledge.

® Include all stakeholders in the process, which is an issue of justice
and equity.

e Ensure central policies enable participation by stakeholders at the
local level, the outcomes of which are fed back to central policies and
programs.

* Allow and develop pathways for the uptake of diverse knowledge
systems, including building the capacity of all stakeholders to com-
prehend other forms of knowledge.

Informed by Stojanovic et al. (2009), O'Toole et al. (2013, p. 209) argue that
institutionalizing interactive and participatory knowledge exchange is “not
a matter of mere dissemination of knowledge, but rather the development
of platforms where the range of stakeholder knowledge can be deliberated,”
where such platforms can be considered as an intersecting matrix of specific
participatory mechanisms available within a particular situation.

3.5 Conclusion

While the role of science in coastal and ocean decision-making is clearly
complex, it is possible to develop science policy programs that can enhance
the contribution of science to decision-making, and that this can occur in
ways that are respectful of other legitimate forms of knowledge. However,
there is clearly significant room for improvement in the ways in which
these mechanisms can be designed and implemented, as recognized by
Cvitanovic et al. (2015), and Van Enst et al. (2014). For Cvitanovic et al. (2015,
p- 32), such improvements could be gained from the generation of “quan-
titative empirical evidence” in order “to understand how the relationship
between science and decision-making varies amongst locations and under
different conditions.” They also suggest that there is merit in developing
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methods to evaluate knowledge exchange activities and embedding them in
research programs; determining the specific expertise and skills required
by individuals to successfully engage in knowledge exchange; and under-
standing the potential of how new and evolving social media can be used
to enhance knowledge exchange. We consider that while such suggestions
may be useful in some circumstances (i.e., those where there is limited
disagreement), they will be less useful in more complex and contested cir-
cumstances. By contrast, Van Enst et al. (2014, p. 20) identify issues for fur-
ther research that might provide broader insights into marine and coastal
knowledge dynamics—namely,

* What are the processes and strategies through which science—policy
interactions take place and to what extent can they be influenced?

* How are science—policy interfaces enabled and constrained by
social, economic, and political dynamics, and what other contex-
tual factors influence the performance of science—policy interfaces
(SPIs)?

¢ In what manner can design principles be formulated for science—
policy interfaces in addressing a diverse set of problems in specific
contexts, and in particular, to what extent can science—policy inter-
faces be complementary to each other?

¢ To what extent does an increased level of credibility, legitimacy, and
salience in knowledge, established through the use of SPIs, lead to
enriched decision-making on environmental issues?

We commend these suggestions as potentially fruitful avenues for
investigation, particularly the focus on identifying what design elements
might be of most value for science—policy programs in particular circum-
stances (Leith et al. 2014). We also see merit in learning from “success-
ful” examples of science uptake (Keneley et al. 2013) and in broadening
the scope of science—policy scholarship beyond its focus on the physical
(natural) sciences, to consider the ways in which social science knowledge
informs environmental governance in general, and ocean and coastal
governance in particular. A stronger focus on understanding the contri-
bution of social science knowledge would seem to be particularly useful
given that effective ICZM is as much, if not more, a social challenge as it
is a technical one.

More broadly, we consider that ethnographic and action research into the
cultural and social dynamics operating within particular settings is likely to
be insightful as it takes seriously the discursive dimensions of coastal knowl-
edge exchange (Nursey-Bray et al. 2014). Such an approach shifts the focus
from knowledge exchange to the ecology of knowledge, which broadens the range
of “knowledges” considered and the range of actors recognized as having
a stake in the debates, and focuses attention on the dynamics involved. It
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also highlights that knowledge dynamics always occur in particular cir-
cumstances, such that what works in one place may not work elsewhere.
Consequently, we are mindful that such issues are always political. Perhaps
the biggest gains in coastal and ocean management may be found in more
democratic and transparent governance. Given this, it is pertinent to con-
clude with more wisdom from Latour (1998, p. 209):

To the old slogan of science—the more disconnected a discipline from
society, the better—now resonates a more realistic call for action: The
more connected a scientific discipline, the better.
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4.1 Introduction

More than 60% of the world’s ocean is beyond national jurisdiction.
Governance of that portion of the ocean is necessarily global, as introduced
in Chapter 2 and developed in more detail in this book. Moreover, for many
reasons—some primarily political and some simply pragmatic—choices by
governments for the policies they set and the management options that
they choose are strongly influenced by governance decisions made at the
global scale (Ridgeway 2014). Hence, the interactions of science processes
and scientific information with policy-making at the global scale have
implications not just at the global scale but also at regional, national, and
subnational scales. In this chapter, I will explore how those interactions
play out in the real world, primarily at the global scale, drawing from the
scientific literature, reports of intergovernmental agencies, and personal
experience.

Although a significant portion of my career has been spent as a research
scientist in government and academia, for the past decade a primary duty
has been to serve as science advisor to either Canadian delegations attend-
ing meetings of United Nations (UN) working groups and intergovernmen-
tal organizations (IGOs) or occasionally as a resource expert for the IGOs
themselves. From that perspective, I have been able to experience how the
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science—policy interface actually operates in global governance. In this chap-
ter, I will draw on literature and IGO documents when possible, as well as
experiential knowledge, in my observations and conclusions.

4.2 Characteristics of Global Ocean Governance

At the global level, countries explicitly acknowledged the need for a sound
science foundation for ocean policy in the World Summit on Sustainable
Development (WSSD) Plan of Action, when it called on the UN to “estab-
lish by 2004 a regular process under the United Nations for global report-
ing and assessment of the state of the marine environment, including
socio-economic aspects, both current and foreseeable, building on existing
regional assessments” (UN 2002, para 36b). However, many previous agree-
ments had unquestioned roots in sound science, as summarized in Garcia
et al. (2014a). This does not mean that all available scientific information has
been translated into appropriate ocean policy or that all ocean policy has
firm scientific foundations. To understand where science—policy coherence is
stronger and where it is weaker, it is necessary to consider the special char-
acteristics of global ocean governance from the perspective of how it uses
scientific information.

One of the characteristics of ocean governance with important implica-
tions for the role of scientific information in the science—policy interface is
that governance and management are sectoral. This situation is increas-
ingly criticized as leading to fragmentation of policy-making (Ban et al. 2014;
Druell et al. 2012), but it has been and will continue to be the reality, even
if mechanisms for greater high-level coordination are found. This means
that there are many intergovernmental institutions, each with a mandate for
policy and management of a particular sector such as fishing (e.g., the Food
and Agriculture Organization of the United Nations [FAO], and regional
fishery management organizations and arrangements [RFMO/As]), shipping
(International Maritime Organization [IMO]), seabed mining (International
Seabed Authority—ISA), dumping (London Convention & Protocol), and
pollution (Regional Seas Conventions). Each organization requires science
support for its policies and programs, and each has its own body to provide
such support (Table 4.1).

There may have been a time when it was reasonable for each organization
to get science support from a custom-designed source. Their separate man-
dates meant that they were developing policies and programs to address
different issues. Thus, each organization required a different mix of exper-
tise and could restrict the “relevant data” to the core information needed
for its restricted mandate. The ecosystem approach has rendered that view
less tenable. In a check of the websites of 14 major IGOs with at least partial
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TABLE 4.1

lustrative List of IGOs That Require “Official” Science Advice in Order to
Discharge Some Parts of Their Mandates, Including the Type of Group from Which
They Routinely Receive Advice, and the General Operating Procedures of the

Advisory Group
Area of
Organization Activity Type of Group Operations
FAO Fisheries Expert Invited scientific experts matched to
consultation specific meeting terms of reference.
May be supported by contracted
experts. Topics prioritized by
Committee on Fisheries (COFI);
experts invited by the Secretariat.
CBD Biodiversity Expert Invited scientific experts matched to
conservation workshops specific meeting terms of reference.
and ad hoc May be supported by contracted
technical experts. Topics for meetings
expert groups referred by the biannual conference
of parties. Experts nominated by
parties and final selection by the
Secretariat.
ISA Seabed mining Legal and LTC members elected by member
Technical states for fixed terms; members
Commission advise on scientific and legal issues
(LTC) and referred to them by the Council.
working May be supported by expert
groups working groups or special panels
invited to address specific issues,
with experts nominated by states
and final selection by the Secretariat
IMO Shipping and Maritime Membership appointed by states that
transport Environmental are members of IMO. Responds to
Protection requests for advice from the
Committee Council.
10C Oceanography ~ Mixture of Work and science products usually
and ocean thematic and coordinated by permanent staff
science regional supported by experts and working
science groups with members nominated
programs and by states and selected by IOC.
subcommittees Program of work approved by the
Council.
RFMOs Fisheries Generally have Generally scientific committee made

standing
scientific
committee or
subcommittee;
or use
scientific body
such as ICES

up of members appointed by
member states. Requests for advice
come from the Policy or
Management Council of the
RFMOs. May be supported by ad
hoc working groups created by
Council with memberships
appointed by member states.

(Continued)
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(CONTINUED)
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Mlustrative List of IGOs That Require “Official” Science Advice in Order to
Discharge Some Parts of Their Mandates, Including the Type of Group from Which
They Routinely Receive Advice, and the General Operating Procedures of the

Advisory Group
Area of
Organization Activity Type of Group Operations
Regional Seas Marine Generally have Generally scientific committee made
organizations environmental standing up of members appointed by
quality scientific member states. Requests for advice
committee or come from the Policy or
subcommittee; Management Council of the
or use Regional Seas organizations. May
standing be supported by ad hoc working
scientific body groups created by the Council with
such as ICES memberships appointed by
member states.
UN General Regular Process ~ Group of Group of experts nominated by
Assembly for World experts and states and selected by UN groups of
Ocean teams of countries. Members of teams of
Assessments authors authors nominated by states,
selected by the group of experts
with approval by the UN Ad Hoc
Working Group of the Whole
Bureau.
GESAMP All marine Scientific Steering body of 16 experts who act
science experts in in an independent and individual
many capacity. Studies and assessments
disciplines are usually carried out by dedicated

working groups, with members
nominated by IGOs or states.

Note: For REMOs and Regional Seas organizations, the corresponding row entries are typical
practices. In all cases, there are exceptions to these general procedures, but the generic
scientific culture is described.

ocean mandates, every one of them stated they had adopted the ecosystem
approach as a part of their overarching policy framework. The details of
how the ecosystem approach was defined differed among organizations, but
in all cases it included both taking the state of environmental forces into
account and accepting responsibility for the larger footprint of their sec-
tor on the ocean (Rice et al. 2014b). Now there is substantial overlap in both
the expertise and information needed by agencies with differing mandates.
Inconsistencies in how the same information is interpreted by separate sci-
ence advisory agencies to different organizations undermines the credibility
of the advisory processes of both agencies, as the scientific information may
be viewed as politicized and no longer objective from either perspective.

A direct consequence of IGOs adopting an ecosystem approach is that
there is now a necessary overlap in the science support needed by the
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various organizations. One type of overlap arises because the basic physical
oceanographic drivers of each sector are likely to be similar—for example,
expressions of temperature, salinity, stratification, and currents—even if the
details relevant to the individual sectors are not the same. Another more
subtle but important type of overlap arises from the footprint aspects of the
ecosystem approach, as the footprint of one sector—habitat impacts, pollu-
tion, changes in biotic community composition—may be an important driver
of the inputs to some other sectors.

Superficially, the move to an ecosystem approach might be taken as posi-
tive for the science—policy interface, since it presents obvious opportunities
for coherence of science input to sectoral management. However, the history
of separate science advisory processes for the various sectors casts a long
shadow. Separate scientific subdisciplines have arisen to support different
sectors. Different sectors often prefer different data streams, use different
technical terms, give greatest credence to different analytical methods, and
manage risk from different perspectives. These differences have been well
documented for areas as similar as assessing trends in exploited fish stocks
and in species potentially at risk of extinction (Mace et al. 2014), as have some
of the implications that the differences have for policy-making.

In addition to the methodological and technical language barriers to greater
commonality of science support for the ocean sectors, there is another legacy
of the long history of each governance body having its own science advisory
process—the legacy of trust. This topic will be explored in greater depth
as part of the illustrative case below. However, its influence on the science—
policy interface for global ocean governance cannot be understated. At a
tisheries-biodiversity workshop sponsored by the Convention on Biological
Diversity (CBD) in cooperation with FAQ, a list of possible ways to improve
the consideration of biodiversity in fisheries assessments was developed.
Some participants whose entire careers had been aligned with the fisheries
sector opposed including in the list of options the establishment of a practice
of inviting CBD to provide marine biodiversity experts from its network to
participate in fish stock assessment meetings of RFMOs (CBD 2012). Similar
perspectives have been expressed at biodiversity workshop steering com-
mittees on which I have sat, where committee members may seek academic
fisheries expertise but not if it comes from experts involved in the actual
management of fisheries. The rationale is the same in both cases: there is an
acknowledgment of the need for broad input but a distrust of the reliability
of experts who are closely aligned to the “other” sector.

A second feature of global ocean governance that has important implica-
tions for the use of scientific information is that the more global an organiza-
tion is, the more likely it operates as a consensus body. For regional sectoral
groups such as RFMOs, there may be formal objection procedures (e.g.,
Article XIV, para 2, of the Northwest Atlantic Fisheries Organization (NAFO)
Convention, NAFO 1978), and even for global bodies, countries that cannot
subscribe to a near-consensus can enter a reservation in meeting decisions
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(e.g., table 2 of the Annex to CBD Conference of Parties (COP) Decision
XII/22, CBD 2014). However, such footnotes or objections are usually reg-
istering some point of substantial national interest that may modify how a
conclusion is applied, but do not change the conclusion fundamentally.

Because global governance bodies generally work by consensus, they
will not move faster than the most skeptical states or parties participat-
ing in the meeting. This often tries the patience of science advisors who
are asked to input scientific and technical information to inform the nego-
tiations. From the perspective of the experts’ discipline, the information
may appear clear and relevant to the debate, and they are confident the
methods used to collect, analyze, and interpret the information were sci-
entifically sound. The implications of the scientific input for the parts of
the governance conclusions that should be consistent with sound science
should, therefore, be simple and straightforward, yet consensus may still
require long debates and substantial compromise. As is perhaps best docu-
mented in the debates at the Intergovernmental Panel on Climate Change
(IPCC), in the end the scientists may not recognize the outcome as built on
their inputs (cf. Stavins, 2014) and certainly do not feel full use was made
of the science advice.

Having often been in this situation personally, I can highlight three aspects
of the consensus process that contribute to this perceived underutilization of
the input of scientific information. Firstly, the science community tends to
bound the problem to be addressed in policy with the boundaries of their
scientific discipline. Although this is hard to document from the meeting
floors where negotiations are occurring, journal articles where science is
presented in policy contexts may invoke externalities when developing their
policy conclusions as if the externalities were actually outside the scope of
the problem, and not just outside the scope of the information they use to
find a solution. The bounding can be justified in the world of research, but
the ocean policy agenda is not neatly partitioned into scientific disciplines,
even if management is largely sectoral. The same fisheries policy issue may
be about food security and livelihoods to some countries and economic opti-
mality in others (HLPE 2014). Therefore, different perspectives among coun-
tries on what factors bound the policy question make finding consensus a
slow and often painful process, leaving many science advisors wondering
what value is really given to their inputs.

Secondly, consensus is not some final outcome but a standard that has to
be reached at many steps on the pathway to a final agreed text. The first
consensus is primarily on the soundness of the basic science; it is rarely
reached explicitly at the negotiation sessions, but nevertheless is a consid-
eration in play during the negotiations. Dueling experts at a policy session
are not unknown, but as the earlier referenced debates about species-at-risk
listing for commercially exploited marine species has highlighted, they are
unhelpful. Experienced science advisors endeavor to find ways to resolve
such issues before formal policy negotiations commence.
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The second step in the consensus process is often not acknowledged, despite
its importance. Some formulations of decision theory (e.g., Montgomery
2005) highlighted that when errors do occur, they can be either errors of
omission or of commission; that is, misses or false alarms. In the world of
global ocean policy, these notions of misses and false alarms have close par-
allels. Misses are policies that fail to effectively address issues where practice
has to change if uses are to be sustainable. False alarms are policies that are
overly intrusive, restricting human activities beyond the degree needed to
achieve sustainability. The costs of misses and false alarms are distributed
very differently, with the costs of misses largely borne (in the short term) by
the environment, and the cost of false alarms largely borne by the economic
and social interests (Connor and Cooper 2014, Rice and Legaceé 2007). The
relevance of this decision framework is that different participants in global
governance are very likely to have different risk tolerance profiles for misses
versus false alarms. This difference could be the case whether the policy
interactions are between bodies with primarily conservation mandates and
those with primarily industry-regulation mandates, or between parties
within a governance body where some countries are willing to defer gener-
ating wealth to reduce environmental impacts whereas others are willing to
accept the possibility of greater environmental impact in order to increase
economic or livelihood returns.

Often the scientists producing the input information for a policy dis-
cussion assume that if the data and analyses are accepted as sound, a sci-
ence-based consensus is within sight. This assumption does not allow for
legitimate differences among agencies or parties in risk tolerance for misses
and false alarms. Even if there is consensus on the information and the rela-
tive risks of misses and false alarms, there is no reason to assume there will
be consensus on what balance of misses and false alarms is acceptable (Mace
et al. 2014; Rice and Legace 2007). The negotiations can be long and tension
filled, as the participants seek consensus on policy reflecting an acceptable
balance of those risks. No amount of scientific effort to increase clarity about
the magnitude or nature of the risks can be expected to resolve, on some
objective basis, those underlying differences in the tolerances for misses and
false alarms. Scientists raised in the “knowledge is power” mind-set may
have trouble accepting this limitation on that “power.”

The third aspect of consensus-based decision-making in most global
governance bodies is that the relationship among scientists, formal science
advisory processes, and governments is not a global constant. Related to
that, the boundary between what is scoped within legitimate science and
science advisory activity, and what is scoped as within the domain of policy
makers and outside the legitimate business of science advisors varies much
in parallel. This may be well illustrated by the reports of the UN Ad Hoc
Working Group of the Whole (AHWGW) on the Regular Process for Global
Reporting and Assessment of the State of the Marine Environment, includ-
ing Socio-Economic Aspects (Regular Process). The groundwork for the
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Regular Process was laid in the Assessment of Assessments (UNEP and IOC-
UNESCO 2009). In this report, the global landscape of marine assessments
of ecological, economic, and social aspects of the ocean was reviewed, and
best practices for a fully integrated assessment were presented and justified.

Based on the foundation described above, the Group of Experts appointed
by the UN to conduct the first World Ocean Assessment (WOA) expected
timely approval of both an outline of the assessments and the modalities
under which it would be prepared (UN 2015a). Such was not the case; all
states strongly supported a science-based WOA. However, ideas about what
a science-based assessment would and would not address were far from uni-
versal. The workshop reports highlight the protracted discussions among
states about the parameters within which the WOA would be conducted.
Germane to this chapter, one point of contention among states was the extent
to which the WOA would provide policy advice. At the crucial point in this
discussion a series of progressively more restrictive options were laid out.
All began with the equivalent of “the WOA will assess the status and trends
of the ocean environment and economic and social benefits from uses of the
ocean at global and regional scales.” The options for what else would be
done on these scales can be paraphrased as

1. The WOA will tabulate policies in place, relate the policies to the
trends, and recommend policies that have resulted in improved
ocean status and improved economic and social benefits.

2. The WOA will tabulate policies in place, relate the policies to the
trends, and report their findings.

3. The WOA will tabulate policies in place and merely report the types
of policies currently in place, but not link them to the status and
trends.

4. The WOA will report status and trends (as per above) and “factors”
that may be causing the trends, but will neither selectively tabulate
policies nor explain trends as due in part or in whole to the presence
or absence of specific policies.

Each of the options had support from some states, with regional differences
prominent in the discussion. A portion of the states active in the AHWGW
argued that only Option 4 was appropriate for a science-based assessment,
and anything more would be straying into the domain of policy-making. As
a consensus process, that option was the final guidance given to the Group of
Experts by the AHWGW as the only option that all states agreed was within
the legitimate scope of operation of scientific and technical experts. Any of the
options for more attention to policy tabulation and analysis were beyond the
tolerance of some states, and therefore outside the final consensus.

Some of the differences among countries in the location of the science—
policy boundary might be attributed to differences in science capacity to
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both inform policy development and conduct policy analysis (Anon 2012).
However, some portion of the differences around the global are cultural
and institutional, and as experts work in truly international settings, they
find the boundaries between science and policy that characterize Western
Europe, the United States, Canada, and a few other countries are located dif-
ferently in other regions. These differences have important implications for
both how and how much scientific information can support policy develop-
ment. Easy resolutions to these cultural and governance differences are not
obvious.

A final feature of global ocean policy-making also influences the impact
of scientific and technical information substantially. Global agendas are
becoming increasingly complex and integrative, which has both positive
and negative aspects. On the positive side, the increasing drive to integrate
can contribute to the desired coherence of policies, whether across sectors of
human activities or among the social, economic, and environmental aspects
of policies and decisions. The greater coherence, in turn, is expected to
increase the likelihood that the policies and programs will actually deliver
expected outcomes, or at least move them in the desired direction (Charles
et al. 2014).

On the negative side, it is becoming increasingly difficult to evaluate poli-
cies and plan future pathways based on the scientific and technical informa-
tion that is provided. This difficulty is not solely an issue of social sciences
needing to be integrated with the biological, physical, and chemical sciences,
although such integration is certainly required (Rice et al. 2014b; UNEP and
IOC-UNESCO 2009). Agendas of human rights, equity of distribution of ben-
efits, indigenous peoples, and traditional/experiential knowledge are now
inseparable parts of global governance discussions. At the UN meetings of
the Ad Hoc Open-Ended Informal Working Group to study issues relating to
the conservation and sustainable use of marine biological diversity beyond
areas of national jurisdiction (BBN]J Working Group), access to marine
genetic resources and sharing the benefits from their commercial develop-
ment are dominating much of the discussion (UN 2015b). Scientific infor-
mation on the current commercial products derived from marine genetic
sources, their value in trade, and projections of the potential for development
have informed debate at the BBN] Working Group meetings and discussions
during the negotiation of the Nagoya Protocol for the CBD (CBD 2010). The
policy debate is certainly informed by the scientific reports. However, the
scientific information is not able to resolve the question of whether these
resources are available according to the freedom of the seas or are the com-
mon heritage of (hu)mankind, yet the policy discussion blends these issues
to a significant extent.

This blending of scientific and technical issues with issues of human rights,
gender, equity, and so forth, occurs at the sectoral level as well as the UN
working group level. The FAO work on small-scale fisheries ended up pro-
ducing guidelines that characterized not just such fisheries, their challenges
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and their benefits, but placed the guidance in the context of food security
and poverty eradication, with environmental considerations of small-scale
fisheries receiving little attention (FAO 2014).

It is certainly possible to disentangle the natural sciences, social sciences,
and humanitarian/human values dimensions of these global issues. The
2014 report of the FAO High-Level Panel on meeting food security needs that
addressed the role of marine and freshwater food products very effectively
partitioned the various aspects of the complex issue of food security and the
seas (HLPE 2014). The relevance to the topic of scientific information and
global governance is that the report could not be prepared without dealing
with the full spectrum of issues associated with food security. It is a com-
paratively straightforward scientific challenge to document the nutritional
value of fish to coastal fishing communities. It is more complex when the
policy decision includes, as part of the problem, the rights implied for those
coastal communities, given the nutritional information. The time when nat-
ural science experts could partition off the parts of complex policy issues
informed by natural science, address them, and leave the social science and
human rights issues for other experts in other fora is fading fast. There is
every reason to expect that these issues will become even more intertwined
in the future, with further implications for how scientific and technical infor-
mation will be used in the science—policy interface.

4.3 Case History: Ecologically and Biologically Significant
Areas and Vulnerable Marine Ecosystems

Interest in spatially based approaches to conservation and management of
the world’s marine areas has been growing for at least the past two decades
(Ehler and Douvere 2009). Correspondingly, both nongovernmental organi-
zations (NGOs) with marine conservation interests and IGOs with marine
regulatory or conservation mandates have recognized the value of prioritiz-
ing areas of particular importance for conservation and protection efforts.
The names associated with the priority areas vary with the organization.
However, in all cases the role of scientific information in the prioritization
process is explicitly acknowledged, usually through the identification of cri-
teria to be applied in meetings of scientific experts. Aspects of these pro-
cesses and their outcomes have been described in a number of publications
(Clark et al. 2014; Dunn et al. 2014), but the ways that scientific information
has been used have not been reviewed.

For several reasons, the FAO processes and criteria for identifying vulnera-
ble marine ecosystems (VMEs) and the CBD processes and criteria for describ-
ing areas that meet the criteria for ecologically and biologically significant
areas (EBSAs) are a particularly useful pair of case histories that illustrate
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the effects of many of the contextual issues presented in the preceding part
of this chapter. First, both processes have similar goals—to identify areas of
the ocean where management needs to be more risk averse than whatever
standard is being applied in the larger areas in which the VMEs or EBSAs
are being identified. Second, the same basic scientific and technical informa-
tion was used to develop criteria for both types of areas, and the same infor-
mation is needed in the regional-specific applications. Third, there is even
overlap in the experts who have participated in both developing the criteria
and in their application. With these strong similarities, one would expect
substantial similarity in how VMEs and EBSAs inform management. Such
expectations are only partially realized. To understand the causes of the dif-
ferences in practice, it is necessary to review the origins of the two initiatives.
Their histories are presented in detail in Rice et al. (2014a), but the highlights
relative to this theme can be summarized briefly.

The VME initiative arose from a multiyear debate at the UN level on a
proposal to ban bottom trawling on the high seas. The rationale was that
such fishing gears may cause substantial alteration to the seafloor, and recov-
ery of seabed habitats and benthic communities from such alterations could
take many decades to centuries, if possible at all; some interested groups
referred to bottom trawling as categorically a “destructive fishing practice”
(FAO 2010). More generally, it was also argued that the species exploited in
high seas fisheries were easily depleted and slow to recover (Hutchings and
Kuparinen 2014; Wright 2014), although this was not a reason to selectively
ban one specific fishing method. Counterarguments were that almost every
method of fishing might have detrimental impacts, but the impacts could
be managed and made sustainable if the place, time, and method of bot-
tom trawling were appropriately controlled. The debate culminated in UN
Resolution 61/105, which required states and RFMOs to only allow fish-
ing with bottom-contacting gears if the locations of VMEs within the gen-
eral area being fished were known and those areas were either avoided or
the gear was used in ways that did not cause serious adverse impacts to
such ecosystems. This resolution resulted in the FAO developing Voluntary
Guidelines for the Management of Deep-Sea Fishing on the High Seas (FAO
2009), including criteria for determining what constituted a VME.

The CBD initiative arose from the momentum to identify and designate
marine protected areas (MPAs). The general interest in MPAs received
global policy endorsement at the WSSD, which called for states to “[d]evelop
and facilitate the use of diverse approaches and tools, including ... the
establishment of marine protected areas ... [and] representative networks
by 2012 and time/area closures for the protection of nursery grounds and
periods” (UN 2002, para 32¢). Although many conservation interests picked
up that call, the first UNEP-CBD Ad Hoc Open-Ended Working Group on
Protected Areas produced the request for criteria to inform the selection
of areas to be prioritized for inclusion in MPAs and networks of MPAs
(UNEP 2005).
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Both the FAO and CBD followed the same general science practices of
expert workshops, followed by a technical meeting of parties, each with a
mandate to conduct quality assurance of the scientific workshop products
and organize the results for policy action, and the adoption at a policy forum
for parties (Table 4.2a). Not surprisingly for science-based processes, the
criteria for describing areas that may be EBSAs or VMEs have initial simi-
larities (Table 4.2b). However, the contextual considerations had already

TABLE 4.2
Scientific Information Pathways and Criteria for VMEs and EBSAs

a: Pathways of Scientific Information to Policy Outcomes in FAO and CBD Processes

Action CBD FAO
Charge to undertake a project ~ Conference of Parties Committee on Fisheries
Assembly of input Notice of project and call for Notice of project and call
information input to parties, IGOs, and for input to parties, IGOs,
NGOs and NGOs
Summarize and interpret Expert workshops by Expert by invitation;
science invitation from national nominations in only some
nominations cases
Interpretation of science Secretariat Secretariat
products for policy
consideration
Quality assurance and Subsidiary body for scientific, ~ Technical consultation with
adaptation of products for technical, and technological participation by all
policy consideration information with interested states and
participation by all interested observers
parties and observers
Policy negotiations and Conference of Parties Committee on Fisheries
adoption

b: Criteria for VMEs and EBSAs

FAO—VME CBD—EBSA

Uniqueness or rarity Uniqueness or rarity

Functional significance of the habitat Special importance for life-history stages of
species

Life-history traits of component species that
make recovery difficult®
Importance for threatened, endangered, or
declining species and/or habitats?

Fragility Vulnerability, fragility, sensitivity, or slow
recovery
Structural complexity Biological productivity

Biological diversity
Naturalness

* The VME criterion applies to a specific type of species but not their habitats, whereas the
EBSA criterion applies to a class of habitats for species that have been selected based on other
criteria.
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influenced the products and processes in several ways that had important
consequences.

The differences in the wording of the criteria reflect directly the tolerances
of the organizations for misses versus false alarms in describing areas in
need of more risk adverse management. There are fewer VME criteria than
EBSA criteria, and the VME criteria are more generic. There is as little over-
lap as possible among their coverage, although features such as structural
complexity and functional significance will often coincide. The EBSA criteria
have much more overlap, with productivity and diversity crossing nearly
completely with the other criteria when applied. At the stages of the scien-
tific workshops, great similarity was present in the types of areas identi-
fied as needing to be covered by criteria. At each subsequent stage, however,
the FAO and CBD applied their respective risk tolerance profiles for misses
and false alarms. The dialogue at the FAO technical consultation focused
on avoiding duplication, so ideally a given area would have to meet a sin-
gle criterion very well, and areas would not be called VMEs just for being
somewhat above average in several features. For the CBD final expert group
and the Subsidiary Body on Scientific, Technical and Technological Advice
(SBSTTA), there was concern that no areas be missed, so the criterion with
explicit mention of threatened or endangered species was added just in case
some area known to support populations of such species would be an EBSA,
even if no other criteria were met. Consequently, the same scientific infor-
mation and the same general goal were met in two different ways, with one
focused on avoiding the requirement to unnecessarily regulate an activity,
and the other focused on as high an inclusiveness as possible.

The differences between the VME and the EBSA processes become even
greater when the outcomes of their application are reviewed. Both CBD and
RFMOs have used expert workshops as their fora for application of their cri-
teria, and in several cases they include some of the same experts, as well as
others with traditional working affiliations to the respective hosts. A review
in 2010 found that every RFMO with competence for bottom fisheries had
commenced application of the VME criteria, and most had identified some
areas as VMEs (FAO 2011). However, in every case, the RFMOs had also
noted that application of the criteria was hampered by inadequate guidance
on metrics and threshold values, incomplete databases, and lack of capac-
ity. With few exceptions, when the RFMO processes encountered those chal-
lenges, the VME identification process was suspended. The areas of high
uncertainty were usually not identified as VMEs, although often states
noted they were not presently fishing the specific areas, so there was time to
improve the information before a decision on VME status was needed.

In the case of CBD workshops, incomplete databases and less than full
guidance on application of the EBSA criteria were also encountered. However,
the CBD criteria were applied in regional workshops organized by the CBD
Marine and Coastal Secretariat, together with regional hosts. Workshops in
regions weak in scientific and technical capacity were preceded by capacity
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building workshops, and each application workshop opened with presenta-
tions on the criteria and the processes for their application. As experience
was gained, those presentations became increasingly detailed, with each
workshop empowered to go as far as possible in applying the criteria to the
available information. In fact, over time, the single concept of an EBSA was
partitioned into several different types of EBSAs to deal with biological fea-
tures whose position varied seasonally or interannually, and to accommo-
date different degrees of uncertainty about the exact location of a feature.
Boundaries were interpreted generously, which meant that the discussion
of more risk aversion in management would be triggered whenever there
was some evidence that EBSA criteria could be met. From my perspective
as cochair of three regional workshops, it seemed that areas that were sug-
gested as EBSAs were not accepted by the working group only in cases of
nearly complete absence of data. The difference in outcomes can be illus-
trated with Figure 4.1, which shows the VMEs identified in the northwest
Atlantic by NAFO (thick lines) and the EBSAs in nearly the same area identi-
fied by the respective CBD regional workshop (dashed lines).

This contrast of processes and outcomes is not intended to present either
set as the “right way,” but to illustrate how these global considerations affect
the actual scientific and technical use of information (and uncertainty) as
well as the ultimate decisions. In the case of identifying an area as a VME,
there was an immediate and obligatory management consequence, as a
result of UN Resolution 61/105. Bottom fishing had to be carefully managed
or else the area would be closed to such fishing. In the case of identifying
an area as meeting EBSA criteria, the only immediate policy or manage-
ment consequences were that the UN General Assembly, other IGOs with
marine mandates, and parties were notified of where areas meeting EBSA
criteria were located and what criteria the areas had met. What the General
Assembly, IGOs, and parties did with that information was up to the orga-
nization or party. Each group could then place the EBSAs within their own
histories and have the experts with whom they had greatest comfort decide
on appropriate follow-up. Even so, the consensus process of global gover-
nance affected the EBSA description, as several specific areas were removed
from the Annex tabled at CBD COP XII because single parties questioned
their identification on various grounds (CBD 2014).

In addition, the differences among parties in their perception of the bound-
ary between science and policy played a major role in negotiating the text on
follow-up activities for areas that had been accepted as meeting one or more
EBSA criteria. The initial text of the paragraph outlining follow-up activities
that parties might consider included the possibilities of assessing “status of,”
“trends in,” and “pressures on” biodiversity in the areas meeting the criteria,
and of preparing inventories of human activities in those areas that might
place pressure on biodiversity. All those terms were within the comfort zone
of some participants in the discussions. However, full consensus could only
be reached on assessing that status of biodiversity in the areas, and that is the
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FIGURE 4.1

Map of the Northwest Atlantic Ocean showing the VMEs that have been identified by NAFO
(thick solid lines) and the areas that have been accepted as meeting EBSA criteria by CBD COP
XII (dashed lines). Note that (with one exception) neither the VME identification process nor the
CBD EBSA description process considered areas within the 200 mile exclusive economic zone of
the bordering countries (thin solid lines). The gray areas represent the depth contour shading.

text of the final decision (CBD 2014). It should be noted that parties are free
to conduct other biodiversity assessments as they feel appropriate, taking
account of their jurisdictions and competencies of organizations with whom
they partner. However, the consensus call for action is quite restricted, and
even that call is modified by some “as appropriate” and “if they choose.”
The purpose of this case history is not to highlight any particular strengths
or weaknesses in either the FAO or CBD processes. Beauty will remain in the
eye of each beholder. Rather, the intent has been to draw out how differently
organizations can travel paths from a common corpus of scientific and tech-
nical information to outputs that synthesize that information and interpret
it in the context of spatially-based conservation and management. Both jour-
neys tried at each step to practice sound science and to produce products that
meet the needs of their parties. However, differences in all the contextual
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considerations—mandates, histories, risk aversion, perceived boundaries
between science and policy, the need to achieve consensus, and perhaps
above all, culture and trust—influenced each step on the journey and shaped
quite different outcomes from similar staring points. The case histories illus-
trate that a common information base and a dedication to sound science by
both organizations does not ensure identical outcomes.

4.4 Implications for the Future

How will these science—policy nuances play out in the future? One can only
speculate, but if the differences are as entrenched in practice as I argue above,
there are implications for most global ocean policy initiatives. I will specu-
late on those implications for two of the major ocean governance issues cur-
rently on the global agenda: the possibility of negotiating an “implementing
agreement” to support the United Nations Convention on the Law of the Sea,
and the development of the next round of sustainable development goals.
The sectoral approach to managing human activities in the open ocean has
had critics for decades. Criticism has escalated since at least WSSD that such
sectoral approaches make efforts to conserve marine biodiversity at least inef-
ficient, and potentially not possible at all (e.g., Gjerde et al. 2008; Tladi 2011). To
explore this issue, the UN called for the Ad Hoc Open-ended Informal Working
Group, which first met in 2006 (UN 2006), “to study issues relating to the con-
servation and sustainable use of marine biological diversity beyond areas of
national jurisdiction.” The BBN]J Working Group held wide-ranging discus-
sions on issues of marine biodiversity and conservation, with the chairs’ report
informing provisions of the annual UN resolution on oceans and law of the sea.
From the outset, some states and NGO interveners argued that existing
governance structures were inadequate for protection of biodiversity and
that a third “implementing agreement” was needed to function in parallel
with, and at the same level as, the UN Fish Stocks Agreement (UN 1995) and
the International Seabed Authority Agreement (UN 1994). Regardless of
the position individual states took on the adequacy of existing governance
instruments, each used science, when convenient, to support their position.
Those arguing that the challenges are primarily insufficient implementa-
tion of existing agreements could use science-based arguments to show how
those existing instruments can use scientific information on status of and
threats to marine biodiversity to manage those threats. Those arguing that a
new agreement is needed could use science-based arguments to show how
many important biodiversity features are exposed to multiple threats, and
managing any one of these is not sufficient to protect marine biodiversity.
The dueling experts can become strident over issues such as high seas
marine protected areas (Caveen et al. 2014; Costello 2014). Under UNCLOS,
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there is no single agency aside from the UN General Assembly empowered to
create a marine protected area in areas beyond national jurisdiction (ABN]J),
but each human use that could threaten biodiversity in a particular area does
have a body empowered to regulate its impacts, including effects on biodi-
versity. The choice of options is thus not a science issue of whether a par-
ticular instrument does or does not work, but a governance issue of whether
regulators for different sectors choose to apply their instruments in coherent
manners (Garcia et al. 2014b). There may be social scientific information to
inform choices of whether that willingness can better be stimulated from the
top down by a new implementing agreement, or motivated from the bottom
up by the increasing accountability of each sector that comes from adopting
an ecosystem approach. However, such information has been not brought to
the debate so far.

The BBN] Working Group meetings evolved during the 2000s to dis-
cuss a set of three issues that collectively have become “the package” (UN
2009; 2010): high seas marine protected areas, a common standard (or pos-
sibly forum) for environmental impact assessment, and access and benefits
sharing to marine genetic resources. The debate has converged on a view
that they cannot be resolved individually, but agreement must nonetheless
be found on all issues in the package. This packaging of issues has added
some complexity to following the threads of scientific information through
this global ocean governance dialogue. Individually, the dialogue at BBN]J
Working Group meetings acknowledged that each issue has a foundation in
scientific and technical information. Correspondingly, it arranged a series of
expert workshops to bring relevant information forward on each separate
issue (UN 2013). Table 4.3 illustrates the diversity of scientific information
and perspectives that were presented. These presentations were augmented
by nine additional written submissions to the workshops from one state, one
IGO, and three NGOs or institutes.

The workshops were well received by BBNJ Working Group delegates, but
the reception provides insight into how scientific information is being used
in this initiative. In particular, the scientific information is not being used
to resolve any of the items on the agenda. Rather, the scientific information
is being used to scope the issues under consideration. In discussions since
the workshops, some experts have expressed disappointment that their
presentations were not taken up as sources of solutions, but the restricted
use is consistent with the features of global governance summarized above.
Using scientific information to support scoping decisions is consistent with
not conceding institutional or state mandate or jurisdiction. The diversity
of experts invited to speak at each workshop ensured that the workshops
touched the comfort zone of the range of participants. From that base, it was
left to the negotiation stage to sort out any contrasting views among experts
on whether to include or exclude items on the inventory of issues raised
by the workshop as a whole. Likewise, the consensus process has reached
only the simpler consensus that the range of perspectives are relevant to



92 Effective Coastal and Ocean Management

TABLE 4.3

Abbreviated Titles of Presentations Made to the Scientific and Technical Workshops
for the BBN]J Working Group Meeting, with the Country of the Presenter

Short Title Country Institution

Basics of marine genetic resources (MGR) China G

MGR in ABNJ—Clarifying terminology and constraining Canada A
expectations

Marine microbiological research and possible applications Japan G

Why should marine genetic resources be conserved? Portugal A

Requirements and approaches for managing the future MGR * N

Marine genetic resources: technical challenges values France G

Environmental aspects of marine genetic resources * I

Access to MGR: collecting organisms and facilitating samples Norway G
and data

Exploring different benefits and benefit-sharing approaches * N

Marine genetic resources: benefit sharing and obstacles USA A

Global regimes on GR [Genetic Resources]: the CBD and the * I
Nagoya Protocol

Global regimes on GR: the food and agriculture, and health France G
sectors

Regional regimes on genetic resources, experiences and best Belgium A
practices

Scientific data about plankton ecosystems—governance EU A
implications

Exchange of information on marine biodiversity research Barbados G

Scientific cooperation and research projects on the Tara EU A
expeditions

Addressing collective marine biotech and bioprospecting EU G
challenges

Relevant activities of the International Seabed Authority * I

Key ecosystem functions and processes in ABN] Chile A

Impacts and challenges of high-seas fisheries to marine Nigeria A
biodiversity ABNJ

Human impacts on fisheries productivity in ABNJ UK A

Impacts on, and challenges to, marine biodiversity ABN]J * I

Overview of new and emerging uses of the ocean ABN]J * I

Trends of new and emerging uses of biodiversity in ABN]J * A

Area-based management tools Netherlands A

Fisheries and spatial management measures in ABNJ * I

EIAs [Environmental Impact Assessments], SEAs [Strategic Canada G
Environmental Assessment], and Biodiversity in ABNJ—
Current arrangements

Gaps and options in EIA on marine biodiversity Philippines A

Social and environmental considerations for management in Barbados G

ABNJ
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TABLE 4.3 (CONTINUED)

Abbreviated Titles of Presentations Made to the Scientific and Technical Workshops
for the BBNJ Working Group Meeting, with the Country of the Presenter

Short Title Country Institution

Scientific expertise and infrastructure for marine biodiversity Norway G
management

Existing regimes, experiences, and best practices * N

Ecosystem services and area-based management Japan A

Trends in cooperation for research, management, and capacity Australia A
building

OBIS [Ocean Biogeographic Information System] and USA A

capacity-building needs for marine biodiversity data

Note: Country provided if listed as affiliated with a national or European Union (EU) site;
whether the presenter’s institution was academic or an international research center (A),
a government department or institute (G), an intergovernmental organization (I), or an
NGO or corporation (N), (*) means that the author(s) did not list a national affiliation.

the discussion, but no consensus on where the balance point among them
might lie.

Even if thisis a limited impact of scientific information on the global issue
of an implementing agreement, it is not a trivial one. Many experienced
negotiators conceded that after five years of policy debate, the presenta-
tions finally helped the BBN]J negotiators commence developing a roadmap
for the issues to be resolved; this is a major step forward. The unrealis-
tic expectation of some experts is that the scientific information itself will
be the substance of the resolutions to the debates. As the IPCC debates
have clearly illustrated, although the Fifth Assessment Report (IPCC 2014)
represents a strong scientific consensus on trends, drivers, and options for
climate change adaptation and mitigation, parties still negotiate policies
taking a range of other issues into account. Solutions are sought that are
within the scope of the scientific information, but until the uncertainty in
scientific information is very low and diversity of interpretations of the
information narrow, it is unrealistic to think scientific information could
actually determine the outcomes of negotiations, let alone would determine
them.

Withregard to sustainable development goals, the Millennium Development
Goals were adopted in 2000. Over a decade later, the Rio+20 Summit
reviewed progress toward their achievement and concluded that although
there were widespread examples of the alleviation of poverty and hunger,
the goals had not been achieved (Rio+20 2012). In the follow-up document
for implementation, the UN explicitly requested that states “must invest in
the unfinished work of the Millennium Development Goals, and use them
as a springboard into the future we want, a future free from poverty and
built on human rights, equality and sustainability” (UN 2014b, para 18).
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Moreover, we see in paragraph 37c of the Synthesis Report of the Secretary
General (UN 2014b) that one of the main lessons learned in that unfin-
ished work was that “the academics and scientists convened through the
Sustainable Development Solutions Network recommended the adoption
of a science-based and action-oriented agenda, integrating four interdepen-
dent dimensions of sustainable development (economic, social, environ-
mental and governance)”; so here again scientific information should be at
the heart of the path forward.

The 17 Sustainable Development Goals (SDGs) approved for consideration
by the Open Working Group of the General Assembly on SDGs are about
outcomes that are aspirational and qualitative (UN 2014a). As such, it would
be inappropriate to judge the degree to which they are truly science-based.
Nevertheless, at least 11 of the 17 goals require strong natural science foun-
dations to identify effective pathways for progress, including SDG 14 on
oceans, and the natural sciences have clear contributions to make to at least
half the others (Table 4.4). The social sciences, of course, are essential to prog-
ress on all of them.

The SGDs are at an early stage of development, with respective targets and
metrics, and a comprehensive implementation plan for their achievement
is still a work in progress. However, based on the arguments made about
the role of scientific information in global ocean governance, it is possible
to sketch out some of that likely role. Science will have a strong role in out-
lining possible pathways forward. For goals such as 9 (resilient infrastruc-
ture), 12 (sustainable production and consumption), and 13-15 on achieving
healthy oceans and terrestrial ecosystems and combating climate change,
science may to some extent help set a pace for progress. Even there, however,
the lack of information may become an excuse for deferral or very cautious
action, due to the costs of misses and false alarms being distributed differ-
ently among countries viewed primarily as donors and those viewed pri-
marily as recipients of development aid, and their risk profiles for tolerating
those risks will be at least as different.

The presence of information may serve to guide consensus that some pos-
sible pathways toward one or more goals are not viable, but only if multiple
lines of research agree that a particular method is likely to fail to result in
progress. Based on the debates among scientists about the degree to which
marine protected areas benefit commercial fisheries (Caveen et al. 2014;
Hilborn et al. 2004; Rice et al. 2012), and what fishing practices are “destruc-
tive” (FAO 2010), even that scale of contribution may be modest at best. All
the issues of different perspectives and institutions wanting to receive their
science support from their familiar sources will be in play. It is perhaps
the technical information on how particular technologies work under vary-
ing circumstances that may make the most unquestioned contributions to
implementation of the SGDs. Here though, the contributions are not really
to policy, but to guiding the how-to after the policy questions have been
resolved.
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TABLE 4.4

The 17 Sustainable Development Goals Approved for Further Refinement, with a
Judgement of Their Dependence on Scientific Information and Advice

Goal Outcome Science

1 End poverty in all its forms everywhere 2

2 End hunger, achieve food security and improved nutrition, and 3
promote sustainable agriculture

3 Ensure healthy lives and promote well-being for all at all ages 3

4 Ensure inclusive and equitable quality education and promote 2
life-long learning opportunities for all

5 Achieve gender equality and empower all women and girls 1

6 Ensure availability and sustainable management of water and
sanitation for all

7 Ensure access to affordable, reliable, sustainable, and modern 3
energy for all

8 Promote sustained, inclusive and sustainable economic growth, 3
full and productive employment, and decent work for all

9 Build resilient infrastructure, promote inclusive and sustainable 3
industrialization, and foster innovation

10 Reduce inequality within and among countries 2

11 Make cities and human settlements inclusive, safe, resilient, and 3
sustainable

12 Ensure sustainable consumption and production patterns 3

13 Take urgent action to combat climate change and its impacts 3

14 Conserve and sustainably use the oceans, seas, and marine 3

resources for sustainable development

15 Protect, restore, and promote sustainable use of terrestrial 3
ecosystems, sustainably manage forests, combat desertification,
and halt and reverse land degradation, and halt biodiversity
loss

16 Promote peaceful and inclusive societies for sustainable 1
development, provide access to justice for all, and build
effective, accountable, and inclusive institutions at all levels

17 Strengthen the means of implementation and revitalize the 1
global partnership for sustainable development

Source: UN (United Nations). Report of the open working group of the general assembly on
sustainable development goals. A/68/970. 2014.
Note: All judgments are for the natural sciences, as political and other social sciences are rel-
evant to all goals. (1) Scientific information may be useful but is not central to the goal;
(2) scientific information can inform development of options, but progress is possible
with limited science input; (3) little progress can be made without a strong science
underpinning.

For the many goals where equity is featured, even science efforts to estab-
lish metrics of equity may have limited influence. Scientific information may
again be useful to justify not taking particular actions because outcomes
are uncertain. However, from my observations of debates about equity at a
global scale, there is little appetite for serious discussions of what pathways
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may lead toward equity if there is not already agreement between those per-
ceived as disproportionately favored and those perceived as disadvantaged
on what a truly equitable outcome will be. Again, the issues of risk tolerance,
jurisdiction, and scope of what is inside and outside “the solution” are likely
to supersede issues of the scientific evidence regarding how effective it may
be to follow any particular pathway:.

4.5 Conclusion

At the global level, scientific information supports policy development across
the full spectrum of issues in both conservation of ecosystems and their com-
ponents, and in management of human activities that use or impact those
ecosystems. However, although scientific information can inform policy-
making, it does not exclusively determine policy outcomes. In fact, even the
degree to which global policy outcomes are constrained by scientific infor-
mation is limited by several characteristics of policy-making at the global
level. These include the increasingly overlapping mandates and jurisdictions
of the many organizations and agencies with roles in global governance; the
diversity of legitimate science perspectives on many ocean issues, even some
which may initially appear simple; differences in distributions of risks of
overly intrusive and overly permissive policy instruments and regulatory
measures among industry sectors and ocean ecosystems; differences in tol-
erances for those same risks among the various participants in global policy-
making; and simply familiarity with and trust in science advisors associated
with the various governance streams.

All these factors play out in the global science—policy interface. They can
lead to policy outcomes that frustrate or disappoint the expert advisors
who may have had expectations of the science advice they input having
greater impact than was realized in practice. This should not be viewed as
failures of the science—policy interface at the global level, however. Rather,
it is a reminder that experts in specific science disciplines should always
be aware that policies routinely have to address diverse agendas simulta-
neously, even when, from a disciplinary perspective, it may appear pos-
sible to disentangle scientific and technical aspects of an issue from other
aspects. The boundaries on what constitutes a “problem” in need of policy
attention will always be context specific, and at global scales the players in
policy-making rarely all bring the same context to the table. Therefore, sci-
ence inputs may be most effective when they focus on providing a sound
but neutral (to the greatest extent possible) starting point for policy devel-
opment, and describe what pathways are available, where they lead, and
what impediments may be encountered along the way. As science inputs
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focus on trying to influence the determination of policy outcomes, the
effectiveness of these inputs may be increasingly overshadowed by these
other considerations.

The dynamics discussed here may also play out at regional, national, and
subnational scales. However, at more local scales, the range of perspectives
of those who use the scientific information is unlikely to increase, and may
become narrower. Thus, the inputs of scientific information to policy-making
at these less global scales may have greater influence at the later stages
of policy-making than they do at the global scale. Nevertheless, there are
important global governance issues on the near horizon, including the pos-
sibility of negotiating a new implementing agreement to support UNCLOS
and the development of the next series of sustainable development goals. A
good understanding of the roles that can be played effectively by those who
provide scientific information will help ensure that the scientific information
gets used to the fullest extent possible in these important initiatives.
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5.1 Introduction

Risk is understood to be a function of probability and consequence. Up until
the 1980s, the study of risk was dominated in the West by scientists, engi-
neers, economists, and decision analysts. Their views were overwhelmingly
influenced by a rational actor paradigm (RAP) (Jaeger et al. 2001, pp. 19-22),
in which risk is an objective condition that can be understood from a ratio-
nal and individual perspective. From this standpoint, determining risk
means determining the probability of an event and multiplying it by the
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consequence, usually measured in dollars or operational deficiency. There is
an optimism that the data are obtainable and uncontroversial. These calcu-
lations loaned themselves to risk prioritization: those events with the high-
est risk score (probability x consequence) could be identified as the greatest
risks and therefore first in need of attention. From this traditional view, risk
is largely understood to be a negative concept; specialists seek to identify,
segment, and eliminate it.

Challenges to this traditional view have emerged from the fields of psy-
chology, sociology, and anthropology. For psychologists, risk is understood
through an individual’s lens, and it is assumed that risk is a subjective (that
is, personal, intimate) construction; different people will have different
understandings and views about the likelihood and consequence of events,
irrespective of empirical data. Using the availability heuristic, for example,
people will believe that an event is more likely to occur if they are able to
imagine or recall it (Slovic et al. 1979). Slovic et al. (1979) note, for instance,
that fear of shark attacks increased dramatically after the release of the
movie Jaws, despite the fact that there was no empirical evidence to suggest
that shark attacks had become more probable. For sociologists, institutional
and community arrangements significantly influence our understanding of
risk. The complexity of modern society and its networks cannot be reduced
and ordered according to simple risk calculations. We have to think carefully
about social processes. Socioeconomic status, for instance, makes a differ-
ence in someone’s ability to understand and respond to risk. The better-off,
for example, are more likely to have various forms of insurance, and are gen-
erally healthier, better educated, and live longer than the less well-off. For
anthropologists, risk is socially constructed through an institutional setting.
According to Mary Douglas (2001, p. xix), “certainty is only possible because
doubt is blocked institutionally. Most individual decisions about risk are
taken under pressure from institutions.” For Douglas, these views of risk can
be fundamentally incompatible. A regulator working in a bureaucracy, for
example, will see an unregulated market as a risk; a business person work-
ing in that unregulated market, in contrast, will see the regulator’s desire to
regulate as a risk.

Multidisciplinary analysis of risk demonstrates that there are many ways
to interpret and understand the concept of risk. Each approach makes dif-
ferent assumptions about the nature of risk, which impacts the tools and
mechanisms required to manage risk. For rational actors, like engineers
and actuaries, managing risk is about statistics and formal models. For
psychologists, managing risk is about understanding and managing per-
ceptions. For sociologists and anthropologists, risk is about social context
and culture. While taking multiple views into account almost certainly
enriches our understanding of risk, it also introduces potentially incom-
patible notions that have to be managed and trade-offs that have to be
weighed. While taking one view is potentially narrow, taking all views is
potentially unwieldy.
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The International Risk Governance Council’s (IRGC) framework is a
normative and process-oriented approach to managing risk (Renn 2006).
For the IRGC, risk governance can be defined as the totality of actors, rules,
conventions, processes, and mechanisms concerned with how relevant risk
information is collected, analyzed, and communicated, and how manage-
ment decisions are taken. To a degree, the IRGC’s framework accommodates
contributions from different disciplines when examining and responding to
risk; this framework combines technical risk analyses with issues of percep-
tion and process. The framework divides the components of risk governance
into two broad categories: risk assessment and risk management. Assessment
focuses on generating knowledge concerning risk, and management con-
cerns making decisions and implementing those decisions. The framework
further subdivides this process into four phases: preassessment, risk appraisal,
tolerability and acceptability judgment, and risk management. Each phase includes
concepts that should be applied to understand and manage risk.

These four stages are similar to other holistic approaches to risk. In addi-
tion to these four stages, however, the IRGC framework further divides risks
into four classes: simple, complex, uncertain, and ambiguous. The classification
of risk is “not related to the intrinsic characteristics of hazards or risks them-
selves but to the state and quality of knowledge available about both hazards
and risks” (Renn and Walker 2008, p. 18). As such, efforts to classify risk
refine our understanding of risk. These four categories help to improve the
risk governance process and, in particular, how we communicate about risk
and where we place our emphasis in the risk governance process.

The purpose of this chapter is to (1) briefly describe and discuss each of
the four stages of the IRGC framework, (2) further develop the four types
of risk—namely, simple, complex, uncertain, and ambiguous, and (3) show
how these categorizations can help us to manage different types of coastal
zone risks more effectively. We use the examples of the Nova Scotia shrimp
fishery (simple), offshore oil and gas exploration (complex), port security
(uncertain), and aboriginal fishing rights (ambiguous) to illustrate funda-
mental differences in risk problems and to link directly to the theme of this
book—namely, how information operates at the science—policy interface in
coastal and ocean management.

There are several challenges to conducting risk analyses in the modern
state: problems of quantification, plurality of knowledge claims, stochas-
tic events, counterintuitive implications, and inadequacy of trial and error
learning (Renn 2015). Public and stakeholder engagement has increasingly
become an important method by which to understand various perspec-
tives and in so doing develop more reliable solutions; many policy makers
struggle, however, in understanding how, when, with whom, and why to
engage. The IRGC framework distinguishes between types of risk and, in
so doing, assists policy makers in understanding the engagement process.
The framework underscores how our state of knowledge of a particular
risk can influence how to proceed. While it usefully describes an iterative
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process that includes a capacity for negotiation and learning, particularly
with ambiguous risks, it also signals that we should limit engagements with
simple and—to a lesser extent—complex risks. These distinctions provide a
better chance of more stable and efficient risk management solutions.

5.2 International Risk Governance Council Framework

Figure 5.1 illustrates the basic interconnections of the phases within the
International Risk Governance Council (IRGC) framework and will act as a
graphical reference for this section. While the framework is divided into sep-
arate phases and presented in a sequential manner, risk governance does not
necessarily occur in a tidy, sequential manner. At times, each of the phases
can occur simultaneously, and communication flows back and forth, further
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FIGURE 5.1

The International Risk Governance Council framework. (Adapted from Renn, 2006. Risk gov-
ernance: Towards an integrative approach. White Paper No. 1. Geneva: International Risk
Governance Council.)
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informing or shaping the overall risk governance response, which is why the
arrows indicate a movement in both directions.

5.2.1 Phases of Risk Governance
5.2.1.1 Preassessment Phase

The preassessment phase captures the variety of issues that stakeholders
might associate with a certain risk, as well as existing indicators, routines,
and conventions that may prematurely narrow—or act as a filter for—what
will be considered a risk (Renn 2006). This phase examines, in particular, the
manner in which data are (or are not) collected and shared, including early
warning signs, research methods, screening practices, and scientific conven-
tions. At this stage, the framework tries to capture the risks from the point of
view of all parties affected by the threats: the official agencies (government),
the risk and opportunity producers (private enterprises), those affected
by the risks and opportunities (producer employees, spin-off businesses,
importers, and those who live nearby) and interested bystanders (media,
and environmental groups). It is concerned with the “systematic search for
detecting hazards and threats, in particular new emerging risk events” and
the capacity to share information with other interested parties (Renn and
Aven 2010, p. 70).

5.2.1.2 Risk Appraisal

The purpose of the risk appraisal phase is to determine whether the endeavor
that creates the risk is worth pursuing, and, if so, what steps can be taken to
mitigate or contain the risk (Renn 2006). The risk appraisal phase consists
of two major components: a scientific assessment of the risk, or risk assess-
ment, and an assessment around societal concerns about the risk, or concern
assessment.

The risk assessment component of risk appraisal aims to identify poten-
tial hazards, assess the level of exposure and vulnerability, and esti-
mate the end risk using the best scientific models available (Renn 2006).
It accomplishes these aims through scientific modeling of risks and the
traditional determination of probabilities. Risk assessment generally uses
existing data along with scenario modeling to determine various scenarios
for risk to estimate the probability of a given occurrence. Concern assess-
ment aims to gain an understanding of some of the issues that underlie the
risk, such as how the risk affects different socioeconomic groups and how
the risk is perceived by members of society, including an analysis of any
cognitive biases that may exist around the risk (Renn 2006). By combining
risk and concern assessment, risk managers are able to gain insight into
the values and evidence required to assess the public’s tolerance for risk
exposure.
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5.2.1.3 Tolerability and Acceptability Judgment

The third phase of the IRGC framework, the tolerance and acceptability
judgment phase, is about determining the appetite for risk given the likeli-
hood and the consequence of its occurrence. Tolerance with regard to risk
looks at whether the endeavor that creates the risk is worth pursuing, given
the potential consequences of disaster. Acceptability refers to the level of
residual risk allowable after measures are put in place to mitigate or mini-
mize exposure (Renn 2006). Something that is intolerable should be avoided,
something that is tolerable requires risk reduction measures until it becomes
acceptable, and something that is acceptable requires no action. This phase
is often viewed as the most difficult; the lines between intolerable, tolerable,
and acceptable are rarely clear because making a decision about tolerability
and acceptability requires one to weigh values and evidence. For this rea-
son, the phase is divided into two categories: risk characterization and risk
evaluation.

Risk characterization is the collection and summarization of “all relevant
evidence necessary for making an informed choice on tolerability or accept-
ability of the risk in question and suggesting potential options for dealing
with the risk from a scientific perspective” (Renn 2006, p. 41). This component
is generally completed by experts in the field. The risk evaluation component
filters the risks through societal values and norms to make a judgment on
the tolerability and acceptability of the risks and, subsequently, to judge the
need for further risk reduction. It is when a risk is deemed to be tolerable and
in need of methods to reduce exposure to the consequences of the risk, that
risk governance enters the risk management phase.

5.2.1.4 Risk Management

The risk management phase of the IRGC framework takes the information
obtained from the other phases and uses it to make decisions about the
actions required to manage the risk (Renn 2006). Ultimately, the goal should
be to make the tolerable risk acceptable over time. The categories within
this phase endeavor to create learning organizations among both the risk
producers and the government organizations in charge of regulation. These
categories do this by instituting a risk management regime with feedback
loops in which risk managers identify, assess, evaluate, select, and imple-
ment options for moving toward risk acceptability. Finally, the chosen options
should be monitored and measured for “intended and unintended conse-
quences” (Renn 2006, p. 20). The information taken from monitoring should
then be fed back into the beginning process of identifying policy options,
and the cycle should repeat.

Many acknowledge that this framework is a step forward in addressing
a gap in the approach to risk, given the increased levels of complexity and
uncertainty in modern society (North 2005; Rosa 2008). It is considered a
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useful tool that helps those unfamiliar with recent academic research to
understand different approaches to risk management and acts as a guide to
identify the types of issues that risk managers should be taking into consid-
eration (North 2005; Rosa 2008). Despite this recognition, some critics note
the lack of a clear definition of risk (North 2005; Boholm et al. 2012). Some
argue that the framework is too complex or too simple to be useful as a prac-
tical tool (Boholm et al. 2012), if the framework is applied rigidly (North 2005;
De Vries et al. 2011). Others note a bias toward systemic risks and that its
emphasis on stakeholder engagement opens the door for lobbying (Boholm
et al. 2012); it also seems to put more emphasis on the system as a whole and,
as a result, may lose sight of the importance of micro-end decision-making
(Boholm et al. 2012).

The framework relies on taxonomies that force risks into categories; due to
the systemic nature of risks, it can be challenging to interpret them through
a formal model (De Vries et al. 2011). Also, in attempting to look at the risk
from as many aspects as possible, it does not consider the context of how the
risk has been managed and the process and definitions of risk that shaped
the current situation (Boholm et al. 2012).

5.3 Four Types of Risk: Examples from the Coastal Zone

Other risk frameworks are available to guide us through an assessment and
management process (see O et al. 2015; ISO 2009; Treasury Board of Canada
2010). However, in addition to the IRGC framework, Renn (2006) has usefully
divided risks into four classes: simple, complex, uncertain, and ambiguous.
The classification of risk is “not related to the intrinsic characteristics of haz-
ards or risks themselves but to the state and quality of knowledge avail-
able about both hazards and risks” (Renn and Walker 2008, p. 18). While
some critics have noted the lack of clarity concerning the definition of risk, as
mentioned earlier, Renn’s effort to refine our understanding of risk into four
categories creates considerable opportunity to improve the risk governance
process, in particular how we communicate about risk and where we place
our emphasis in the risk process.

5.3.1 Simple Risks at the Science-Policy Interface: Shrimp

Simple risks are risks for which “the number of predicted events are fre-
quent and the causal chain obvious” (Renn and Walker 2008). The shrimp
fishery in Nova Scotia is a good example of simple risk. The fishery is largely
stable and predictable. Shrimp are very abundant in the North Atlantic. In
2013, 141,291 tonnes of shrimp were landed in Atlantic Canada, down from a
record high of 185,974 tonnes in 2007, but up from 1990s levels (Fisheries and
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Oceans Canada 2015). Shrimp ecology and its relationship to the fishery are
also well understood. Shrimp stocks may be impacted by high surface water
temperatures (Appollonio et al. 1986), predation by groundfish (Worm and
Myers 2003), and the fishery itself. The Department of Fisheries and Oceans
(DFO) attributes the current abundance of shrimp to a combination of cold
surface water, unrecovered groundfish stocks, and sound fishery manage-
ment practices (Fisheries and Oceans Canada 2014).

Risk management is generally more important than risk assessment
within this fishery because much is already known about the risks involved,
for example, overfishing, groundfish predation, and bycatch. DFO takes an
integrated approach to managing Nova Scotia’s shrimp fishery. Commercial
trawlers and DFO carry out shrimp surveys each June. Based on a combina-
tion of these survey results and commercial data, that is, fishing logs and
catch samples, each year a total allowable catch (TAC) is set. Risks associated
with overfishing, for example, are tolerable, so while data collection needs
to continue to avoid future problems, monitoring is simple because proven
scientific methods exist and are already in use.

In addition to TAC, a variety of other conservation measures are enforced.
These measures include individual quotas, limited licensing, minimum
mesh sizes on nets, Nordmore separator grates, and monitoring (Fisheries
and Oceans Canada 2015). Taken altogether, these conservation measures
minimize bycatch and ensure the long-term sustainability of Nova Scotia’s
shrimp fishery. Problem framing is relatively simple, as stakeholders (namely,
DFO and industry) agree on what the probability and consequences of the
threats are, and agree they are tolerable in light of the conservation meth-
ods and the economic benefits of the fishery. Compared to other local fisher-
ies, for example, the lobster fishery, the shrimp fishery is uncontroversial.
Data suggest that the crustaceans can be extracted at the present levels with
little risk to the environment or their population for the foreseeable future
(Fisheries and Oceans Canada 2014).

In sum, the management of simple risks is relatively straightforward and
can often be left to the market, albeit with some regulations. The dialogue
that characterizes risk governance of a simple risk is instrumental. It involves
agency staff, external experts, and external stakeholders; the analysis is
largely statistical. The data are not contested or particularly controversial;
the standards are largely accepted, albeit with some small variation from
year to year.

5.3.2 Complex Risks at the Science-Policy Interface:
Offshore Oil and Gas Exploration

Complex risks are those where there is difficulty “identifying and quanti-
fying causal links between a multitude of potential causal agents and spe-
cific observed effects” (Renn and Walker 2008, p. 19). This difficulty may
arise from interactive effects among potential causal agents, long delay
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periods between cause and effect, interindividual variation, that is, greater
differences from case to case, and intervening variables.

Offshore oil and gas exploration is a salient example of complex risk. Every
stage of offshore oil and gas exploration involves diverse risks. The complex
interplay of variables makes it difficult to predict the probability of risk out-
comes. Risk models are used extensively (e.g., Foreman 2005), however, these
models are generally less reliable than in simple risk contexts. With complex
risks, too many variables are at play, and while we may have experience in
managing these risks, the interactions of the variables are not necessarily
well understood.

The Deepwater Horizon oil well blowout and spill demonstrates how a
series of technical failures may intersect in complex—and unanticipated—
ways, resulting in tragedy. On 20 April 2010, the Deepwater Horizon, an off-
shore drilling platform, exploded, killing 11 people (Smithsonian Institution
2015). Two days later the rig sank. It took 87 days to cap the well, which in
that time leaked an estimated 4.9 million barrels of oil into the Gulf of Mexico
(Spier et al. 2013). No single event led to the Deepwater Horizon blowout,
explosion, and resulting spill. British Petroleum, the company that was leas-
ing the Deepwater Horizon platform at the time of the spill, identified eight
causal agents—namely, dodgy cement, valve failure, misinterpreted pres-
sure tests, failure to spot the leak, another valve failure, an overwhelmed
separator, failure of the gas alarm, and failure of the blowout prevention sys-
tem (Mullins 2010). No single failure caused the spill; rather, the complex
interplay of these eight causal agents led to the disaster.

Some impacts of the spill were immediately self-evident. Other impacts
are still unfolding. Ongoing research aims to determine how the Gulf of
Mexico, was—and continues to be—impacted by this particular oil spill (e.g.,
Incardona et al. 2014). There can be a long delay between the occurrence of a
spill and its effects. It took several years for the Alaskan shoreline to recover
from the Exxon Valdez oil spill (Shigenaka 2014). Furthermore, a dearth of
baseline ecological data at the location of future accidents may make it impos-
sible to gauge impacts, and therefore recovery, from an oil spill. In the wake
of the Deepwater Horizon spill, the President of the United States created
a national commission to determine the causes of the spill, lay out a long-
term recovery plan, and come up with strategies to mitigate and respond to
future spills related to offshore drilling. Quite tellingly, in the foreword to its
report to the president, the commission quotes the board that investigated
the Columbia space shuttle disaster: “Complex systems fail in complex ways”
(National Commission on the BP Deepwater Horizon Oil Spill and Offshore
Drilling 2011, p. viii).

Renn suggests that the risk appraisal stage is crucial for analyzing complex
risks because of the potential for technical analyses to improve our knowl-
edge of risk. Risk modeling is a commonly used method for analyzing simple
risks and complex risks. Whereas simple risks are associated with phenom-
ena that are relatively frequent with fairly well understood causal links,
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extending these rational quantitative methods can become increasingly
unreliable as the risk situation becomes more complex. The fundamental
process of subdividing a problem into constituent parts is often inadequate
to capture interactive effects between system elements. Furthermore, each
cause and effect relationship in the complex system is typically inferred
assuming prompt linear reactions, yet many systems are characterized by
nonlinear interactions and delayed feedback. This latter aspect has been
shown to confound attempts to grasp the full extent of consequences of a
hazard (Hobbs et al. 2002). Marine ecosystems are inherently complex and
respond in various ways to perturbations such as oil spills, as shown by
many studies (GESAMP 1993; Committee on Oil in the Sea 2003).

To compensate for deficiencies in historical data which preclude developing
statistically valid cause and effect inferences, modelers turn to probability
theory to estimate likelihoods based on limited data and/or expert opinion.
The expected value, or expected utility, underpinning a rational risk assess-
ment model must be viewed judiciously given these limitations in the data
and relationships. Comparisons with other apparently similar scenarios are
often made to help define the system scope and cause and effect relationships;
however, complex systems are rarely mirrored very well in other contexts.

In sum, while the model can help inform policy discussion by prioritizing
problems and examining vulnerabilities and sensitivity, the actual evolu-
tion of an incident may be quite different from anticipated model outputs.
Nevertheless, modeling to gain insight into potential outcomes from the fail-
ure of a complex system can be instrumental for building in redundancy to
reduce the likelihood of failure propagation and adding buffers to mitigate
the impacts. The caution here is the human tendency to overestimate our
ability to understand, model, and control the complexities of a large system.
Modelers require humility; they need also to improve their capacity to com-
municate their findings to a lay audience and in so doing help to inform
the concern assessment, which is also part of the risk appraisal stage. As
risk psychologists will note, how people feel about the risk is an important
consideration for policy makers, irrespective of whether or not those feelings
align with the formal predictions of the model and modelers.

5.3.3 Uncertain Risks at the Science—Policy Interface: Port Security

Uncertain risks are those where there is “a lack of clear scientific or technical
basis for decision-making,” which “often results from an incomplete or inad-
equate reduction of complexity in modelling cause-effect chains” (Renn and
Walker 2008, pp. 18-19). Furthermore, uncertain risks often go unreported
by business and industry. This diminishes the confidence level of traditional
objective measures of risk estimation and risk analysts become more reliant
on fuzzy or subjective measures of risk estimation (Renn and Walker 2008,
pp- 18-19). According to Renn and Walker (2008), uncertainty can be subdi-
vided into the following categories: epistemic, which is the result of imperfect
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knowledge, and can include target variability and systematic and random
error in modeling, and aleatory, which includes indeterminacy or genuine
stochastic events, system boundaries, and ignorance or nonknowledge.

A salient example of an uncertain risk is seaport security. Seaports are criti-
cal hubs in the global supply chain; 70% of the world’s imports are moved
by sea (Burns 2013). Ports compete against one another for business and,
therefore, have to keep goods moving as efficiently as possible. At the same
time, they are exposed to considerable threats. Security threats range from
those that capture the public’s attention, such as terrorism, drug smuggling,
people trafficking, and people smuggling, to those that have perhaps more
serious business implications, such as piracy, cargo theft, and cybercrimes, to
the more mundane and probable, such as trespassing and petty crime. Many
risks relate to broader questions of the underground economy, economic and
political stability in parts of the developing world, and access to key trade
routes in international markets (Quigley and Mills 2014). The somewhat open
and accessible nature in which seaports operate also creates security threats.

The data we have for these types of risks are only partial, and unreli-
able. Terrorist attacks at a seaports, such as the attack on the USS Cole, are
extremely rare. On 12 October 2000, the Cole was attacked in the port of
Aden, Yemen, by suicide bombers in a small, explosive-laden boat; 17 U.S.
sailors were killed and 39 were injured (CNN 2014). This was the deadliest
attack on a U.S. naval ship since the Iran-Iraq War (National September 11
Memorial and Museum 2015).

Terrorism and criminal activity in particular create unique challenges to
risk analysts because they are contending with adaptive adversaries; in other
words, unlike a natural disaster, a terrorist will adapt his or her behavior in
light of the risk management strategy that the port staff adopt. Moreover,
managing low-probability risks in a robust manner can rarely be justified at
the firm level (Seidenstat 2002); security is usually seen as a negative and usu-
ally unnecessary expense. Market-sensitive organizations shipping goods
to and from ports will often not take pronounced steps to protect against
low-probability/high-consequence events (Jaeger et al. 2001), which thereby
enhances the vulnerabilities.

With uncertain risks, formal, rational models are unlikely to capture the
full scope of the challenge. Uncertain risks can frequently generate surprises
or realizations that are not anticipated or explained explicitly within a risk
modeling framework. There are simply not enough data to understand the
likelihood and consequences of the risk.

The absence of data that can help officials to be more specific about the
magnitude of the risk requires that governments employ a precautionary
approach, particularly when the harm is potentially catastrophic or irrevers-
ible (Sunstein 2009). Uncertain risks also require that governments avoid
high vulnerability as well as they can.

In sum, it is unrealistic to think that a plan would dictate that sufficient
human resources would constantly be available to respond to worst-case
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scenarios generated by uncertain risks. Solutions will require risk modeling
coupled with a reflective discourse by policy makers, experts, industry, and
affected stakeholders that attempt to strike the balance between over- and
under-managing the response to the event. Scenario planning exercises can
help, provided they infuse an element of the unpredictable into the scenar-
ios, and are not merely test scenarios for which everyone is prepared, among
friendly and convenient partners who are prepared to join the exercise.

5.3.4 Ambiguous Risks at the Science—Policy
Interface: Aboriginal Fishing Rights

Ambiguous risks are a result of divergent or contested perspectives on the
justification, severity or wider “meanings” associated with a given threat
(Renn and Walker 2008). Categories of ambiguity include interpretative (i.e.,
different interpretations of the same results) and normative (i.e,, different
concepts of what can be considered tolerable) (Renn 2006).

The case of aboriginal fishing rights in Canada is an example of ambiguous
risk. Under section 35 of the Constitution Act, 1982, “[t]he existing aboriginal
and treaty rights of the aboriginal peoples of Canada are hereby recognized
and affirmed.” These rights include the right to fish. There is considerable
disagreement among stakeholders, however, over what those existing rights
are and how to interpret treaty rights in modern contexts.

There are numerous stakeholders in the Canadian fishing industry. These
stakeholders include the federal government (DFO), Aboriginal peoples,
non-Aboriginal peoples, environmental groups, media, the general public,
and the fishing industry itself. Each of these parties may be affected in
different ways by risks and opportunities within the industry. For exam-
ple, section 35 of the Constitution Act, 1982 affected Aboriginal and non-
Aboriginal fishers in different ways. To protect Aboriginal peoples’ right to
fish, DFO reallocated fishing licenses belonging to non-Aboriginal fishers
(Fisheries and Oceans Canada 2012). Since the early 1990s, roughly 900 com-
mercial licenses have been reallocated, and 1,300 seasonal jobs have been
created, for Aboriginal fishers (Fisheries and Oceans Canada 2012). Many
non-Aboriginal fishers had already lost their licenses in the collapse of the
northern cod (and other groundfish) fisheries (Parliament of Canada 1999).
While both Aboriginal and non-Aboriginal fishers recognized the need to
regulate fisheries to ensure their recovery, a great deal of tension existed
around who should be in charge of fisheries management (Parliament of
Canada 1999). Some First Nations communities were reluctant to recognize
the authority of DFO to manage their communal fisheries (e.g., Burnt Church,
New Brunswick; after all, the fisheries collapsed under DFO’s management).
This rejection of DFO’s authority was widely perceived by non-Aboriginal
fishers as a threat to the fisheries (Nixon 2001).

The same piece of legislation that provided opportunities for Aboriginal
peoples represented a threat to non-Aboriginal fishers. Different stakeholders
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may perceive threats differently; an opportunity for one stakeholder group
may be seen as a threat by another. To deal with differences in perceived
risk, Renn (2006) recommends that managers identify emerging threats
and communicate these threats to stakeholders. In this particular case,
the Government of Canada needed to communicate more clearly to non-
Aboriginal fishers how this new legislation would impact them.

In numerous instances disagreements over Aboriginal fishing rights have
been decided by the Supreme Court of Canada (for examples, see Allain
1996). The Donald Marshall decision and the ensuing strife in the commu-
nity of Burnt Church, New Brunswick, exemplify the conflict and ambigu-
ity involved in these disagreements. Donald Marshall Jr. was convicted of
eel fishing out of season, without a license, with nonregulation equipment,
and selling the eels he caught (Parliament of Canada 2001). In the past, the
Supreme Court had usually upheld these kinds of convictions against First
Nations fishers, albeit with some disagreement among judges (Allain 1996).
In this instance, Marshall was acquitted by the Supreme Court.

Judging by DFO’s lack of contingency plans (Parliament of Canada 2001),
the Department appeared unprepared for the Supreme Court ruling in
favor of Donald Marshall and its broader implications for Aboriginal fish-
ing rights. In the wake of the Court’s decision, many First Nations commu-
nities in eastern Canada, including Burnt Church, began to exercise their
fishing rights. This led to conflict between these coastal communities, non-
Aboriginal fishers, and DFO. The conflict centered around two main issues:
(1) access to resources and (2) conservation management.

Each stakeholder group had a different interpretation of their rights and
activities. Misunderstandings among stakeholders contributed to a lack of
clarity about fisheries regulation and poor communication between non-
Aboriginal and First Nations fishers. DFO was unprepared to manage threats
to the fishing industry and rights of the various parties involved. Although
scientific models existed for managing the lobster fishery, these models did
not allow for the emerging role of First Nations fishers and traditional eco-
logical knowledge in this industry. So DFO was left scrambling to assess
the risks posed by people fishing without a license, outside the established
fishing season. Also, they were not prepared to address the concerns of non-
Aboriginal fishers and the general public.

Eventually, DFO managed to reach agreements with 30 of the 34 affected
First Nations communities (Parliament of Canada 2001). Negotiations broke
down between DFO and Burnt Church when the community rejected all
government regulation in favor of pursuing its own management plan
(Parliament of Canada 2001); the conflict between First Nations and non-
Aboriginal fishers escalated to the point where shots were fired, although no
one was harmed (CBC News 2001). Although DFO launched the Aboriginal
Fisheries Strategy in 1992 to reach management agreements with Aboriginal
communities (Fisheries and Oceans Canada 2012), insufficient funds were set
aside to reallocate licenses to Aboriginal peoples. The conflict at Burnt Church
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may have been avoided if the DFO had framed the issue more broadly; it was
not strictly an issue of licensing and fishing seasons, but rather one with
legitimate competing and arguably incompatible views among stakeholders.

In the case of ambiguous risks, there is little disagreement on the data;
there is disagreement, however, on what the data mean. How the risk is
framed is a key consideration when responding to an ambiguous risk. For
this type of risk, broad consultation is important and solutions can some-
times be only provisional until more reliable data become available.

In sum, when modeling the risks, how the risk is framed (or characterized)
is important, as is the process stakeholders establish to resolve conflicts and
arrive at a stable solution. Such risks can frequently pit one group against
another and can include extreme reactions by ideologically driven groups.
Risk modeling alone will not solve this problem. Solutions rely on model-
ing coupled with political bargaining between stakeholders and trade-offs
between different risks. The process should involve agency staff, industry,
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and stakeholders, and awareness, if not explicit support, from the general
public. If there is broad-based consensus that competing groups have legit-
imate claims, then risk governance processes normally proceed with cau-
tion and continue to gather information until a resolution can be achieved.
Provisional solutions are put in place. Like uncertain risks, ambiguous risks
can easily default into the precautionary principle. This approach is not
without controversy, as will be discussed further in the discussion section.
Figure 5.2 summarizes the stages at which policy makers should spend more
time when examining a specific type of risk.

5.4 Discussion and Conclusion

In complex situations and environments (such as the coastal zone), it is
important to understand as much as we can about the risks involved with
human activities and natural events, and to improve our level of knowledge.
Such efforts can help minimize social and economic disruption and increase
opportunity. The IRGC framework and its classifications are useful. The sim-
ple, complex, uncertain, and ambiguous classifications help us to be more
efficient in our analysis, process, and words (see Table 5.1).

Simple risks generate reliable data that help to inform our view about the
risk; we can be more confident about the extent to which the threat will mate-
rialize and the consequences of that threat. As a result, when considering a
simple risk, the discussion between policy makers and scientists is largely
instrumental; market failure logic and limiting government intervention (to
that which is optimal in market terms) can be a helpful way to develop a
regulatory approach. Alas, governments rarely find themselves dealing with
simple risks, or if they do, it is rarely the stuff of headlines, debate, or politi-
cal consequence. Rather, governments find themselves drawn much more
often into debates about complex risks, and indeed, the even more conten-
tious uncertain and ambiguous risks.

Complex risks depend largely on expert opinion and formal modeling.
Formal models help to explain in rational terms the interactions between
many variables; they can help concentrate the best minds in a particular field
on technical challenges that can bring about significant achievements; tech-
nical risks associated with space travel, the power grid, and the Internet can
be described as complex risks. Expert processes can also allow us to focus
on the existing data, however imperfect, and in so doing, increase transpar-
ency and remove the politics and sometimes petty negotiations. Complex
risk problems are the domain of scientists, or medics; these professions are
trusted more than most (Canadian Pharmacists Association 2009) and, there-
fore, the solutions they generate offer a better opportunity for acceptance
from the community at large.
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TABLE 5.1
Risk Management and Stakeholder Involvement
Risk
Problem Simple Complex Uncertain Ambiguous
Example Shrimp Offshore oil Port security Aboriginal fishing
fishery and gas rights
exploration
Type of Instrumental ~ Epistemological Reflective Participative
discourse
Actors e Agency e Agency o Agency staff e Agency staff
staff staff e External e External
¢ External e External experts experts
experts experts e Stakeholders e Stakeholders
¢ Industry e Industry
e Directly e Directly
affected affected
groups groups
* General
public
Type of Cognitive Cognitive Cognitive
conflict Evaluative Evaluative
Normative
Remedy Statistical risk ~ Probabilistic Risk balancing Risk trade-off
analysis risk modeling necessary analysis and
* Probabilistic deliberation
risk necessary
modeling e Risk balancing

e Probabilistic
risk modeling

Source: Adapted from Renn, O. 2006. Risk governance: Towards an integrative approach.
White Paper No. 1. Geneva: International Risk Governance Council.

Formal models, the tools of the experts, have important limitations. From
a normative standpoint, formal models embed key assumptions. To start,
we assume complex technological and ecological systems are accessible to
detailed human comprehension and that a reductionist approach is the best
way to understand these systems (Jaeger et al. 2001, p. 91). Formal models can
sometimes completely overlook important social, and even moral, consider-
ations. We saw the failure to take broader social concerns into account in the
Deepwater Horizon event.

While social concern is part of risk appraisal, complex risks tend to overem-
phasize the perspectives of the experts. People often have blind faith in numer-
ical analysis and computer models; these processes, however, are subject to
bias and can manipulate information through the manner in which data are
presented (Jaeger et al. 2001, pp. 81-82). Experts need to show humility, recog-
nize the limitations to their models, the contexts in which decisions are made,
the privileged position they hold, and the consequences of bad advice. The risk
management plan must also have a degree of robustness, lest the system fail.
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Finally, while formal models offer the hope of transparency, rigorous
analysis, and optimal outcomes, the models fail to include the more sub-
tle dynamics in decision-making, such as strategic reasoning, power plays,
interests, and institutional responses (Jaeger et al. 2001, p. 82). In this sense,
models offer important insights but do not provide a full account of decision-
making. Dietz and Stern (1995) note, for example, that relatively complex
mathematics does not correspond with what we know about human behav-
ior with respect to decision-making. People are good at pattern recognition,
classification, and applying rules of thumb; this undermines the usefulness
of the model altogether and frustrates the experts who developed the model
with the intention of reducing the influence of seemingly irrational human
behaviors. This gap between the scientists and the lay people, including
policy makers, aggravates everyone and threatens to undermine the legiti-
macy of each group from the other’s point of view.

As we move along the continuum to uncertain and ambiguous risks, the
data become even more unreliable and contested. The IRGC framework rec-
ommends a precautionary approach. The precautionary principle should
be limited to catastrophic and irreversible events and even then should be
applied with care (Sunstein 2009). There are risks on both sides of any equa-
tion. There are risks if one acts, just as there are risks if one does not. Too
often, advocates of the precautionary principle narrow their examination
too quickly and neglect to consider the trade-offs and opportunity costs that
must be considered in any risk management plan. Kheifets et al. (2001) found
considerable variation in the manner in which the precautionary principle
is used and the concept is deployed in practice. For example, the strength
of evidence required to justify action under the precautionary principle can
vary. The principle may be adopted (1) when there is “sufficient evidence”
that an action or substance is harmful; (2) when there is no conclusive sci-
entific proof one way or the other; or (3) when the substance or action has
been suggested as a possible cause of harm (Kheifets et al. 2001). The neces-
sary action can also vary. Definitions of the precautionary principle (see also
Chapters 2 and 19 in this volume) imply a wide range of actions that should
be taken, once the strength of evidence requirement has been satisfied. These
actions range from (1) prevention or elimination of exposure to (2) adoption
of cost-effective action, or (3) mere consideration of action (Kheifets et al.
2001). Another important variable is who bears the burden of proof: (1) the
opponents of a possibly harmful action, or (2) the proponents of a possibly
harmful action (Kheifets et al. 2001).

When we consider uncertain risks, we need to have a focused discussion
about risk trade-offs and how much protection is too much. The likelihood
of a terrorist attack at a port is low, but the consequences socially and eco-
nomically can be significant. Private industry—the owners and operators of
most critical infrastructure—is also unlikely to take the possibility of such
an attack seriously; it does not make sense from a business standpoint. In
such a case, a degree of resilience—a capacity to bounce back—must be built
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into the risk management process. Public engagement is also necessary; if
data are unreliable, it is important for policies to be generally supported by
the community.

Indeed, as we consider uncertain and ambiguous risks, engagement with
those external to the agency becomes an important part of the risk gover-
nance process. Commentators have raised questions about the extent to
which the IRGC framework, in its effort to make the process more accessible,
makes the process vulnerable to lobbying (Tait 2008). This is a concern with
ambiguous risks, in particular, where there are competing and legitimate
views. Fairness becomes an important consideration.

Despite the controversy over lobbying, political scientists have largely
been silent on the question of risk governance. This is surprising. Political
scientists can help to sharpen our focus on interest group dynamics. Wilson
(1980), for example, describes different degrees of power and influence
in lobbying. Client politics is typically the preferred position for interest
groups: the benefits are concentrated among specific groups and the costs
are shared by many, thereby making the cost for any specific group small.
As a result, the opposition is largely indifferent and ineffective. Client poli-
tics normally describes the dynamics at play with large, powerful, orga-
nized, and well-funded interests with privileged access to policy makers.
The offshore oil-drilling industry exemplifies client politics, as became
apparent following the Deepwater Horizon disaster. Industry frequently
received privileged access to decision makers, and drilling usually trumped
environmental concerns (Davenport 2015; Kusnetz 2014). In the case of inter-
est group politics, in contrast, costs and benefits are concentrated among
different groups; in other words, one group is trying to secure the benefits
at the other’s expense. This is obviously a dynamic that leads to more con-
flict. The Aboriginal fishing rights example noted above exemplifies this
dynamic. Aboriginal and non-Aboriginal fishers each sought benefits at the
other’s expense.

While the process articulated in the IRGC framework can be useful, the
interactions between lobbyists and policy makers must be appropriate. The
process must seek to establish trust among the stakeholders and the com-
munity at large. Peters et al. (1997) identified three dimensions that generate
trust: (1) knowledge and expertise, (2) care and concern, and (3) openness
and honesty. When we are dealing with client politics, for example, trust
in the process can be enhanced by increasing transparency in the decision-
making process, creating sufficient distance between industry and policy
makers, ensuring adequate expertise within government offices to chal-
lenge industry, empowering third party oversight, and providing access to
legitimate groups that are concerned about the consequences of these events
(such as environmental NGOs; see Chapter 18 in this volume). In interest
group politics, trust can be increased in largely the same way, however, those
responsible for the risk governance process must ensure that all parties have
adequate support to represent and defend themselves. There may also be a
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need for a short- and medium-term transition plan as resources are shifted
from one group to another.

Over the past two decades, numerous risk governance frameworks have
taken a more holistic approach to managing risk by incorporating contribu-
tions from several disciplines. These risk governance frameworks go well
beyond simple risk calculations by signaling the importance of perception,
process, and social context. Many of the assumptions about the nature of
knowledge and human nature within these academic disciplines are fun-
damentally at odds. As a result, there will always be a tension at the heart
of these models. They are roadmaps with signposts, not perfect solutions.
As this chapter has shown, the risk models can be very helpful as decision
makers deal with information and possibly competing issues in ocean and
coastal management.
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6.1 Introduction

Fisheries as well as long distance and overseas transport of goods and peo-
ple have been key economic sectors for coastal nations for several centuries,
even millennia. More recently, economic activities at sea have expanded
exponentially, not only in these two sectors but in a broad range of economic
domains, including mining of sand and gravel; exploitation of oil, gas, and
other natural resources; energy production through offshore wind arrays
and other forms of so-called ocean energy; tourism; and coastal or sea-based
aquaculture (mariculture) (e.g.,, Young et al. 2007). It is widely acknowledged
that the seas and oceans are currently at environmental risk through the
(cumulative) effects of these—and numerous land-based—economic expan-
sions (Crowder and Norse 2008; Halpern et al. 2008; Worm et al. 2006). With
these competing claims and increasing pressure on the marine ecosystem,
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environmental issues and nature protection moved up the public and politi-
cal agendas of nation-states, international organizations, civil society, and
lately even economic actors (e.g., World Ocean Council 2014a,b).

Although the three-dimensional nature of sea protection and the fact that
resources, activities, and pollution are often a moving target in such a liquid
environment and are complicating characteristics, these can to a certain extent
be found on land, too, for instance with respect to governing air pollution, fresh-
water deterioration, or car mobility flows (Mol and Spaargaren 2005). Whether
at sea or on land, the governance of environmental flows fits in well with Ulrich
Beck’s (1986, 2009) ideas about a risk society. The risk society thesis relates to ways
of dealing with risks in today’s world, and implies that we face risks that are
inherently part of and produced by human activities, rather than being exposed
to problems induced by external forces. The question of who decides about risks,
and about measures for risk minimization or adaptation, are often difficult to
answer and therefore a topic of continuous debate (see Chapter 5 in this vol-
ume). However, the governance of risks and environmental problems relating
to oceans and seas is markedly different from the environmental protection of
land because of the distinctive sovereignty challenge: nation-states have decreas-
ing authority the farther one moves offshore (Burn et al. 2015; Sudrez-de Vivero
2013). Also, the sea is special compared to land in that much of the environmen-
tal deterioration happens out of direct experience and sight. To define (and rede-
fine) risk management in the marine environment, we depend on observations
and experiences intermediated by technology and experts, rather than relying
on our own senses. Hence, Beck’s notion of “expropriation of the senses” in a
risk society has an additional dimension at sea (Beck 2009, p.116).

Information is arguably important in governing marine environmental
protection, even more than compared to terrestrial environmental protec-
tion, for two main reasons. First, due to the limited state authority regard-
ing major parts of the oceans, we witness a stronger reliance on non-state
actors in environmental protection activities. While governance, defined as
processes of decision-making and steering, is traditionally associated with
governmental authority, this so-called governance-by-government is now best
seen as one, albeit important, way of steering (Kooiman 2003). Well-known
examples of marine governance by non-state actors are self-governance
initiatives through voluntary sector-wide agreements from fisheries (Gray
2005), shipping (DeSombre 2006), and oil and gas production industries (Van
Leeuwen 2010). Moreover, nongovernmental organizations (NGOs) also take
up governance tasks by pushing sectors to act more sustainably. It is now
commonly understood that these non-state forms of environmental gover-
nance (often labeled private governance, e.g., Pattberg 2007; Tysiachniouk
2012) rely on information resources considerably, especially at sea. Whether
or not information is used only to spin a sustainable image (so-called green
washing), both market parties and NGOs widely use information in order to
substantiate, accept, and communicate the ecological rationality of proposed
private governance measures, as well as to ensure and check compliance.
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The second reason for the importance of information in marine governance
is that detecting and monitoring environmental deterioration in the oceans
requires different information systems and practices when compared to ter-
restrial environmental protection. Deterioration of the marine environment
is not easily sensed by citizens and communities, as they do not experi-
ence or easily consider the oceans as their heimat or backyard (Toonen and
Lindeboom 2015). Even though sea-faring users, fishermen in particular, are
known and renowned for their rich knowledge of the marine environment,
their perceptions can result in overlooking or misunderstanding environ-
mental conditions in their noticing/assessing fish stock depletion, discharge
of ballast water, oil leakage, and biodiversity decrease (Verweij et al. 2010).
Technologically advanced monitoring and information systems are needed
even more if we want to trace back to the economic actors who caused the
deterioration.

For two decades, scholars have investigated environmental governance
through information, often labeled informational regulation or informa-
tional governance. In informational governance of the environment, the
disclosure and use of environmental information (through labels, product
information systems, certification, bench marking, company environmental
reporting, pollutant registries, sustainability rankings, etc.) are considered
the main mechanism for (re)directing behavioral changes, rather than direct
state regulation (e.g., environmental laws, licenses, state enforcement) or mar-
ket incentives (e.g., subsidies, levies, payment for environmental services)
(Mol 2006, 2008). Because governance through information is not exclusively
linked to governments, but well suited to steering by non-state actors, one
could expect that forms of informational governance will also—or perhaps
even especially—prevail at sea.

This chapter explores the current practices, experiences, and future outlook
of informational governance of marine resources. We start with theorizing
informational governance (Section 6.2). Subsequently, we analyze the func-
tion and prevalence of informational governance in three marine sectors:
fishing, shipping, and tourism (Sections 6.3, 6.4, and 6.5). After comparing
the three sectors on prevalence, practices, and challenges of informational
governance (Section 6.6), we reflect on the contribution of these sector-
based informational governance systems to integrated ecosystem-based
approaches in marine governance.

6.2 Environmental Governance through Information
6.2.1 Informational Governance

It is only since the mid-1990s that information disclosure, right-to-know,
company environmental reporting, pollution release and transfer registers,
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sustainability rankings, and informational labels and certifications have
been interpreted as making a major contribution to new forms of environ-
mental governance (Karkkainen 2001; Mol 2006; Stewart 2001). In the legal,
economic, and sociological international literature, the influence of the wider
production and availability of environmental information on environmental
regulatory and governance processes has been brought together under the
notion of informational regulation or informational governance (Case 2001;
Cohen 2000; Kleindorfer and Orts 1999; Konar and Cohen 1997; Mol 2008;
Tietenberg 1998). The concept of informational governance, as we draw on
in this chapter, refers to the idea that information (and informational pro-
cesses, systems, technologies, institutions, and resources linked to it) is fun-
damentally changing processes, institutions, and practices of governance,
thus making them essentially different from conventional modes of gover-
nance (Mol 2006, 2008). Conventional regulation and governance rely heavily
on authoritative resources, belief in information control, and state power. In
informational governance, information is becoming a crucial (re)source with
transformative powers for a variety of actors, although nobody is in full con-
trol of the collection, verification, and use of information.

Information has been part of environmental governance since its estab-
lishment in the 1960s. In conventional regulatory systems, state authorities
rely on state-run, expert-led, and (natural) science-based monitoring systems
to see whether, where, and when state regulation is effective, enforcement
needs to be intensified, and policies have to be adapted. However, in infor-
mational governance, new information systems and mechanisms as well as
mandatory or voluntary information disclosure stimulate new governance
and enforcement practices and dynamics. What makes information gover-
nance arrangements different from conventional regulatory governance is
that information itself starts to become a constituting and transformative
force in environmental governance instead of just being an enabling condi-
tion for formulating, implementing, and monitoring state policies. Moreover,
while scientific information (central in conventional state governance) con-
tinues to play an important role in this governance through information, it
is often blended with information from practitioners, local experts, citizen-
consumers, and the media. Marine governance witnesses many examples
of mixing different kinds of informational sources, for instance, the joint
fact-finding and inclusion of scientific and stakeholder knowledge in fisher-
ies management (e.g., Holm 2002; Toonen and Mol 2013; Verweij et al. 2010;
Wilson 2009).

Information disclosure to competitors, chain actors, customers, the state,
consumers, and the public at large is then to be understood as an act of gov-
ernance and an enforcement mechanism supports and complements (and
in specific cases even replaces) conventional governance and enforcement
via the state. Polluters feel motivated and/or forced to clean up in order to
safeguard reputation and markets. But informational governance moves
beyond disclosure of polluters. State agencies, international organizations,
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companies, utilities, NGOs, retailers, consumers, and the like govern—
and are being governed—through the production, use, release, framing,
accessibility, demand, and verification/certification of information. These
forms of informational governance prevail especially in contexts where
conventional nation-state governance is not considered adequate, effec-
tive, or desirable (e.g., where governance responsibilities are shifted to
self-governing communities, or governance transcends the nation-state
and becomes international/global, as in the case of marine environmen-
tal protection). According to Graham (2002), mandatory and voluntary
disclosure strategies differ in three ways from conventional governmen-
tal environmental policies. First, these strategies influence environmen-
tal risks not through legislative or regulatory processes by the state, but
through non-state (thus, societal and market) pressure. Information then
becomes the main tool to affect others, such as the public in their capac-
ity of citizens and/or consumers, or chain partners, in order to achieve
behavioral change of polluters. Second, the regulators are not only gov-
ernments; numerous non-state actors who are empowered by knowledge
and information also attempt to influence the purchasing of products and
services, credits and investments, handing out insurances, voting, collec-
tive actions, and so on. Third, these systems extend beyond the reach of
the government and beyond national boundaries, and thus have competi-
tive governance strengths beyond sovereign territories and an interna-
tional outreach.

6.2.2 Challenges of Informational Governance

Informational governance is articulated as a relatively new phenomenon
of how actors aim to govern the environment under conditions of global-
ization and the Information Age (the centralization of digitalization/com-
puterization in all aspects of societal development, Castells 1996/1997; Mol
2008). Informational governance emerged relatively recently, but its pres-
ence is not equally distributed over all environmental issues and places/
countries. Moreover, informational governance should not be understood
as a better form of governance compared to conventional or other forms
of environmental governance. Informational governance has no overall
normative preference. The emergence of informational governance raises
a number of questions and challenges, of which the most important ones
are (Esty 2004; Fung et al. 2007; Gupta and Mason 2014; Howes 2002; Mol
2006, 2009)

1. Governing through information works only under certain condi-
tions: when information becomes freely available and widely acces-
sible, and when actors, practices, and markets are responsive to
disclosed environmental information. This is not always and every-
where the case.
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2. The collection, distribution, and access to data and information for
informational governance are related to power. Hence, some actors,
countries, and regions with poor information production and access
capacities are disadvantaged, resulting in mechanisms of inclusion
and exclusion. Hence, we partly witness new forms of inequalities,
and partly the strengthening of existing forms of inequality in envi-
ronmental governance.

3. Science is no longer the only information provider (see Chapter 10
in this volume). With multiple information producers and distrib-
uters of different kinds, it is essential to safeguard the quality and
credibility of information and data for the quality of informational
governance. How to ensure high quality and credibility of informa-
tion, how to make high-quality data and information more influ-
ential and ensure delegitimizing of low-quality data, and how to
prevent information quality requirements that block data disclosure
are important questions. With the sharp increase of information
availability on the Internet, reliability of and trust in information
comes increasingly with reliability of and trust in information pro-
viders, whereby reputation and reputational capital are becoming
crucial resources.

4. Governance through information runs against the danger of infor-
mational overflow: there is a risk in producing and distributing too
much (contrasting) information so that information loses its power
as it becomes impossible to distinguish true from false information.
This “drowning in information” reduces the usefulness and steer-
ing capacity of information disclosure. Informational overflow is
not only a negative side effect but can be—and is—also constituted
strategically and purposefully, to ensure informational governance
failure.

Hence, what we see is that conflicts about protecting the (marine) environ-
ment are partly relocated to the information scape, where different actors try
to obtain favorable information power positions. Eco-labelling, certification,
green standards and classifications, benchmarking, sustainability rankings,
and other informational instruments are not so much the result of scientific
calculations presented in a neutral way, but are powerful acts of governance
that come with major controversies.

6.2.3 Assessing Informational Governance in Marine Management

Informational governance works primarily through the disclosure of infor-
mation on specific actors and practices. The most well-known and well-
studied terrestrial forms of informational governance are related to major
industrial polluters, financial investors, energy and other utility companies,
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agricultural food producers and food chains, and the like (e.g., Gupta and
Mason 2014; Mol 2010; Zhang et al. 2016). In order to gain a better insight
in the prevalence, strengths and weaknesses, and future of informational
governance in the oceans, we have selected three marine sectors to be ana-
lyzed on their actual and potential informational governance practices at
sea: fishing, shipping, and tourism. To what extent do we see informational
governance arrangements regarding these sectors, and what form do these
arrangements take? Do actors and activities involved in environmental dis-
ruptions at sea change their behavior/practices when they are confronted
with such informational governance arrangements? Why, how, and to what
extent do they do that, and does that also have possible negative or contro-
versial side effects?

Our assessment on informational governance initiatives and arrange-
ments is based on earlier marine research by us and our colleagues at the
Environmental Policy Group (Wageningen University), as well as a further
(primary and secondary) literature review. We mainly focus on a qualita-
tive assessment of informational governance, as quantitative data are hardly
available and difficult to compare (for illustrative purposes, we present some
numbers in Tables 6.1 through 6.3; however, this is based on information
provided by the organizations themselves, because independent sources
about performance are lacking). Our emphasis in this chapter is on so-called
third-party verification. Third-party verification of labeling, certifications,
benchmarks, sustainability rankings, emission disclosures, wallet cards, and
the like is carried out by an (often accredited) auditing organization inde-
pendent from the value chain. Modes of informational governance can also
include first-party assessments (hence, self-assessments or self-disclosure of
environmental information) and second-party verification (actors within the
production chain are auditing and certifying their chain partners). However,
discussions about credibility of information providers and users (a main
theme in this edited volume) are more self-evident in first- and second-party
assessments than in third-party verification.

6.3 Certifications and Seafood Guides in Sustainable Fisheries

In line with the growing realization that many environmental issues are
global challenges, attention to the well-being of the world’s oceans mounted
in the 1980s. Overfishing in particular became a top priority on the sustain-
ability agenda because fishery efforts and effectiveness increased substan-
tially, due to improved gear and technologies (Dayton et al. 1995; Pauly et al.
2005; Worm et al. 2006). Upscaling in fisheries also led to more damage to, and
even destruction of, habitats and benthic communities (Dayton et al. 1995).
Moreover, Lewison et al. (2004) showed a significant increase of (incidental)
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takes of nontarget species such as whales, dolphins, sharks, turtles, and sea-
birds since the mid-1980s. In the 2014 edition of The State of World Fisheries and
Aquaculture, the Food and Agriculture Organization of the United Nations
(FAO) pointed out that the number of overfished stocks have continued to
increase since the late 1970s, even though the pace slowed after 1990 (FAO
2014). FAQO’s estimations from 2011 indicate that 28.8% of the total number
of stocks assessed were overfished (in FAO terms “fished at a biologically
unsustainable level”), and about 61.3% were fully fished (FAO 2014). Also,
there is still an ongoing threat to marine biodiversity due to bycatch in fish-
eries (see, e.g., Wallace et al. 2013; Worm et al. 2013).

In the late 1980s, NGOs were no longer convinced that conventional state-
focused strategies would help spur marine conservation (Ward and Philips
2008). Drawing on a market approach, they started to develop new consumer-
oriented lines of action, especially in the United States (Iles 2004; Konefal
2013), where the wider public had a specific concern about dolphin bycatch
during tuna fishing and, following a large consumer boycott of canned tuna,
“dolphin-safe” or “dolphin-friendly” labels appeared on canned tuna. In
1988, the Flipper Seal of Approval was launched by the Hawaii-based NGO
EarthTrust, and the California-based NGO Earth Island Institute established
a dolphin-safe label in 1990. Also, the U.S. Department of Commerce moved
in this new direction and launched a dolphin-safe label in 1990 (Konefal
2013; Teisl et al. 2002).

In the following decade, a proliferation of seafood labels occurred in other
parts of the world, most notably in Europe, but also in Japan (Parkes et al.
2010). This led to a huge variety in NGO-led, state-led, industry-driven, and
joint partnership programs. Leading actors of the most established schemes,
however, are mainly not-for-profit organizations—together dubbed the sus-
tainable seafood movement (Konefal 2013). This movement includes gen-
eral environmental NGOs, specialist NGOs that focus on specific issues in
marine conservation or food safety/quality, and certifying organizations,
which are not necessarily not-for-profit organizations (see Chapter 18 in this
volume). Although the initial focus was on one single (bycatch) species, the
scope soon broadened and many certification schemes now include broader
sustainability requirements, such as the need to address stock overexploita-
tion of a target species and minimizing harmful impacts of fisheries on the
marine ecosystem. A well-known example of a “broad” standard is the global
certification programs of the Marine Stewardship Council (MSC), which was
set up in 1996 by a partnership of the World Wide Fund for Nature (WWF)
and the multinational corporation Unilever, and was replaced in 1998 by an
independent certifying body (Gulbrandsen 2009; Ward and Philips 2008).
Because it draws on third-party assessments with independently accredited
auditors, MSC is regarded as one of the most credible certification schemes
(Gulbrandsen 2009). However, MSC also receives criticism for being, among
other things, lenient and unable to show real impact (Christian et al. 2013;
Cressey 2013; Gulbrandsen 2009; Ward and Philips 2008).



136 Effective Coastal and Ocean Management

Another informational mode in fishery governance that emerged at the
start of the new millennium is the so-called seafood guides (Iles 2004; Ward
and Philips 2008; Roheim 2009). These guides are mostly nation- or region-
specific, linking up to consumers in terms of language and diet wishes.
Based on a traffic-light system, the guides help consumers in buying “best
choice” fish (marked green), a “good alternative” (seafood with some sustain-
ability concerns, marked orange), or in avoiding fish products not derived
from sustainable fisheries (marked red). Some seafood guides include a
fourth category, adding whether a fishery has been certified, for example by
the MSC or the Earth Island Institute’s dolphin-safe label (de Vos and Bush
2011; Roheim 2009). Seafood guides were first only available as printed wal-
let cards, but now they are also accessible via mobile apps. Seaman (2009)
estimated that up to 200 guides are in use, mostly driven by not-for-profit
organizations. WWE, for example, launched national seafood guides in more
than 10 countries. Aquariums are another prominent player strengthening
the sustainable seafood movement in this respect. The most famous example
is the Seafood Watch of Monterey Bay Aquarium. Its outreach is immense,
both in terms of numbers of wallet cards handed out and in terms of other
seafood guides following the aquarium’s design and/or recommendations
(Seaman 2009; Roheim 2009).

Performance indices or league tables are a different kind of market-based
tool used to show the relative sustainability performance of retailers and how
(large) processing companies perform. These indices are designed to influ-
ence a company’s reputational capital and to push consumer preferences
toward sustainable brands. Compared to standards and guides, rankings
seem not very widespread in fishery governance, although Greenpeace has
several league tables, such as a sustainability ranking on tuna fish and vari-
ous nation-specific supermarket rankings on seafood (Greenpeace 2013, 2014).

Information challenges faced in fisheries management are equally evident
in governing through certification, guides, and rankings, as in the science—
policy interface in traditional (state-led) decision-making (see Chapters 4
and 8 in this volume). Discussions about the extent to which fisheries alone
are responsible for low stocks and ecological damage remain persistent,
also in informational governance arrangements. Also, uncertainties related
to unknown or missing data are complicating decision-making processes
(Ruckelshaus et al. 2008; Garibaldi 2012; Wilson 2009). More than in gov-
ernmental steering, in informational governance arrangements the author-
ity of leading actors is explicitly linked to information quality. Informational
authority, that is, the decision-making power on what/whose information
is needed and used, is reliant on whether the public at large considers the
information provider trustworthy (Iles 2004; Auld and Gulbrandsen 2010;
Mol 2008; Ward and Philips 2008). Because Seafood is publicly visible com-
modities, problems with traceability and mislabeling are major threats for
informational governance programs (Jacquet and Pauly 2007, Miller and
Mariani 2010).
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Most well-established programs are led by not-for-profit organizations, and
fall in the category of third-party verification. Authority can be safeguarded
in two ways: by ensuring independence of the auditors and by making use
of science-based information a key principle (e.g., through scientific review
panels, and hiring independent scientists for assessments) (Gulbrandsen
2009; Toonen and Mol 2013). But these strategies have consequences for inclu-
sion and exclusion of fisheries, for instance, if data are unavailable or finan-
cial burdens become too high. This is especially challenging with regard to
the participation of small-scale fisheries from the global South (Bush et al.
2013).

Another pending question is whether information-based tools bring about
sustainable change in global fisheries (Jacquet and Pauly 2007, 2008; Jacquet
et al. 2010). In a 2008 FAO review, it was concluded that uptake of seafood
eco-labels remains modest and limited to specific countries or regions, such
as northwest Europe and the United States, in case of MSC (Washington
2008). Table 6.1 shows key characteristics, including recent numbers about
outreach, of five well-known examples of informational governance arrange-
ments using third-party verification. Although these figures show impact,
it remains difficult to measure success in addressing issues of overfishing,
declining marine biodiversity, and habitat destruction, both by individual
schemes, and in general (as even numbers about uptake by chain partners and
consumers of most individual schemes are not easily accessible). Moreover,
given the mushrooming of initiatives, the wide variety of labels for consum-
ers and the degree of competition between programs remain key challenges
(Roheim 2009; Jacquet et al. 2010). According to Parkes et al. (2010), overall
consumer confidence in labels is undermined due to inconsistent approaches
and conflicting advice of the many programs and schemes. Significant dif-
ferences exist, for example, in the way performance is assessed, with vol-
untary certification schemes providing in-depth assessments on individual
stocks, while seafood guides give general information at the species level.
There is a growing call for more harmonization of the various schemes (e.g.,
by Parkes et al. 2010).

6.4 Governing through Voluntary Shipping Standards

About 80% of the globally traded volumes are transported over sea. This
cargo shipping has various problematic impacts on the marine (and wider
atmospheric and terrestrial) environment related to resource depletion,
especially energy, but also end-of-life-cycle materials, accidental or deliber-
ate pollution of water (waste and waste water discharge at sea, oil leakage,
introduction of invasive species through ballast water) and air (greenhouse
gases, sulfur dioxide, nitrogen oxides), and disturbance of natural habitats
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related to, among others, marine protected areas and coastal protected areas
(Lai et al. 2011; Yang et al. 2013) (see also Chapter 13 in this volume).

There are a limited but growing number of governmental and interna-
tional regulations that aim to reduce environmental impacts from ship-
ping. The most influential regulations are the more than 20 international
conventions governed by the International Maritime Organization (IMO)
(such as the International Convention for the Prevention of Pollution from
Ships (MARPOL 1973/1978) and the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter (1972/1996), as amended).
However, these national and international regulations fall short due to their
time-consuming process of international decision-making, lack of (incen-
tives for) compliance for shipping companies, and lack of effective enforce-
ment mechanisms (DeSombre 2006; Wuisan et al. 2012).

Over the last 20 years (starting with the 1994 Green Award of the Port of
Rotterdam), but especially over the last 10 years, a variety of private and
public—private initiatives can be identified that aim to govern the greening of
shipping through non-state systems of informational governance. These per-
formance indices, labeling systems, certification systems, and management
systems are (largely) voluntary initiatives taken by different stakeholders in
the value chain of shipping, which target the environmental and sustain-
ability performance of cargo shipping through second- and third-party veri-
fication. Private classification societies (especially those that are members of
the International Association of Classification Societies—IACS) class ships
so they can benefit from preferential access to, for example, insurance, port
entry, and registry, also include environmental criteria related to ship con-
struction (DeSombre 2006, pp. 181ff). Most systems are based on (a set of)
environmental standards and requirements related to installed equipment
(e.g., double hull, air pollution abatement technology), operational measures,
management systems, legal compliance, and/or environmental performance.
EMSA (2007) and Svensson and Andersson (2012) listed 47 and 38 different
voluntary environmental performance indices/systems, respectively, rang-
ing from single issue systems on, for instance, energy performance (such
as the Energy Efficiency Operational Indicator of the IMO) to systems that
include a variety of environmental variables into one index/label (such as
the Clean Shipping Index or Lloyd’s Environmental Protection).

Informational governance arrangements for sustainable shipping vary
in geographical reach (national versus international systems), and in target
groups and intended users (port owners, shipowners, cargo owners such as
those working together in the Clean Cargo Working Group, governmental
authorities, etc.). There is a huge variety in application, as well as in the actors
initiating, designing, and operating the system. Many of the more popular
and advanced systems have third-party verification, enhancing quality con-
trol of the data used for performance assessment, and increasing credibility.
Various studies have also identified or proposed criteria to assess the qual-
ity and usefulness of these environmental shipping indices or performance
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standards (e.g.,, EMSA 2007; Jivén and Jivén 1998). These criteria are compa-
rable to, and reflect, more general requirements for voluntary environmental
performance indicators/indices or labels.

These voluntary systems on greening shipping are used for governing the
environmental performance of shipping in various ways. Some systems are
linked to financial incentives such as port dues, registration fees, or tonnage
tax (e.g., Maritime Singapore Green initiative, World Ports Climate Initiative,
Green Award Foundation). Other systems are related to the possibility to
obtain a specific insurance or insurance premiums (such as those of the
American Bureau of Shipping or Nippon Kaiji Kyokai), or even to port access
(such as classifications of ships by IASC members). Systems are also devel-
oped and used by cargo owners as a prerequisite for being able to ship their
cargo; for example, indices developed by the Clean Shipping Project (Wuisan
etal. 2012) or the Clean Cargo Working Group (Svensson and Andersson
2012). Walmart and IKEA are examples of cargo owners that apply these tools
in selecting shipping companies (Lai et al. 2011). Larger associations of cargo
owners also use some of these voluntary informational systems, such as the
Oil Companies International Marine Forum and the Chemical Distribution
Institute, representing oil companies and chemical companies, respectively
(DeSombre 2006). Indices are also used by ship owners and their associa-
tions (such as INTERTANKO and INTERCARGO) and transport buyers to
regulate and differentiate themselves from other transporting companies
and cargo owners in an increasingly global competition where environmen-
tal performance is starting to become a relevant competitive advantage.

Implementation of the voluntary systems in practice shows various short-
comings in improving environmental performance through such largely
private informational governance arrangements. Cargo owners, which are
the powerful players in sea freight shipping, still rarely set strict environ-
mental demands on shipping companies, as low costs and on-time delivery
prevail (Wuisan et al. 2012). As such, they do not frequently ask for transport-
ing companies fulfilling green indices for shipping. But there are exceptions.
Liner shipping offers more possibilities than bulk shipping due to the lower
transport costs as a percentage of the final price and the higher public pro-
file of consumer goods through liner shipping. Long-standing supply chain
relations and contracts between cargo owners and shipping companies show
more opportunities for the application of environmental performance indi-
ces and voluntary green shipping practices than short-term temporary con-
tracts (Yang et al. 2013). Also, the large well-known cargo owners (e.g., IKEA,
Mattel, Nike, HP, and Walmart), mega-shipping companies (e.g.,, Maersk, APL,
NKY, OOCL, and Hapag-Lloyd), and well-known globally leading sea ports
(e.g., Rotterdam, Singapore, Hamburg, and New York) seem more willing to
implement and enforce voluntary standards than their smaller and less well-
known equivalents (Lai et al. 2011). In addition, the large number of intermedi-
ary actors (such as brokers, forwarders, operators, and managing companies)
complicate and limit the application of voluntary green performance indices



140 Effective Coastal and Ocean Management

and systems. The limited public visibility and transparency of these volun-
tary systems also hamper public pressure on the environmental behavior of
cargo owners and shipping companies (compared with, for instance, trans-
parency and public pressure for sustainable fish). This can be illustrated by
looking at five key examples: Table 6.2 shows, next to some basic information,
that information about the outreach to consumers is lacking.

A more recent development is that some of the voluntary systems have
turned compulsory, especially those that are (co)developed by the IMO or
national governments. An example is the Energy Efficiency Development
Index, although it is only compulsory for new ships built after its entering
into force in 2013. This turn to mandatory systems may also happen for other
voluntary systems in the future. A second development is a growing call
(by shipowners, transport buyers, and international organizations such as
IMO and WWF) for internationally accepted standards, a meta-standard,
harmonization, and/or even a unified system. Confusion, incomparability,
unfamiliarity with each of the systems, high administrative burdens, and
difficulties in communicating environmental performance to the public are
often-mentioned reasons for the meager proliferation and implementation
of these informational governance instruments. Moreover, a further harmo-
nization and integration of this too diverse field of voluntary systems and
standards is believed to be essential for mitigating these shortcomings (see
also Chapter 13 in this volume).

6.5 Governing Coastal and Marine Tourism

Tourism is one of the fastest growing economic sectors around the world,
and in many countries it contributes to major increases in employment and
economic growth. The most recent numbers from the United Nations World
Tourism Organization (UNWTO) point to 1,135 million international travel
arrivals in 2014, and forecasts indicate a 3%—4% growth in 2015 (UNWTO
2015, p. 11). Part of this tourism is related to the oceans, either in coastal
areas through hospitality tourism in coastal hotels and resorts, beach activi-
ties, nature activities, docking stations for large cruise ships, marinas, or at
open sea through cruises, sailing, diving, whale/dolphin watching, and so
forth. With the intensification of marine tourism, the potential environmen-
tal impacts also increase, and thus the need for mitigation measures. Besides
governmental policy and requirements, informational governance through
voluntary environmental information provisioning, labels, benchmarking,
sustainability rankings, and certification schemes, first introduced in Europe
in the 1980s, is one of the strategies to reduce marine tourism environmental
impacts. These voluntary systems can be consequential, especially in under-
regulated sectors such as cruise tourism.
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A large variety of tourism-related environmental certification schemes,
labels, and information provisioning have been developed over the last three
decades, but most of them are related to the hospitality sector. Estimates
range between 128 (Gossling and Buckley 2014) and 300 voluntary certifi-
cation schemes (Lebe and Vrecko 2014). A small but increasing number of
labels, information, and certification schemes are directly focused on the
marine environment, such as those for cruises, beaches, marinas, cruise
terminals, and touristic activities at sea. Quite a number of labels, informa-
tion, and certification schemes are more general but also relevant for marine
tourism, such as Green Globe and Green Key eco-labels (for hospitality on
cruises) and the Carbon Disclosure Project (greenhouse gas emission report-
ing of cruise lines; see Lamers et al. 2015).

Voluntary informational governance is a very diverse, little structured,
and not very transparent field in coastal and marine tourism. Labels, infor-
mation, and certification schemes differ in various dimensions. They vary by
the organization which has developed and implemented these labels: some
are in the hands of private (for-profit) organizations/associations (such as the
Voluntary Initiatives for Sustainability in Tourism (VISIT) in Europe), others
are run by not-for profit NGOs (such as the Blue Flag program, run by the
Foundation for Environmental Education; Creo and Fraboni 2011), while still
others are fully public ones (such as the EU eco-label), with in-between all
kinds of hybrid schemes (such as the UK Green Sea Initiative, which includes
public and private actors).

Certification and information schemes differ also in their geographi-
cal spread, especially the place-based ones such as those focused on
beaches, diving, and marinas. Some are truly global (e.g., Blue Flag, Green
Globe, Global Reporting Initiative; Bonilla-Priego et al. 2014), others have
a regional orientation (Certification for Sustainable Tourism in Latin
America), and national ones also exist. Some cover a single activity such
as a boat trip (whale/dolphin/seal watching; e.g., Taiwan Cetacean Society
program; Chen 2011) or a dive (e.g., the STEP Dive Center Standard; PADI
Environmental Achievement Award), others are directed at complex ser-
vices (a full holiday including travel, overnight stay, and various activities)
or infrastructure (e.g., a beach or marina; Botero et al. 2015). The diversity
also relates to the coverage of the certification scheme or label. Some are sin-
gle-issue labels, such as the carbon labels on travel (Gossling and Buckley
2014; e.g., the greenhouse gas emission standard of Shipping Efficiency),
others cover a variety of environmental impacts ranging from energy and
water use—via environmental management systems, purchasing and envi-
ronmental training—to waste handling (such as the Clean Marine Program
ratings of marinas, the Blue Flag program for beaches and marinas using
32 criteria, and Green Globe). Most of these (marine-related or general tour-
ism) labels and certification systems are third-party certified, but some are
second-party certified (such as the STEP Dive Center Standard and Go Eco
Operator certification).
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Besides labels or certifications, some programs also aim to benchmark
marine tourism in a specific sector or provide recommendation lists. Friends
of the Earth (FoE) annually reviews major cruise lines on their environ-
mental performances (sewage treatment, air pollution, water quality com-
pliance, and transparency) in their Cruise Ship Report Cards (FoE 2014);
these reviews were initially done in cooperation with the Cruise Lines
International Association, but since 2014 have been conducted indepen-
dently. The U.S. Clean Beach Coalition of public and private actors provides
an annual recommendation list of Blue Wave Beaches in the United States,
as does the Marine Conservation Society with its Good Beach Guide. And
Green Globe is a general ecotourism benchmarking system, also applicable
for marine tourism.

How does this variety of voluntary systems work in improving environ-
mental performance in coastal and marine tourism? Labels, information,
and certification systems and benchmarks can impact individual consumer
preferences as well as the behavior of institutional actors in the tourism
value chain (investors, tour operators). Table 6.3 presents five early (but
still existing) examples, showing outreach to either tourists or chain actors,
or both. Various studies have been carried out to estimate to what extent
tourists are sensitive to and (re)direct their behavior following environ-
mental/sustainability certificates and schemes. In most tourism markets,
tourists welcome such informational governance instruments but gener-
ally do not consider them of major importance in selecting tourist services
and/or paying a premium; hence, there is limited market advantage (e.g.,
Chen 2011). Some studies identify a niche group of tourists that is guided
in preferences by eco-labels (Blanco et al. 2009; ITB/IPK 2012), also as a
kind of general quality assurance. For instance, the beaches on the US Blue
Wave benchmark list attract more beach tourists than alternative beaches
in the region.

Some institutional actors in the tourism value chain are also attracted by
these informational governance systems. Tour operators and investors aim to
fulfill environmental conditionalities of such voluntary programs to obtain
a competitive advantage or prevent negative exclusion in markets, espe-
cially in highly competitive marine tourism markets. The Blue Flag label,
for instance, does attract investment in additional hotel construction along
labeled beaches (Blackman et al. 2014; Lucrezi et al. 2015). Some tour opera-
tors only select tourist facilities with specified labels. In addition, voluntary
labels and certifications are also used to show civil society and other marine
users the environmental advances made by the marine tourism sector, for
instance, around marinas, or in conflicts between nature protection organi-
zations and diving schools. Finally, these voluntary programs are sometimes
applied out of intrinsic sustainability motivations of tourism facility/service
operators.

But there are clear limitations. The rapid growth of tourism eco-labels and
certification schemes endanger the effect of these schemes on customers and
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consumers, as their large number, unfamiliarity, confusingly similar names,
unclear communication, and low credibility (especially of sector run pro-
grams; de Groot and Bush 2010) make their governing power limited (Lebe
and Vrecko 2014). Also, the coverage of the labels (in terms of environmental
criteria included) and the stringency of requested adaptation is the subject of
frequent criticism: often requirements to obtain a label/certificate do not go
beyond national laws.

6.6 Comparing Informational Governance
Arrangements between Sectors

Informational governance draws on the governing strength of disclosing
information about how, and to what extent, actors in their practices impact
the marine environment, therewith pushing them toward sustainability
change. Illustrated by informational governance reviews from three distinct
sectors, it becomes clear that “regulatory” roles become available for a wide
variety of actors. Positions in information gathering, processing, disclosing,
communicating, verifying, certifying, and so forth, are not just bound to sci-
entists, experts, and state authorities, as is most common in state-led gover-
nance and decision-making, but are open to and actively seized by a wide
variety of actors. There are seemingly broad and ever-changing constella-
tions of actors involved in informational governance: private companies
within the sector; a wide range of other private companies, such as insur-
ance companies, banks and investors, consultancies, and certification bod-
ies; NGOs of different interest, size, focus, and operational scales (local to
global); a diversity of state institutions (again from local to global levels); and
scientific and expert institutions.

Some general differences in actors leading informational governance
can be identified among the three sectors. In fisheries, NGOs clearly play a
dominant role in agenda setting, designing informational instruments and
implementing them. While informational governance by NGOs started with
raising public awareness and changing retailing and consumption practices
around dolphins and whales, the so-called seafood movement later moved
toward protecting less attractive and mediagenic species, and addressed
more complex themes as resource depletion and habitat destruction, espe-
cially through labeled products and wallet cards. In shipping, large for-
profit private actors (such as cargo owners) and state actors (such as port
authorities) are leading information governance at sea, although they are not
always behind the design of these instruments. With the absence of wide
public attention for environmental impacts of ocean transportation, the main
emphasis is on pushing business partners up and down the chain toward
more environmental awareness. Informational governance works especially
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where business relations are predictable and durable, as shown by the fact
that more persistent modes of informational governance are found in liner
shipping than in bulk shipping. In tourism, practices are more diverse and
leaders/frontrunners in informational governance are not easily character-
ized. Trends in cruise tourism seem to be more or less in line with those in
liner shipping, with big private companies (and global NGOs) focusing on
affecting chain partners instead of addressing tourists directly. In localized
tourism initiatives or single activities (beaches, diving, and whale watch-
ing), informational governance arrangements address individual tourists
that engage in a particular practice.

Hence, the organization of the sector-specific value chain rather than the
actual environmental impact of the marine practice determines the leading
actors in informational governance of the marine environment. While in
state-led marine governance the focus is on the ones closest to the problem
(polluters/extractors), in (primarily private) informational governance this is
not necessarily the case. The main focal actor for informational governance
is often a publicly visible and/or leading actor in the value chain. In case
of consumer products (e.g., fish on the shelf) or consumer experiences (e.g.,
ecotourism in a local/beach context), leverage points and key actors are often
positioned close to consumers, using information to steer the practices con-
sumers are engaged in (e.g., shopping, selecting a beach) toward sustainabil-
ity. Informational governance in shipping and cruise tourism cannot make
much use of public visibility and individual citizen/consumer choices. Here,
informational governance works higher up in the value chain, between
institutional actors. With these latter forms of informational governance,
the leverage and driver is not so much related to price premiums or major
new market shares, but rather part of safeguarding a social license to oper-
ate and preserving reputational capital, especially for major brands. Eco-
labels, information and certification schemes, and sustainability ratings/
benchmarks give account of a company’s sustainability profile and hence its
license to operate.

These forms of informational governance of the oceans are, of course, not
without problems. Besides the standard environmental governance prob-
lems (lack of capacity, implementation deficit, marginal impact in chang-
ing practices), our review identified at least three additional weaknesses
in informational modes of marine governance. First, more than conven-
tional state-led forms of governance, informational governance is faced
with data/information challenges such as environmental data deficiencies
(especially in the global South and/or specific practices), data uncertainties,
and data quality/verification. Second, for a number of environmental chal-
lenges in the three sectors, a danger of informational/labeling overflow is
emerging. This overflow often goes together with competing informational
systems (and competition between the interests and organizations that go
behind these informational systems; Miller and Bush 2015) and little coor-
dination or harmonization between these competing systems. The multiple
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informational systems for sustainable fish form a key example of this over-
flow, but there are others. This causes confusion and undermines the cred-
ibility and effectiveness of such informational instruments. Third, not all
value chain actors related to marine environmental pollution or resource
extraction practices are equally vulnerable for and reactive to informa-
tional governance arrangements. In quite a number of cases, companies
or consumers in markets do not react upon informational governance
instruments such as eco-labels, sustainability rankings, or information
disclosure.

Hence, informational governance in our three sectors will not easily
replace state-led governance for sustainability. More likely, informational
governance of the oceans will complement, strengthen, and intertwine with
state-led forms of marine governance, resulting in more complex polycen-
tric and multiactor governance arrangements at sea. Informational gover-
nance of the oceans will especially emerge when it fills a void left by weak
state environmental governance, by unambitious state environmental gov-
ernance, and by extra-sovereignty spaces. Moreover, this void is likely to be
filled successfully by sustainability advocates with value chain power: infor-
mational governance modes currently prevailing, at least in fisheries and
shipping, seem to have a bias toward actors (NGOs, consumers, and private
companies) from the global North.

6.7 Epilogue: Ecosystem-Based Governance
through Information?

As has been widely stated and evidenced, state-based governance of marine
resources has clear limitations in the current era. Increasingly, other actors
perform on the marine environmental protection stage, using a wider vari-
ety of governance resources. The notion of informational governance cap-
tures the development that private actors use informational resources and
processes to move marine practices in more sustainable directions. Our
investigation of informational governance in three marine sectors (fisher-
ies, shipping, and tourism) showed a wide diversity of such practices and
arrangements with an equal diversity in impact. What has become clear
from this review is that marine informational governance is sharply emerg-
ing and should no longer be considered a marginal or peripheral activity in
protecting our marine environment. It is an important governance mode,
which is here to stay, complementary to (rather than replacing) state-based
marine governance.

In exploring informational governance at sea, this chapter focused on
marine sectors and thus sectoral forms of marine governance. Sectoral
forms of environmental governance are somewhat in contrast with the
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current call for a more integrated management of marine resources, where
not so much individual practices or sectors are central foci of environmen-
tal governance, but rather the preservation of ecosystems. Ecosystem-based
approaches to marine resources (e.g., Cury et al. 2005; Gilliland and Laffoley
2008; Ruckelshaus et al. 2008) take the desirable state of place-based com-
plex ecosystems as their object of study and starting point of governance,
rather than the impacts of social practices, sectors, or mobile polluters (e.g.,
cargo and cruise ships) or resources extractors (e.g., fishing vessels, sand or
oil extracting companies). The boundaries of ecosystem-based approaches
are typically based on scientific denominators derived from biogeography,
oceanography, and the like, rather than on social characteristics of social
practices, economic sectors, or companies. Regularly, skepticism has been
expressed regarding the realism of such integrated and complex ecosystem-
based approaches and models, and regarding defining reference points of
optimum marine ecosystem metrics (Cury et al. 2005). But there seems to
be wide acceptance that such complex ecosystem approaches are preferable
to more single-species or single-use protection efforts of marine resources.
Since the start of the new millennium, governments have been in the pro-
cess of establishing marine protected areas (Halpern et al. 2010) and have
emphasized marine spatial planning (Jay et al. 2013), both typical tools of
ecosystem-based governance where the objective is place-based ecosystem
protection.

In light of the rising importance of marine ecosystem-based management,
the question is whether sector-based informational governance arrange-
ments can be integrated to serve and support integrated ecosystem-based
marine management. Could these sectoral informational arrangements in
one way or the other be joined or combined to develop a more integrated
informational governance approach toward marine ecosystem protection?
This does not seem very likely. The informational governance arrange-
ments for marine protection we studied differ fundamentally from ecosys-
tem-based approaches in that these are (1) rather social system-based and
oriented than ecosystem-based, (2) much broader in informational sources
as they include not just scientific information but also other non-scientific
information, and (3) less focused and referenced on place-based systems
but rather center around (regulating and governing) mobile flows (of fish,
ships, and tourists). Informational governance arrangements as discussed
in this chapter could even be seen as the opposite of an ecosystem-based
approach: a social system based approach, where governance is designed
on the basis of the characteristics of social systems (fisheries, shipping, and
tourism). As such, informational governance is not easily a basis, building
block, or framework for designing and implementing ecosystem-based man-
agement approaches. What seems more likely is that, either within or outside
the framework and contours of an ecosystem-based approach, sectoral infor-
mational governance arrangements and strategies are set to work to reduce
environmental impacts.
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7.1 Introduction

Sound knowledge is crucial for good coastal policy and management decision-
making, as well as to guide farsighted practices by relevant resource users. We
have in mind both group and individual decisions: (1) to support or oppose
policy initiatives impacting coastal conservation, (2) to manage resources in
particular ways, (3) to comply with conservation regulations, and (4) to engage
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in voluntary conservation actions. In many contexts, marvelous opportunities
to protect or improve coastal systems exist, but they are neglected because
their benefits are underappreciated compared to their costs. And, of course,
long-term risks also exist, for example, situating oil facilities nearshore or off-
shore, applying fertilizer to farmland near estuaries, and resisting or defying
fishing moratoria; when such risks are underappreciated, significant damage
can be done by misguided policies and practices.

Experts have recognized for decades that the complexity of coastal
systems—involving land and sea effects, multiple affected industries, and
multiple regulatory jurisdictions—necessitates integrated coastal manage-
ment (ICM). (These challenges are explored in detail in Mercer Clarke 2010.)
The need for integration requires that knowledge of coastal systems must
not only be generated, but also be incorporated sufficiently in decisions by
resource users, resource managers, and policy makers. In light of the highly
polarized opinion camps on coastal conservation issues, reliance on overly
simplistic information gathering and interpretation, especially when it leads
to confirming existing narrowness and biases, creates a significant barrier
to leaders who want to ensure that stakeholders have adequate knowledge
about complex issues. Therefore, it is desirable for such information provid-
ers to induce stakeholders to engage in more active, systematic information
seeking, as opposed to rudimentary information acquisition—or not seek-
ing relevant information at all.

Yet, in many contexts over the past several decades, knowledge use has
become more problematic than knowledge generation. As we shall argue,
the use of knowledge to make sound decisions based on ICM inputs is chal-
lenging. Although remarkable progress has been made in generating infor-
mation relevant to environmental decision-making, little attention has been
paid to the creation of supplemental information to guide stakeholders in
the use of this knowledge. Similarly, though challenges in the generation of
sound environmental information persist, it is clear that the uptake of sound
environmental information has not kept pace with its supply. Citizens,
resource users, and policy makers too often rely on partial, inadequate, or
inappropriate environmental information. To overcome the difficult chal-
lenges of integrated coastal management, the technical knowledge that often
is siloed within esoteric groups or insulated fields must be synthesized, trans-
lated, and made actionable for the community at large. This is important
particularly for selecting from among policies and practices that pose dif-
ferent types of risks residing in what seem like different areas of concern.
Cass Sunstein (2002) documents environmental policy failures that occur
due to misjudging or neglecting the relative risks of alternative policies. For
example, declining agricultural yields may seem like an isolated challenge
to farmers. However, to other stakeholders, such as fishers, this challenge
presents a significant risk for long-term yields because of the potential for
algal blooms and eutrophication of coastal waters due to increased fertilizer
use (Anderson et al. 2002).
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There is no shortage of possible reasons for the limited uptake of sound,
actionable coastal conservation information by stakeholders. Unsound
environmental messages can be retransmitted easily via social media net-
works, creating greater salience for members of the network than sound
information that better represents the complex issues relevant to coastal con-
servation. Assessing the authenticity and authority of information sources
can be challenging, raising doubt as to stakeholders’ ability to identify valid
information about coastal policies and practices. Similarly, overly technical
information is daunting to stakeholders who lack the esoteric vocabulary
that comes easily to those working directly on coastal conservation within
governments, nongovernmental organizations (NGOs), and coastal manage-
ment groups. In addition to the challenges posed by technical terminology
and a lack of confidence in the ability to discern credible, authoritative infor-
mation, the general overabundance of environmental information can cause
stakeholders to develop an inaccurate judgment of the capacity for individ-
ual action to make a significant difference in the long-term sustainability
of coastal conservation efforts. Further, a lack of differentiation from other
messages concerning the environment, such as global climate change, makes
coastal conservation knowledge vulnerable to issue fatigue.

These problems have been addressed largely with efforts to package and
deliver sound environmental information more effectively. While such
efforts are useful—particularly with regard to education and research in the
technical arena—we maintain that the primary problems challenging the
salience of sound environmental messaging and the ability of coastal con-
servation information to motivate action must be addressed from the other
side, that is, by devising approaches to induce more effective acquisition and
use of coastal conservation knowledge by stakeholders. Therefore, under-
standing how stakeholders acquire, interpret, and make decisions based on
coastal conservation knowledge is instrumental to any attempt to improve
coastal conservation knowledge transfer. This chapter offers approaches to
enhance the salience of sound coastal conservation information and to moti-
vate stakeholders to take action based on this information. Such approaches
are not intended to supplant marketing and communications strategies to
tailor information content and format for particular audiences; rather, our
focus pertains to strategies informed by social interaction, identity forma-
tion, and triggers that motivate the use of sound coastal conservation knowl-
edge, whether it is acquired actively or encountered passively.

It is important to note that the approaches may target one or more of four
somewhat overlapping arenas in which acquisition and use of coastal con-
servation knowledge may be relevant to stakeholders:

¢ Individual action and state of mind: for example, complying with or
defying regulations; adopting best conservation practices in farm-
ing, fishing, and so on; overcoming the anxiety arising from feelings
of lack of mastery
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® Peer interaction: for example, explaining ecosystem interactions,
expressing views on what ought to be done regarding coastal
management

e Collective action of nongovernmental stakeholders with common
interests: for example, farmers jointly mounting a lobbying effort for
or against a conservation proposal

¢ Government actions: funding research, creating regulations, invok-
ing regulations in particular cases, assessing effectiveness.

Stakeholders may straddle various arenas, or information contexts. For
example, sometimes stakeholders with common interests are also bound
together through simple friendship or family ties, or membership in social
or civic clubs that are not directly related to collective action with respect to
resource exploitation. Sometimes stakeholders with personal or group inter-
ests also serve on governmental or quasi-governmental planning commis-
sions, water district boards, and so on. Despite such overlaps, distinguishing
among these arenas is important because it clarifies the multiplicity of instru-
mental uses of the knowledge (select a position, strengthen the argument for
that position within the collective action group, strengthen the argument of
that position vis-a-vis the government) and a host of other motives, includ-
ing fulfilling basic psychological impulses, expressing value preferences,
gaining intellectual mastery, and achieving personal advancement.

7.2 Knowledge for Sound Coastal Conservation
Decision-Making

What does it mean to assert that a stakeholder has adequate knowledge to
make sound decisions about activities that affect coastal conservation? This
is the epistemological facet of the problem. Stakeholders must recognize that
information is relevant and useful in order for them to decide to incorporate
the information into their understanding of an issue. Relevance and utility of
information are assessed in a variety of ways, including source trustworthi-
ness, social consensus, and whether the new information makes sense in the
context of the stakeholder’s beliefs and value system.

Regarding the content facet of the problem, it is important to note that the
standard scientific knowledge that is typically the heart of the ICM knowl-
edge base has to be reinforced by the oft-neglected knowledge of the priori-
ties and outlooks of other actors. What do they want; how do they see the
world? For example, knowledge of current circumstances and causal patterns
should encompass the objectives, intensity, and outlooks of both allies and
opponents. This includes beliefs about causal patterns. Thus, if opponents of
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a conservation plan see a causal link between the plan’s elements and serious
declines in their yields, they may conclude that the plan would destroy their
businesses. The plan’s proponents, however, may be surprised by this conclu-
sion if they had believed it was common knowledge that the effects on yields
would be minimal. In short, the actual causal patterns are only one aspect
of conditioning factors that one must assess; the perceptions held by others
are essential, whether accurate or not. These viewpoints often are difficult to
understand without research, especially because opposing groups may have
significantly different value systems from which their issue-oriented positions
derive. More often than not, advocates of one perspective assume opponents
are ignorant, naive, misinformed, or mal-intentioned, rather than consider the
possibility that opponents are operating with a different worldview.

To comprehend the multiple perspectives of other stakeholders and the
motivations underlying their actions requires a sufficiently comprehensive
mapping of priorities, and sufficiently insightful understanding of others’
understandings of the effects of alternative policies and practices. In polarized
policy debates, with positions often expressed with hyperbole and demands
couched in extreme terms for the sake of negotiation, nuanced information
about the preferences and outlooks of others rarely can be acquired without
active information search. This greatly increases the knowledge burden for
those engaging in coastal conservation policy issues and, consequently, the
need for more comprehensive information searches.

To address the challenges of inducing more useful information searches,
we first present an overview of knowledge transfer and information behav-
ior. Next, we identify opportunities for intervention in the knowledge-
acquisition process that can be leveraged to enhance the salience of sound
coastal conservation information and motivate informed use of this knowl-
edge by stakeholders. Finally, we suggest categories of strategies to enhance
coastal conservation stakeholders” decision-making. The chapter concludes
with implications of these approaches and suggestions for future research.

7.3 Knowledge Transfer, Acquisition, and
Information Behavior

If the aim is to improve stakeholder use of sound information, several aspects
of the knowledge-acquisition process must be understood and leveraged
to ensure stakeholders have adequate knowledge for coastal conservation
decision-making. Decision-making and information behavior are intercon-
nected in both theory and practice. Information studies researchers have
tended to focus on the stages and manners in which people use systems and
networks to find and/or encounter information that affects their decision-
making. The emphases of these studies include access, ease of use, quality,
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quantity, relevance, and speed, with information scientists emphasizing how
systems help or hinder the information-seeking process, and information
studies researchers tending to focus on the information context and the soci-
etal forces that can threaten access and use. Behavioral and decision scien-
tists, on the other hand, tend to focus on how and why various biases prevent
people from using information to generate the best outcomes according to
rational economic theory. Researchers in both broad domains (as well as in
psychology, sociology, and public policy) have explored the roles of uncer-
tainty and information need as motivators of information search.

Most models of information-seeking behavior are based on the premises that
(1) individuals are engaged in an active search task to reduce anxiety arising from
the recognition of a knowledge deficit, (2) the search process has a discernible
start and terminus, (3) knowledge acquisition is equivalent to understanding,
and (4) information retrieval systems are unbiased. For marvelous detail on
information behavior models, see Case (2012). Information studies research over
the past half-century has yielded several useful models of information behavior:
Ellis’s (1984) behavioral model of information search strategies, Kuhlthau's (1988,
1991) information search process, and Wilson’s (1997, 1999) problem-solving
model, as well as contributions from Bates (1989), Belkin (1996), Choo et al.
(1998, 1999), Dervin (1998), Ingwersen (1984, 1996, 2001), Krikelas (1993), Leckie
and Pettigrew (1997), Leckie et al. (1996), Marchionini (1995), Savolainen (2007),
Sonnenwald (1999), Sonnenwald et al. (2001), and Spink (1997), among others.

Most of these models are predicated on the notion of the needy information
seeker engaged in a goal-directed search using context-agnostic information-
retrieval systems that, when properly configured, transfer knowledge from
information generator to information seeker. However, an examination of
the constraints of the most highly regarded models of information-seeking
behavior yields insight into how coastal conservation knowledge transfer
efforts can be enhanced.

Four important aspects of knowledge transfer are missing from several of these
models: (1) information may be sought, but also it may be encountered, raising ques-
tions of intentionality; (2) knowledge acquisition is a dynamic, recursive, nonlinear
process, raising issues of salience and classification of information; (3) information
acquisition does not ensure knowledge, raising epistemological concerns; and (4)
information retrieval systems manifest the biases and assumptions inherent in
their algorithms, raising apprehension about objectivity. We briefly address each of
these concerns in the context of coastal conservation knowledge transfer.

7.4 Seeking and Encountering Information

While we know that people seek information through a variety of chan-
nels, the advice of family members and friends remains one of the primary
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sources of opinion-forming sustainability information for many people. For
example, in the United States, an assessment of the conditions related to the
adoption of sustainable agricultural practices concludes:

It has long been known that information sources besides agriculture
professionals, such as mass media and family and friends, are vitally
important in helping a farmer become aware of new agricultural tech-
niques. ... More recently, farmers have reported that their most utilized
sources of information are chemical and fertilizer dealers, followed by
family and friends, and media publications. Professional sources of
information, such as the extension service and USDA [US Department
of Agriculture] personnel, have been ranked lower in importance. (Fazio
et al. 2005, p. 27)

We also know that the Internet has expanded people’s search options—
there were an average of 5.74 billion Google searches conducted per day in
2014 (Statistic Brain Research Institute 2015)—both in terms of information
retrieval mechanisms and social networks. Further, traditional media chan-
nels now incorporate new media messages as sources of goals, trends, condi-
tioning factors, projections, and preferred alternatives, drawing attention in
popular discourse. Aside from turning to these information channels, people
encounter information—serendipitously and/or incidentally—throughout
their daily activities (Rice et al. 2001). Understanding the contexts of encoun-
tered information and how such information is incorporated into people’s
stances on hotly debated issues is at least as important as generating sound
coastal conservation technical information. Therefore, those concerned
with coastal conservation knowledge transfer must consider both passive
information encountering, as well as active, systematic information-seeking
behavior. This is particularly important, because people tend to evaluate
encountered information using heuristics, which we explain after a brief
discussion of intentionality.

The balance of passive and active information behavior tends to correlate
with the degree of intentionality of the information recipient. By definition,
active information seekers intend to locate and interpret knowledge about
a topic and use various resources to do so; passive information recipients
encounter knowledge about a topic without undertaking an intentional
search for that information. In both cases, the judgments about whether and
how to classify and use the acquired knowledge are governed by several
factors, including the information recipient’s (1) background and beliefs,
(2) cognitive ability and load, and (3) estimation of the usefulness of the
information.

The intersection of information behavior and information literacy is, per-
haps, the most important area on which to focus in efforts to improve stake-
holder decision-making based on sound coastal conservation knowledge. As
Williamson and Asla (2009) observed in their study of people in the “Fourth
Age,” information literacy (defined as the ability to recognize a need for
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information and take action to acquire it) is very often the result of engage-
ment in strong information networks. In addition, Williamson and Asla
concluded that, in some circumstances, the knowledge gained as a result
of active information-seeking behavior is less useful than the information
people passively encountered through interactions within social and profes-
sional networks.

Table 7.1 presents a matrix of active versus passive information seeking
and the process by which information recipients classify knowledge for
use. As noted above, adequate knowledge for coastal conservation decision-
making requires either:

1. Active, systematic knowledge acquisition to become informed about
the assumptions, perspectives, and motivations that create the infor-
mation context in which a stakeholder makes decisions, or

2. Passive, heuristic knowledge classification that allows for rapid
assimilation of new information into the stakeholder’s perspective
on the issue at hand.

Often, the relevance, veracity, completeness, and usefulness of informa-
tion are not evaluated through thorough analysis; instead, they are evalu-
ated according to analytical shortcuts that go by the label of “heuristics.”
For example, an environmental activist might see a particular pro-economic-
growth leader on television advocating for incentives for oil companies and
have the heuristic response of filing the messages under “total nonsense.”
This heuristic—anything that leader says is total nonsense—is not uni-
versally accurate, but it saves the activist the time and effort of analyzing
the leader’s messages and determining their value relative to all the other

TABLE 7.1
Intentionality and Information Behavior
Systematic Heuristic
Active Explore multiple Classification according to
perspectives individual or group identity
Evaluate authenticity and ¢ Confirmation bias
authority ¢ Assimilation bias
Assess dynamic context
* Goals
e Trends
¢ Conditioning factors
* Projections
e Preferred alternatives
Passive Opportunity for Classification according to
intervention individual or group identity
¢ Confirmation bias
¢ Assimilation bias
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information about corporations, the environment, and climate change that
he/she seeks and encounters.

It is crucial to understand that under conditions of uncertainty, no judgment
can be fully comprehensive. Herbert Simon’s 1978 Nobel Prize in Economics
was based on his twin insights of (1) bounded rationality, whereby future events
and conditions depend on an unbounded number of possible conditioning
factors; hence, rationality (in the sense of selecting the definitively known opti-
mal decision) is always bounded; and (2) satisficing, whereby given the impos-
sibility of knowing everything, and given constraints on resources, people
tend to end their searches when they deem the results are “good enough,”
where “good enough” is a function of expected effectiveness and the individu-
al’s assessment of the trade-offs involved in expending the effort (Simon 1959).
The most prominent proponents of the heuristics and biases paradigm embrace
Simon’s insights with the premise that reaching judgments, whether through
deliberate search or intuition, cannot entail a fully comprehensive search
(Kahneman 2003). Kahneman and Frederick (2002) propose that because the
case at hand cannot be subjected to intensive scrutiny given the limitations of
time and other resources, the heuristic process entails “attribute substitution,”
whereby characteristics of the current case are substituted with attributes of
prior cases or generalizations regarding those cases.

Thus, when Todorov, Chaiken, and Henderson contrast heuristic and sys-
tematic information processing related to risk assessment, what they really
mean (or at least ought to mean) is that some processing is rudimentary
while other processing is more, but never fully, systematic. They try to clarify
the distinction by noting that “[iln a systematic mode, people consider all
relevant pieces of information, elaborate on these pieces of information, and
form a judgment based on these elaborations” (Todorov et al. 2002, p. 196).
They contrast this with the heuristic mode:

However, even if people are not sufficiently motivated or do not have
sufficient cognitive resources, they can engage in superficial or heuristic
processing of available information ... people consider a few informa-
tional cues—or even a single informational cue—and form a judgment
based on these cues. For instance, such cues may be the source of the
message or the length of the message. (Todorov et al. 2002, p. 196)

The premise that people can consider all pieces of relevant information flies in
the face of the bounded rationality concept. In fact, although Todorov, Chaiken,
and Henderson list reliance on the source of a message as a possible heuris-
tic action, even highly systematic information processing depends to a certain
extent on the shortcut acceptance of information as credible based on a belief
that the source is regarded to be expert, truthful, or both, rather than on the
basis of corroborating or validating evidence. The useful distinction between
these forms of information processing is that some information processing
relies on a few new cues, while other information processing relies on a richer
set of cues. In other words, heuristics can be rudimentary or sophisticated.
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Moreover, Kahneman (2003, p. 697) points out that heuristics can be deliber-
ate or intuitive. Deliberate reliance on heuristic classification of information
can be a conscious choice selected to increase efficiency of knowledge acquisi-
tion. In Table 71, deliberate heuristic judgment would fall in the upper-right
quadrant, active heuristic classification according to the decision maker’s
acknowledged values, beliefs, and identity. Intuitive heuristics, on the other
hand, are used “automatically and rapidly” (Kahneman 2003, p. 697) and occur
within particular cultural, political, or social milieus that do not encourage
teasing out the layers of complexity that result in opposing viewpoints. They
would fall in the lower-right quadrant of Table 7.1; people making decisions
based on passive heuristic information acquisition may not even be cognizant
of the heuristic judgments entailed in the decision-making process. For exam-
ple, the rapid, automatic assumption that a highly respected professor’s find-
ings are valid presumes that she has employed an appropriate paradigm. In
most countries today, full professors at distinguished universities are regarded
broadly as likely to be highly expert in their areas of specialization. This was
less so, for example, in the United States in the 1960s and 1970s.

Therefore, biased searches can derive from passive heuristic judgments that
entail attribute substitution, that is, replacing a more complex, analytically
challenging attribute such as the current issue at hand with a more easily
understandable attribute, such as an expert’s view or the outcome of a past
case. This would cut down on the evaluative work of information classifi-
cation during a search. By substituting attributes, for example, the decision
maker assumes the professor’s findings are valid and can allocate mental,
physical, and financial resources to a more extensive exploration of other
information related to the decision (Schulz-Hardt et al. 2000). Thus, accepting
the opinion of the authoritative source rests on the representativeness heuris-
tic: the individual believes the expert’s opinion is similar to the population of
the expert’s past opinions; because these opinions are regarded as correct, the
expert’s opinion on the current matter is assumed to be correct, as well.

The ambivalent treatment of heuristics in the literature, as a source of bias
but also as “efficient cognitive processes” (Gigerenzer and Gaissmaier 2011,
p- 451), raises the question of whether people can be equipped with guidance
to employ sound and efficient search heuristics actively, yet remain cogni-
zant of behavioral tendencies that can undermine systematic or active heu-
ristic decision-making. Gigerenzer and Gaissmaier note that

[blecause using heuristics saves effort, the classical view has been that
heuristic decisions imply greater errors than do “rational” decisions as
defined by logic or statistical models. However, for many decisions, the
assumptions of rational models are not met, and it is an empirical rather
than an a priori issue how well cognitive heuristics function in an uncer-
tain world.

Going back to Todorov, Chaiken, and Henderson'’s juxtaposition of heu-
ristic versus systematic searches, we must conclude that if a relatively quick
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search is the only search an individual is willing to undertake, guidance on
how to make the most of it could be very helpful.

7.5 Overcoming Obstacles to Inducing More Effective Searches

While individuals or organizations may be capable of engaging in more sys-
tematic information-seeking behavior, different scenarios dictate the extent
and nature of further search activity. First, some may be unaware of the
risks and/or opportunities involved with the issue, or find the issue to be of
such low salence to their welfare or deference values—Lasswell’s distinction
between valued material outcomes and valued relationships, respectively,
which we detail in Section 7.7.3—that no search is worth the effort. Second,
some may regard the issue as salient, but despair that a search would not
provide useful guidance in making decisions, either because they (a) believe
constructive understanding is beyond their grasp or (b) do not believe that
gaining the knowledge would help them take effective action. Finally, some
may have views based on prior knowledge acquisition such that they are con-
fident they can make sound decisions without seeking additional information.
None of these scenarios induces stakeholders to believe that further search
would have a reasonable chance of improving the instrumental effectiveness
of their actions or their deference rewards. Each of these implies thresholds of
salience, confidence, or both. These thresholds, which differ for every person
and in every unique context, are set according to the potential information
seeker’s assessment of the expected intelligibility and usefulness of additional
information, the trustworthiness of the information source, the gravity of the
decision, and the belief that the process by which the information was acquired
will stand up to scrutiny. In other words, a person sets these thresholds, often
unconsciously, based on his or her belief that the search effort is commensu-
rate with the level of attention that the issue at hand deserves. This complex
decision-making protocol exposes several facets of information behavior that
are not addressed by Zipf’s principle of least effort, which asserts informa-
tion seekers tend to use the most convenient, minimally demanding search
method until just barely acceptable information is acquired (Zipf 1949).

Those interested in inducing more effective information-seeking behavior
with the aim of helping stakeholders base their decisions on sound environ-
mental (or any other kind of) knowledge should note that any stakeholder
is not merely a needy, lazy information seeker. Rather, every individual
employs a multifaceted decision-making process based on the individual’s
assessment of how each of the factors (confidence, salience, utility, gravity)
affects to his or her ability to improve directly instrumental effects and def-
erence rewards. For example, if an influential farmer is considering a request
by a member of his or her political party to persuade others to acquiesce
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to a policy initiative that tightens run-off regulations, he or she may con-
duct a search by reading the government’s policy briefs, talking with the
agricultural extension agent, visiting websites about the risks of fertilizer
and pesticide run-off, skimming Twitter feeds, reading the bulletins of farm-
ers’ associations, or consulting any number of other information sources.
Some of these searches may seem too time-consuming or unlikely to provide
understandable results. The farmer may, in fact, do no search, relying on his
or her existing beliefs; otherwise, he or she not only must select sources of
information, but also must decide how much effort to put into the search.

The amount of effort a decision maker is willing to expend also is influ-
enced by the degree and nature of affect. The degree of affect associated with
commitments to influence coastal policies or practices is part of the implicit or
explicit benefit-cost calculus that determines whether a particular search activ-
ity is worthwhile for that individual. While the predominant focus of efforts
to increase commitment to conservation has focused on the positive affects
associated with love for nature or for future generations, it is important to
recognize the mobilizing strength of appealing to darker impulses. The focus
on emotion and affect in the information studies field largely has concerned
feelings that would deter otherwise-motivated searches, such as anxiety and
intolerance of uncertainty (Wilson, 1997, p. 555), lack of confidence, frustration,
doubt, pessimism, or disappointment (Kuhlthau, 1991, p. 367). We propose the
alternative of focusing on fundamental drives that may heighten basic motiva-
tion and overcome these feelings, resorting to the classical distinctions among
raw impulse, reason, and conscience. (These categories were defined in the
field of political psychology in the more traditional Freudian language of id,
ego, and superego (Lasswell 1932)). This slice of the mental process is a useful
basis for search-promotion strategies because appeals can be targeted system-
atically to each drive or combination thereof. Aside from the obvious instru-
mental goals pursued through reason, appeals can be directed to positive
impulses such as camaraderie or to negative impulses like aggression; there
can be appeals to conscience, with the potential flexibility of specifying differ-
ent norms as ethical. Such appeals change the least-effort calculus in terms of
the value individuals and groups place on their identification as environmen-
talists, good citizens, winners, or ethical people, respectively.

7.6 Strategies for Mobilizing Motivations

Under the assumption that intentional searches are goal-directed, the first
aspect of constructing potential strategies is to offer a map of possible goals
held by individuals for whom we would hope to induce better information-
seeking behavior. A useful organizing principle is the distinction between
directly instrumental motives related to advancing material interests
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Appeals to reason
for rewards with Worthwhile
direct impact on

coastal conservation

Appeals to other
motivations for rewards
with nondirect impact
on coastal conservation

Useful
Active search
for coastal
conservation
information
Understandable

FIGURE 7.1
Appeals to induce active search for coastal conservation information.

through activities or policies affecting coastal systems, and motives that
have no such direct connection. The breadth of potential strategies to moti-
vate searches rests on the fact that while the objectives of stakeholders may
pertain directly to rewards from achieving preferred outcomes of coastal
policy or practices, others’ objectives do not. Those who develop coastal
conservation information and strategies to induce the acquisition of this
information are likely to focus intently on motivating stakeholders to choose
sound policies and practices, yet other, indirect motivations may be even
more useful in particular contexts. In other words, opportunities to encour-
age improved information-seeking behavior arise not only from efforts to
increase the reach and salience of targeted coastal conservation messaging,
but also from appealing to motivations associated with achieving objectives
that may or may not have anything to do with coastal conservation at all.
The simple diagram in Figure 7.1 conveys the implications of the two kinds
of appeals that can act as motivation for active information search related to
directly instrumental and nondirectly instrumental objectives.

7.7 Strategies
7.7.1 Category 1: Supplemental Information
7.7.1.1 Supplemental Information on How Core Information Can Be Used

Focusing first on the left-hand side of the diagram in Figure 71, those appeals
toreason that have directimpact on coastal conservation, we make the perhaps



166 Effective Coastal and Ocean Management

obvious point is that for a search to be motivated by the desire to choose opti-
mal policies or practices, the individual must have sufficient confidence that
knowledge exists and that it can be accessed readily, understood adequately,
and used effectively. The individual must also have sufficient confidence that
an instrumentally effective search stemming from an appeal to reason is
worth the time and other resources required for the search. Although good
effort has been put into organizing the knowledge needed for managers to
engage in ICM (e.g,, Perry et al. 1999; Berkes et al. 2007; Lertzman 2009), or
its cousin, adaptive management (e.g., Allan and Curtis 2003; Lawrence and
Bennett 2002), to make directly applicable knowledge more understandable
and usable for lay stakeholders, another class of knowledge is important: how
to use the direct-impact knowledge. Such utilization information, beyond the
technical knowledge of the projected consequences of policies and resource
practices, may be needed to instill this confidence in the decision maker.
One type of utilization knowledge is epistemological: whether and how the
knowledge can be understood. The other type of utilization knowledge is
sociopolitical: how the knowledge can further the objectives of the individual,
group, or organization. For example, in addition to understanding that agri-
cultural run-off may erode nearshore ecosystems, the motivation to master
this knowledge may require confidence in its usefulness, perhaps to invoke
scientific projections in support of a lawsuit demanding a stronger conserva-
tion effort. There may be opportunities, such as workshops, write-ups of past
cases, and so on, to help stakeholders use more helpful heuristics as bases for
judgments of relevance and usefulness of information. It should be noted that
decision aids abound to assist resource managers (Holling 1978; Pearson et al.
2010), but few exist to assist lay stakeholders.

Another approach entails organized interactions between experts and lay
stakeholders. A host of formats, many pioneered in Europe, such as citizen
advisory committees, citizen juries, consensus panels, science shops, study
circles, and joint fact-finding commissions, are among the venues that can
support such expert-novice engagement. These are all variants of exchanges
in which stakeholders clarify their objectives and concerns, work with
experts to project possible outcomes of policies, and help orient scientific
research and knowledge dissemination (Rowe and Frewer 2000; Ascher etal.,
2010, pp. 195-196). Such strategies translate well to online discussion groups,
webinars, podcasts, and other technologically facilitated interaction. In all
cases, however, the stakeholder must know the opportunity for interaction
exists and is accessible, and that the information that may be gained through
such interaction is understandable, actionable, useful, and worth the effort
to acquire. These approaches have the advantage of both conveying that rel-
evant knowledge can be grasped, and presenting stakeholders with current
information to offset searches that return obsolete information. However,
these approaches can run into opposition if some participants believe that
the formats are manipulated to gain compliance for particular policies. Even
so, strong efforts by participating groups can be reassuring if their leaders
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have sufficient knowledge and influence regarding the balance and credibil-
ity of the experts brought into the deliberations.

7.7.1.2 Supplemental Information on Calibrated Uncertainty

Although ICM theorists and practitioners have endorsed the notion that
uncertainty ought to be embraced rather than ignored or used as a pretext
for inaction, it is still important to overcome the dual dangers that informa-
tion about projections of future consequences of policies or practices is either
certain—which could cut off the search prematurely—or totally uncertain—
which could discourage the search entirely.

7.7.2 Category 2: Mitigating Heuristic Bias in Information Search

Numerous strategies may be suitable for de-biasing, or mitigating human
judgment biases, as well as the filter bubble that arises from search algo-
rithms that tailor search engine results based on a searcher’s prior online
activity:

* Nisbett et al. (1982, pp. 448-451) suggest that clarifying the distinc-
tiveness of the circumstances in which the most available or appar-
ently representative cases occurred could help decision makers
weigh the prevalence of accounts described in search results more
appropriately. Thus, calling attention to particular circumstances
under which relevant outcomes occurred may counteract the avail-
ability and representativeness biases. Clarifying the circumstances
in which presumed experts produced their assessments, and con-
veying that changed circumstances bring these assessments into
question, might induce active seeking for updated information.

e The availability bias can be offset further by publicizing summa-
ries of a broader range of circumstances, events, or policies, to focus
attention on other cases in addition to the most prominent one(s).
For example, to offset the presumption that the consequences of the
next initiative to enact a fishing moratorium will be the same as the
latest or most painful moratorium, the local newspaper could run
a feature on “The History of Fishing Bans—Balancing Access and
Sustainability.” The tendency to presume that the pending issue is
similar to a narrow set of previous cases could be addressed by the
same tactic of giving prominence to many different cases. Of course,
this becomes more difficult as Internet users customize their search
behavior and tools in ways that fuel the confirmation bias.

* Nisbett et al. (1982, p. 447) and Fischhoff (2002, p. 746) suggest that
specifying the assumptions underlying the analyses of credible
sources may reveal their possible shortcomings. This could also



168 Effective Coastal and Ocean Management

clarify which assumptions may no longer hold. Further, explicit
description of tendencies of humans and algorithms to focus atten-
tion on information that confirms existing beliefs might prompt
stakeholders to investigate alternate perspectives.

e Wilson et al. (2002, p. 197) suggest that conveying a full range of pos-
sible outcomes can offset overconfidence in the most obvious pos-
sible outcome by presenting pathways and explanations that could
lead to other results. This is a means of conveying uncertainty with-
out implying that the uncertainty is so crushing that further infor-
mation seeking would be futile.

® Specifying how the current issue differs from some prior issues
can make the set of representative cases more appropriate. This
may require discipline to avoid overpublicizing the most striking
or exciting cases; by countering salient generalizations with strate-
gic promotion of specific, distinctive cases to serve as representative
cases, calling attention to differences may induce stakeholders to
undertake deeper information searches.

e The presumption that the view of the individual or institution per-
ceived as most authoritative ought to be accepted unquestionably
may be offset by publicizing the views of other individuals or organi-
zations of comparable repute. For example, the views of major envi-
ronmental groups such as the Natural Resources Defense Council
(NRDC), the Environmental Defense Fund, the Sierra Club, and
Greenpeace on issues such as hydraulic fracturing or offshore drill-
ing, or on the advisability of collaborating with the corporate sector,
vary considerably. Exposing pro-environment individuals to this
range of pro-environment views would clarify that no single source
has a monopoly on pro-environmental expertise or commitment.

7.7.3 Category 3: Social Strategies for Strengthening Search Incentives

The right side of Figure 7.1, depicting appeals leading to nondirect impacts,
suggests that searches can be triggered by any of a range of rewards expected
as a result of undertaking the search, regardless of whether or not the search
ultimately provides directly instrumental coastal conservation benefits
resulting from particular policies or practices. For example, while a fisher’s
decision to learn whether it is in her interest to abide by a fishing moratorium
is an obvious example of the directly instrumental category, the alternative,
nondirectly instrumental category would be exemplified by a parks and wil-
derness society member’s effort to gain greater mastery of coastal ecology
in order to earn the respect of other chapter members or simply to feel good
about the increased mastery. We could hope that this nondirectly instrumen-
tal motivation will lead to knowledge acquisition that is deployed soundly in
selecting directly relevant actions.
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Rather than fastening on one or a few motivations, such as mastery per se
or respect from peers, a fairly comprehensive map is necessary to depict the
enormous variety of motivations that may be mobilized effectively across
contexts. Such a map yields a host of possible appeals with the potential
to induce better searches. Even so, for a particular context, these potential
motivations can be identified systematically. We propose the use of the “val-
ued outcomes” categories of the policy sciences framework (Lasswell and
McDougal, 1991, pp. 35-38) as an effective tool for assisting in the identifica-
tion of both potential motivations involving expected rewards from policies
and practices, as well as the rewards that do not derive from these policies
and practices. The categories and illustrative examples are displayed in
Table 7.2.

Lasswell and Kaplan (1950, pp. 55-56) distinguish two broader motiva-
tional categories: “welfare values” (“those whose possession to a certain
degree is a necessary condition for the maintenance of the physical activity
of the person”) and “deference values” (“those that consist in being taken
into consideration [in the acts of others and of the self]”). As a first approxi-
mation, the welfare values pertain largely to instrumental motives. The def-
erence values, especially power, can be deployed to pursue welfare values,
but the key point is that they may be valued in and of themselves, apart from
advancing the material interests involved in coastal management. Because
each of these motivational categories listed in Table 7.2 is plausible, it is

TABLE 7.2

Categories of Valued Outcomes

Category Value Example
Welfare values Enlightenment ~ Greater sense of

understanding and mastery
Wealth Greater sustainable yields;
higher ecotourism revenues
Wellbeing Lower health risks; reduction
of anxiety stemming from
feelings of lack of mastery
Skill Higher status within an
organization; greater success
for the organization
Deference values Power Influence within an
organization; group’s
success vis-a-vis other
groups
Respect Status among peers and
within an organization
Affection Friendship among peers and
within an organization
Rectitude Being a responsible citizen or
group representative
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worth exploring which motives are most compelling on a case-by-case basis.
The virtue of both instrumental and noninstrumental objectives presents
a challenge for those who are trying to motivate more effective searches.
Nevertheless, we present several strategies appropriate when particular
motivations are known to be potent.

7.7.3.1 Strategies for Conservation Groups

One approach available to nongovernmental conservation organizations is
to decentralize decision-making such that the members of local branches or
chapters (a) feel a responsibility to be well-informed in order to take posi-
tions, and (b) reward local members with respect and power insofar as their
mastery is known and regarded as an asset to the organization. In the United
States, the Sierra Club, with its fairly small chapters and its penchant for giv-
ing a host of local and national awards every year, is a notable example of
this approach. In contrast, the NRDC, with well over a million U.S. mem-
bers, a lack of chapters, and its trumpeting of its “expertise of more than
350 lawyers, scientists and other professionals” (NRDC 2014), provides little
incentive for members to engage in their own searches on environmental
issues. As one member communicated in confidence, “[tlhe NRDC has very
smart people. If they say that fracking is a bad idea, it’s a bad idea.” Why
search for knowledge about the relative risks of fracking versus continued
reliance on coal, with its greater burden of greenhouse gas emissions and
conventional pollution than natural gas, when smart people have already
determined the best course of action? And how can one debate the frack-
ing advocate who cites statistics on emphysema from particulates, except
to say that smart people oppose fracking? Although it is unclear whether
the NRDC leadership’s actual position is truly so definitive, or whether it is
a negotiating stance vis-a-vis the government and the energy industry, the
heuristic shortcut of taking its position as the last word in expert analysis is
clearly problematic.

Another strategy for conservation NGOs is to co-finance and collaborate
in designing research projects along with the relevant industrial groups.
Busenberg (1999) has demonstrated the greater credibility of collaborative
research and guideline development regarding oil spills. This approach has
been shown to reduce confusion over the authenticity and authority of infor-
mation sources in a manner akin to governmental checks and balances.

7.7.3.2 Strategies for Government

As mentioned previously, governments have the potential to organize inter-
actions between lay stakeholders and experts. They should also consider
increasing stakeholder affect by stimulating face-to-face debates among citi-
zens with opposing views. Although rivalry seems to have no place in the
idealized vision of rational debate, the reality is that conservation debates
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tend to be acrimonious. Pro-conservation activists are criticized either as
naive, accepting the doomsday scenarios of radical environmental activ-
ists, or as elitists, uncaring about the economic burdens on less well-off citi-
zens imposed by stringent conservation regulations. Opponents of stronger
conservation measures are criticized as selfish, shortsighted, and naive in
ignoring the consequences of weak conservation efforts. Therefore, the raw-
impulse motive of feeling superior to those with opposing views—afforded
by being able to marshal more evidence to win the debate—can be a power-
ful motivation, which dovetails with the rational need for gratifying affili-
ations and identifications, as well as the need to be a conscientious citizen.
At the same time, face-to-face debates, such as town meetings and open hear-
ings, provide each side insight into the perspectives of others.

7.8 Conclusion

While those charged with providing coastal conservation information for
stakeholders have focused on generating and organizing core technical
information, much more needs to be done to strengthen the incentives for
stakeholders to search for, make sense of, and make decisions based on the
knowledge needed for sound resource practices and stances toward conser-
vation policies. Both to increase the motivation to seek information actively
on the effects of coastal policies and practices and to make the acquired
knowledge more useful, the generation of information must be broadened to
encompass how the core information can be supplemented by information to
mitigate bias in the decision-making process, as well as to present alternate
perspectives to provide opportunities for greater understanding of the range
of relevant viewpoints. Regarding social pressures, the basis for optimism is
that so many potential appeals can be made. The more general point is that
organizations convey the roles that they expect their members to play. If the
role is to engage in meaningful debate with policy adversaries or to persuade
other resource users that sustainable practices are imperative, it is incum-
bent upon the organization to emphasize and reward this role. As we have
described, inducing better searches for coastal conservation information can
be accomplished through appeals to reason that trigger stakeholders’ consid-
eration of welfare values concerning direct effects on coastal conservation, as
well as by leveraging other motivations, which appeal to deference values to
nudge people to conduct more thorough searches and to take action that has
nondirect effects on coastal conservation.

In short, insights from information studies and the psychology of motivat-
ing more sound information-seeking behavior can be useful to guide pro-
totypes and focus groups to determine which strategies are promising in
particular contexts. What it cannot do is specify a general strategy that will
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hold in every case, as contextual factors must inform the development of
strategies to motivate better knowledge practices.
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8.1 Introduction

Former U.S. Secretary of Defense Donald Rumsfeld is commonly quoted
for his views on decision-making under conditions of uncertainty; in a 12
February 2002 news briefing, he said,

there are known knowns; there are things we know we know. We also
know there are known unknowns; that is to say we know there are some
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things we do not know. But there are also unknown unknowns—the
ones we don’t know we don’t know. (Rumsfeld 2002)

In all aspects of coastal and ocean policy and management, there are
uncertainties and decisions that have to be made in spite of those uncer-
tainties. The scientific understanding of how institutions, organizations, and
individuals perceive and grapple with those uncertainties has been growing,
including in the field of fisheries science and management.

Scientific uncertainty arises from many different sources in coastal, marine,
and fisheries planning and management. For example, there can be varying
degrees of confidence in the quality of our measurement instruments, data,
and data-analysis methods. Fisheries science applies extensive at-sea sampling
and sophisticated stock assessment modeling techniques to estimate the bio-
mass and population structures of fish species, which in turn inform fishing
management rules. In fact, there are many fish stocks for which simply too
few data are available to conduct the most robust stock assessment methods.
Increasingly, fisheries scientists are recognizing the variability in environmen-
tal conditions and alterations in fish stock status due to environmental condi-
tions from systematic changes such as climate change. In Rumsfeld-ese, these
are known unknowns that science is increasingly learning about and develop-
ing strategies to manage, although it is likely that unknown unknowns will
surprise scientists as they continue to study the natural sciences relevant to
fisheries. To account for these types of uncertainties, scientists may, for exam-
ple, apply statistical analyses, present confidence intervals, conduct various
sensitivity analyses, employ multiple model strategies, and report a range of
potential outcomes from a given management decision.

Further, human dimensions may introduce additional uncertainties, and
while we have been studying the human dimensions of uncertainties in
fields of risk perception, decision sciences, communication, and others—
mostly within the context of public health, environmental pollution, and
other hazards—the application of risk perception and decision and com-
munication sciences is a relatively new area of study for fisheries, coastal,
and marine management. An example of the human dimensions surround-
ing uncertainty would be the imprecision that can exist in the implementa-
tion of management actions. We do not know the likelihood of compliance
with rules and how fishers, local policy implementers, or other stakeholders
actually might behave given the incentives created by the management deci-
sion. For fisheries, coastal, and ocean managers in democratic societies, there
are many stakeholders with different interests and values in the resource
management objectives, and typically there is no single consensus objec-
tive. Thus, uncertainty arises when picking a policy objective among sev-
eral value-laden preferences. Still further, as society expands the scope and
boundaries of coastal, marine, and fisheries resource management beyond
the socioeconomic objectives of fish stock and fisheries, integrated manage-
ment seeks a balance with maritime trade, offshore energy, recreation, and
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many other competing uses. Additional uncertainties arise in our efficacy in
achieving these multisector goals and the contribution that fisheries man-
agement might make to realize other sectors’ objectives. There are far more
unknown unknowns in the human dimensions surrounding uncertainty.

The balance of knowing and not-knowing about coastal and marine
resources and management has impacts on decision-making, including
the attitudes and perceptions of stakeholders, which has been particularly
critical in fisheries management in the United States. Fisheries science and
management have seen their perceived credibility undermined as new
knowledge and sophisticated modeling of fisheries stock assessments have
beenintroduced. In other words, fisheries science has experienced Rumsfeld’s
unknown unknowns that become known and has produced surprises for
scientists, managers, and fishers.

After reviewing how scientific uncertainty has been handled in U.S. fish-
eries management, this chapter considers whether fisheries science and
strategies for addressing uncertainty have built or undermined credibility
and trust in the science. Governance network analysis research is presented
from two cases of fisheries management as a tool to explore information flow
and the use of that information in an integrated management context in the
United States and to further assess how to build credibility and trust in sci-
ence. The findings have ramifications for how we orchestrate professional
networks and deploy boundary-spanning organizations and individuals to
constructively manage scientific uncertainty in coastal and marine resource
management. Reflection on the growing and promising use of network anal-
ysis concludes the chapter.

8.2 U.S. Fisheries Management and Uncertainty

Fisheries scientists have identified a consistent overestimation of fish stock
size and underestimation of fishing mortality and have applied an ad hoc
downward adjustment to stock biomass estimates to account for these biases
(Legault 2009). There is also a substantial probability that the stocks are classi-
tied as overfished, when in fact they are not (National Research Council 2014).
Uncertainty is plentiful in U.S. fisheries management. Some fisheries scientists
have argued that a focus on uncertainty can lead to management paralysis
(Rosenberg 2007), while others have argued that underemphasizing uncer-
tainty is riskier because it can cause long-term harm to the underlying cred-
ibility of the science (Keepin and Wynne 1984; Kloprogge and van der Sluijs
2006; van der Sluijs et al. 2008). The International Council for the Exploration
of the Seas (ICES) Working Group on Fisheries Systems considered the social
implications of underemphasizing and overemphasizing uncertainty. It
recommended addressing uncertainty in a transparent manner, early, and
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continuously in the fisheries decision-making process (Dankel et al. 2012).
While uncertainties remain, a lack of transparency surrounding these uncer-
tainties can undermine the credibility of the science (Rockmann et al. 2012).

In the 2014 National Research Council (NRC) report on the effectiveness of
fisheries stock rebuilding in the United States, the ramifications of how uncer-
tainty is treated in decision-making was clear in several cases (NRC 2014). In
Gulf of Maine cod, the application of new stock assessment models in 2010
showed a significant stock assessment bias in the 2008 assessment. Whereas
managers and fishers originally thought that overfishing was not occurring
and that the stock was on track to be completely rebuilt by its legally man-
dated date of 2014, the stock in fact showed a huge, unexpected decline in
biomass. Completely halting cod fishing in 2011 and 2012 would not lead to
rebuilding by 2014, and management measures under consideration in 2011
and 2012 would lead to reductions in groundfish revenue in New Hampshire
(91% reduction), Maine (54%), and Massachusetts (21%) (U.S. Department of
Commerce 2012; Gulf of Maine Cod Working Group 2012). Fishing communi-
ties and stakeholders have called these rapid, unexpected reversals in a stock
status a yo-yo or whip-saw effect, which can lead to rapid, negative socioeco-
nomic impacts on fishing communities and can undermine trust in fisheries
science (NRC 2014). In New England, significant and rapid reductions in fish-
ing effort from one year to the next have occurred for Georges Bank yellow-
tail, Gulf of Maine cod, witch flounder, pollock, Georges Bank cod, Georges
Bank winter flounder, and plaice (Nies 2012). The yo-yo changes in stock sta-
tus result from the continuous improvements and updating of stock-assess-
ment models, followed by a retrospective analysis of stock health in previous
years, and revisions to previous years’ stock assessments.

Looking nationwide at stock rebuilding in the United States, the NRC
(2014) reached several conclusions related to the treatment of uncertainty,
including that the treatment of uncertainty varied across fisheries manage-
ment plans and regions. The NRC noted that the treatment of uncertainty
is not integrated across ecological, economic, and social dimensions, and it
was not clear whether the appropriate level of precaution was being applied
in fisheries management. The socioeconomic impacts of these findings on
fishing communities could be substantial, and thus the fishing stakehold-
ers are given motivations to view fisheries science with suspicion. In fact,
fishers” mistrust and suspicion of scientists and managers in New England
is well documented (e.g.,, Hartley and Robertson 2008; King 1999; Conway
and Pomeroy 2006; Jones et al. 2007). In the early 2000s, for example, fishers
noticed a problem with the trawl gear on the federal government’s research
vessel, which is used to conduct fish-sampling trawls and to provide data
for the stock assessments that inform fisheries management decisions
about catch limits. The cables attached to each side of the trawl were not of
equal length, and thus it was likely dragging the net unevenly through the
water. Fishers who discovered the problem were concerned that it would
lead to the undersampling of fish and thus greater fishing restrictions than
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were warranted. This discovery led to a heated public debate surround-
ing “trawlgate” and about the adequacy and accuracy of the fisheries data
(Kaplan and McCay 2004). As one fisher noted, “The biggest problem is not
the [uneven] trawl wire. The biggest problem is that nobody there [in govern-
ment] knew it” (Cook and Daley 2003).

8.2.1 Advancements in Treating Uncertainty
in Fisheries Decision-Making

The ICES Working Group on Fisheries Systems recommended addressing
uncertainty in a transparent manner, early, and continuously in the fisheries
decision-making process in order to overcome mistrust of science (Dankel
etal. 2012). Complicating the challenge of building trust in science and
addressing uncertainty, risk communication scientists have documented
that the general public looks at uncertainty very differently than scientists.
The public can interpret uncertainty as indicating a poor understanding of
the topic and those who communicate about uncertainty as untrustworthy,
invoking confusion and anger (Johnson and Slovic 1995). In contrast, scien-
tists view estimation and a rigorous discussion of uncertainty as reflecting
a deeper understanding and more credible science. These perceived differ-
ences between fishers and scientists were observed in the stock assessment
yo-yo effect documented by the NRC study (NRC 2014). Attitudes toward
science—for example, science as debate versus science as the search of
truth—have also been seen to contribute to how individuals respond to the
uncertainty surrounding climate change; communicating higher uncertainty
can be persuasive for some while delegitimizing for others (Rabinovich and
Morton 2012).

In a comprehensive case study of the use of scientific information by
resource managers in ICES, Wilson (2009) identified the significance of
salience, credibility, and legitimacy to ensure that scientific information,
uncertainties and all, was used in management. Salience is the usefulness of
information to the problem at hand. Credibility reflects whether stakehold-
ers perceive fisheries science and the methods of stock assessments as, for
example, meeting a standard of plausibility and adequacy; and legitimacy
refers to whether stakeholders perceive the output of the stock assessment
process as unbiased and meeting the standards of fairness (Wilson 2009).

8.2.2 Building Credibility and Trust in Science

Communicative action theories of social institutions illustrate the signifi-
cant role of iterative communication within safe and secure public spheres
in developing mutual understanding and trust and in promoting accep-
tance of information, values, interests, and common objectives—along with
uncertainty (Habermas 1984, 1987). However, the generation of scientific
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information and the production of management outputs to solve problems
can occur in their own separate spheres and thus are not always conducive to
iterative communication (Williams and Matheny 1995). Iterative communica-
tion occurs over time, includes multiple communication exchanges between
individuals, provides time for reflection and asking clarifying questions,
and builds a deeper understanding of each other’s perspectives. Few profes-
sional opportunities exist for scientists, managers, and other fisheries stake-
holders to engage in long-term, iterative dialogue in order to establish the
salience of scientific information, the credibility of the science, and the per-
ceived legitimacy of the scientific process among nonscientist stakeholders.

Fisheries management in the United States is a multistakeholder enterprise
involving the commercial fishing industry; recreational fishing interests; con-
servation nongovernmental organizations; municipal, state, and federal gov-
ernments; additional water-dependent industry sectors; and other interested
parties. Fisheries management has been criticized as slow, co-opted, and inef-
fective because of this structure (Heinz 2000; Okey 2003; Rosenberg 2003),
although there have been claims of considerable successes (Witherell 2004;
Hilborn 2007). Further, while many stakeholders are at the table, stakeholder
engagement often leads to disillusionment, frustration, and conflict—rather
than mutual understanding and trust—in these complex natural resource
and fisheries management contexts (Butler et al. 2001; Reed 2008).

New strategies in fisheries science and management seek to enhance the
credibility among stakeholders of fisheries science with its uncertainties (see
a description of these strategies in Table 8.1). To varying degrees, pedigree
analysis, uncertainty matrix, extended peer review, integrating local eco-
logical knowledge, participatory modeling, collaborative research, and other
new approaches engage stakeholders in iterative communication and aim to
develop greater mutual understanding.

Given the large number of diverse stakeholders, fisheries management has
been conceptualized as a governance network (Hartley 2010; Gibbs 2008).
A governance network is a group of individuals or organizations working
together toward a common outcome—for example, the development of a
fishery management plan with varying degrees of nonhierarchical and self-
organizing features. The networks employ communication and coordination
tactics, such as regular meetings, formal communication procedures, coor-
dinating staff or leaders, defined decision-making procedures, and divi-
sion of labor or responsibilities and expectations (Agranoff 2007). Networks
have been shown to enable considerable trust-building, the development of
mutual understanding, and innovation (Bodin and Crona 2009; Stojanovic
et al. 2009). A multiparty network gives its members access to each other and
to decision-making, and with that access comes the opportunity to influence
each other and the outcome through iterative communication and greater
mutual understanding (Verschuren and Arts 2004; Betsill and Corell 2008).
This conceptual link between addressing uncertainty and networks provides
a new analytical strategy for understanding how the structure and function
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TABLE 8.1
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Management Approaches for Addressing Uncertainty in Fisheries Science

Technique

Description

References

Pedigree analysis

Uncertainty matrix

Extended peer review

Incorporating traditional
or local ecological
knowledge

Participatory modeling

Collaborative research

Multicriteria, qualitative
characterization of the
origins and status of
information and data.

Classification method
whereby a panel of experts
numerically rates the nature
and scale of the uncertainty
on several defined
parameters.

Involving multiple
disciplines and stakeholder
perspectives on a peer-
review panel.

Participatory approaches and
incorporation of traditional
or local knowledge; e.g.,
Q-Method is based on the
conceptual framework of
factor analysis, seeking
correlations between
variables. The Q-Method is
concerned with individuals’
viewpoints, seeking shared
views or correlations across
a sample of individuals and
clarification on points of
agreement and
disagreement.

Facilitated, structured
dialogue about uncertainty
and the quality of the state
of knowledge among
scientists and stakeholders
to enhance scientific
understanding.

Joint development, design,
and implementation of
scientific monitoring or
research activities.
Collaborative at all stages of
the scientific process from
developing questions
through design and
implementation to
communicating findings
and results.

Dankel et al. 2012

Walker et al. 2003

Wilson 2009; Dankel et al.
2012

Danielson, Webler, and Tuler
2010; Carr and Heyman
2012

Parma et al. 2003; Bentley and
Stokes 2009; Rockmann et al.
2012

Conway and Pomeroy 2006;
Hartley and Robertson 2006,
2008; Johnson and van
Densen 2007
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By regulating iterative communication, networks can build or
inhibit the salience, credibility, and legitimacy of scientific
information with its uncertainties.
Salience, Iterative Network
credibility, and communication structure and
legitimacy of builds salience, function enable
scientific credibility, and or inhibit
information legitimacy iterative
overcomes communication
uncertainties patterns
FIGURE 8.1

Conceptual framework: networks and uncertainty.

of fisheries management networks may enable or inhibit the development of
salience, credibility, legitimacy, and trust of science and information in the
face of uncertainty. The conceptual framework is illustrated in Figure 8.1. We
employ network analysis methods to begin to assess these relationships by
examining the potential for fisheries management networks to foster itera-
tive communication across sectors and boundaries and establish the salience
and credibility of the scientific information.

8.3 Governance Network Analysis

Governance networks have structural and functional characteristics, that is,
network map shapes and roles that individuals play to enable the network
to move information and resources. The structural patterns and functional
roles of individuals reflect the operations of a network. Communication pat-
terns in networks can develop mutual understanding, organizational learn-
ing, trust, and other features critical to the development of the credibility
and legitimacy of scientific information (Manring 2007, Bodin and Crona
2009). Network structure can also indicate the influence of information and
ideas and the potential to create innovation by connecting diverse expertise
(Wyborn and Bixler 2013; Stojanovic et al. 2009).

Network structures can indicate the overall group behavior and guide
functions of subgroups and individual members. For example, high den-
sity, reflecting many links between many members, can enable a sense of
belonging and group identity (Coleman 1990). Density measures of a net-
work map can indicate the level of trust and the potential for controlling
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behavior among the group members (Bodin et al. 2006). Bridgers are individ-
uals linking otherwise less connected groups or individuals, and they pro-
vide access to diverse resources that can enable more adaptive and creative
behaviors than high-density networks with many tight links (Newman and
Dale 2005). Bridgers can synthesize a larger pool of knowledge, learn about
the organizational cultures and interests of subgroups, and have advantages
in being able to identify key individuals to connect with and the most appro-
priate strategies for establishing connections (Burt 2003). Bridgers can also
serve an inhibiting role, however, particularly if they are overwhelmed by
their bridging role; or they can hoard information and thus function as gate-
keepers (Long et al. 2013; Cranefield and Yoong 2007).

Further, a network member’s position in the network and his/her commu-
nication links are indicators of the member’s role in managing information
flow and his/her access to key decision makers. Friedkin (1983) coined the
term “horizon of observability” as the threshold where information becomes
inaccessible. Information, knowledge, or other types of resources that are
within two communication links of another network member are readily
available for decision-making. If members are two to three links away from
each other, their information, knowledge, or other resources are generally
known to the network members; however, the members are less conscious
of the specific content and its availability. Members who are three links or
greater away are incrementally moving beyond the horizon of observabil-
ity, and their knowledge is beyond easy access to others in the network.
Nonetheless, not all network links are equal, and there can be tremendous
value in relatively infrequent network ties, also called weak ties (Granovetter
1983); for example, securing and transmitting financial resources can be an
important but less frequent exchange than information sharing.

Network analysis quantitatively measures characteristics of connections
(links) between individuals or groups (nodes), typically with surveys and
interview instruments. Software—for example, InFlow and UNICET—is
readily available to graphically map a network and to analyze its connec-
tivity. Common measures of a professional network include communication
frequency, although additional link characteristics associated with willing-
ness to use information from the source in decision-making and other rela-
tional characteristics can be measured. Demographic measures of the nodes
are collected to assess correlations with roles that individuals may play. Path
lengths or degrees of separation among individuals reach across the net-
work, and an individual’s centrality measures of betweenness and closeness
illustrate their roles in bridging between otherwise unconnected subgroups
of information and dissemination of information.

Network analyses are presented from two cases: (1) a large regional fisheries-
management process for Atlantic herring in the Gulf of Maine composed of sci-
entists, industry, state, and federal governments in both the United States and
Canada, regional fisheries management councils for the northeast, mid-Atlantic
and the Atlantic states, and other stakeholder groups; and (2) a county-level
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fish land-use/habitat planning and development network in Virginia and the
bordering county in Maryland in the United States. The first case assessed the
communication network structure and function, including the iterative commu-
nication among stakeholder groups and the connectivity of scientific informa-
tion sources, while the second examined communication and use of information
from sources, that is, information that was seen as sufficiently trusted, salient,
and credible for use in management decision-making. The cases contain mul-
tiple stakeholders and considerable scientific uncertainty and information that
inform resource management decisions at a local, state, and federal level.

8.4 Case Study 1: Atlantic Herring Fisheries Management

The small, oily, schooling pelagic fish, Atlantic herring (Clupea harengus), is
a key member of a complex, multispecies ecosystem and economy of the
Northwest Atlantic, which is distributed along the North American Atlantic
coast from Cape Hatteras, North Carolina, to the Canadian Maritime prov-
inces. Atlantic herring serve as a foundation forage food for marine mam-
mals, birds, sharks, and over 20 other fish species, which contribute to an
ecotourism industry in whale and dolphin watching. Atlantic herring
eat zooplankton and connect lower and upper trophic levels in the large
Northwest Atlantic food web. There is a directed purse seine fishery, and
Atlantic herring are critical bait for the lucrative lobster fishery. Atlantic her-
ring support a breadth of economic and community activity (New England
Fisheries Management Council 2003).

In the Northwest Atlantic, herring are not currently in an overfished state,
and overfishing is not occurring—two important management classifications
that trigger additional management actions atop the regular fishery manage-
ment plan development. However, the potential for localized depletion and
negative economic impacts on other fisheries, particularly lobster, and other
economic sectors have contributed to a sequence of management plans and
amendments in recent years. While more recent fisheries management plan
(FMP) actions have been taken, the network analysis was conducted on a
joint federal-state action undertaken in the mid-2000s. Federal Amendment
1 was completed by the New England Fishery Management Council in May
2006, while State Amendment 2 was issued in August 2006 (U.S. Department
of Commerce 2007; Atlantic States Marine Fisheries Commission 2006).

8.4.1 Science Underpinning the Fisheries Management Plans

Stock assessments of the fish population size and distribution are the scien-
tific foundation for management deliberations. Atlantic herring are managed
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as one stock in the Northwest Atlantic, that is, the Gulf of Maine and Georges
Bank. Nonetheless, there is evidence of three distinct stocks in the region
with different spawning times, locations, and biological characteristics; how-
ever, the lack of quantitative data on relative stock sizes for each distinct
stock has led to difficulties in assessing individual stock status (Atlantic
States Marine Fisheries Commission 2006; Overholtz et al. 2006).

Several sources of data on Atlantic herring stocks have been assembled,
the primary being the U.S. and Canadian federal governments’ trawl sur-
veys. Further, for over 40 years, the U.S. federal government has conducted
annual acoustic surveys offshore on Georges Bank and Nantucket Shoals.
In addition, the herring fishing industry and scientists at a private research
institution conduct collaborative acoustic survey research inshore on Atlantic
herring spawning beds. Canadian and U.S. bottom-trawl surveys have been
used to model herring stock population trends and abundance over time,
although challenges are acknowledged; for example, environmental factors,
altered herring behavior, and changes in survey gear or timing have been
associated with significant annual variability. In part, to address some of
these limitations, effort has been put into developing the acoustic survey
designs for herring. In the United States, an acoustic research and monitor-
ing survey was established in 1998 by the National Marine Fisheries Service
(NMEFS) to assess prespawning herring offshore on Georges Bank, followed
in 1999 by an industry-science Collaborative Acoustic Stock Survey (CASS)
covering inshore spawning components of the stock along the Maine-New
Hampshire-Massachusetts coast.

A scientific panel converts survey data and analysis conducted by U.S.
and Canadian government fisheries scientists into an overall stock assess-
ment of abundance, geographic and temporal distribution, biomass, and
scientific advice on quotas. Given the transboundary nature of Atlantic
herring and the fishery, joint U.S. and Canadian stock assessment pro-
cesses have been established. Since 1998, the Transboundary Resources
Assessment Committee (TRAC) has reviewed stock assessments and
the projections necessary to support management activities for shared
resources across the United States—Canada boundary in the Gulf of Maine
and Georges Bank. These assessments provide advice to federal and state
resource managers on the status of fish stocks and the likely consequences
of management alternatives. The TRAC cochairs (one Canadian govern-
ment fisheries appointee and one U.S. government fisheries appointee)
identify coexperts (one each from the Canadian and U.S. government fish-
eries agencies) responsible for coordinating data preparation, leading the
analysis, facilitating the production and presentation of the working paper,
and inviting independent peer review. TRAC drafts scientific consensus
stock assessment reports and presents the results to U.S. and Canadian
fisheries managers (DFO 2009).

TRAC produced reports in 2003 (Overholtz et al. 2004) and 2006 (O’Boyle
and Overholtz 2006) referencing several sources, including U.S. winter,
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spring, and autumn bottom-trawl surveys, Canadian winter bottom-trawl
surveys, U.S. and Canadian larval herring surveys (United States 1971-
1994; Canada 1987-1995), the U.S. acoustic surveys on Georges Bank, and
CASS (Overholtz et al. 2004). The fishery-dependent data from CASS have
not been used regularly, although before the 2005 peer review, CASS data
were cited by Overholtz et al. (2004) and in the NMFS Stock Assessment
and Fishery Evaluation (SAFE) reports for Atlantic herring (Northeast
Consortium 2006). Since the 2005 CASS peer review, the survey could not
be considered a consistent time series of stock assessment data, and the
data have been used more qualitatively by TRAC (Northeast Consortium
2006).

8.4.2 Fisheries Management Plan Development

These stock assessments and other relevant science about Atlantic herring
feed into the deliberations of the fisheries management Plan Development
Teams (PDT) charged with developing a fisheries management plan. PDTs
consist of scientists and staff from the U.S. federal fisheries agency (NMFS)
and staff from the regional fisheries management councils, state fisher-
ies agencies, and research institutions. PDTs review stock assessment and
other scientific findings before drafting regulatory measures and develop-
ing proposals for the species-specific oversight committee, which is a sub-
set of the council members. Advisory panels are formed for each fishery
among recreational and commercial fishers, charter boat operators, buyers,
sellers, consumers, and other knowledgeable and interested stakeholder
groups to provide advice and input to their respective PDTs, an oversight
committee, and the councils. The oversight committee presents manage-
ment strategies and measures to the full regional fisheries management
council (for herring, the Northeast Fishery Management Council) for the
approval and formation of a final FMP, which is then presented to NMFS
for approval.

In addition to the federal fisheries management process, individual
states in the United States are responsible for managing fisheries in
state waters (within three miles of shore), although they must be consis-
tent with federal rules. Established in 1942, the Atlantic States Marine
Fisheries Commission (ASMFC) has three commissioners from each of
the 15 Atlantic coast states from Florida to Maine, specifically the direc-
tor of each state’s marine fisheries agency, a state legislator for each state,
and an appointed knowledgeable and interested individual. Each state
has a single vote. The ASMFC adopts FMPs for coastal fisheries although
it has limited regulatory authority, and it works cooperatively with lead-
state regulatory agencies on interstate fisheries management, research,
and statistical analysis; fisheries science; habitat conservation; and law
enforcement.
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8.4.3 Methods: Atlantic Herring Management

A questionnaire was administered via the web, telephone, or as hard cop-
ies among 249 participants identified in the public records as participating
in the Atlantic herring FMP process and confirmed as participants by key
informants. The questionnaire asked respondents to indicate the frequency
with which they communicated with each listed individual on a scale from
0 to 5, with 0 meaning never; 1, yearly; 2, quarterly; 3, monthly; 4, weekly;
and 5, daily. A 1-5 scaled frequency of communication is a common network
analysis measure (Scott 2000; Monge and Contractor 2003).

Further demographic information was gathered, including age, years of
experience on the job, educational achievement, and discipline or profession.
The individuals participating in the CASS and TRAC stock assessment pro-
cesses were identified based on a public record so that they could be located
in the network maps. Standard survey data collection procedures and qual-
ity control standards were used in the design and administration of the
questionnaire (Dillman 1999).

Data on the links (i.e, scaled frequency measures) and the nodes (i.e.,
demographic identifiers for the individuals) were entered into a database
for importation into the InFlow software to generate network maps and to
run the network-connectivity measures. An algorithm from mathematical
graph theory is applied by most network analysis software; the algorithm
in InFlow spatially orientates nodes in a map based on their relationship
with each other. Once the network was mapped, connectivity metrics were
calculated, specifically network size, density, and path lengths, along with
measures of an individual’s network centrality (degree, betweenness, close-
ness). Degree is defined as the total number of links an individual has with
other nodes and is a measure of the activity level of the individual (Scott
2000; Monge and Contractor 2003). Betweenness is a core measure of central-
ity in a network based on a position of the shortest path between other nodes
in a network (Freeman 1977). Someone with higher values of betweenness
is most efficiently linking different individuals. For instance, an individual
positioned between two clusters of nodes that are not otherwise connected
would have a high value of betweenness. Closeness measures how close an
individual is to everyone else; individuals with the highest values of close-
ness have the shortest path to everyone else and are in the best network posi-
tion to monitor network information flow (Scott 2000; Monge and Contractor
2003).

8.4.4 Findings: Atlantic Herring Management

The communication network map of Atlantic herring fisheries management
(Figure 8.2) reflects a snapshot in time (winter/spring 2007) among 146 indi-
viduals communicating weekly, consisting of members of state agencies
from Maine to North Carolina; U.S. and Canadian federal fisheries agencies;
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FIGURE 8.2
Atlantic herring management network map (weekly communication) with TRAC, CASS, and
PDT participants noted.

several industry sectors, for example, the directed herring fishery, the lobster
fishery, and the hook-and-line sector; and four nongovernmental organiza-
tions. The map represents individuals (referred to as nodes or actors) as the
endpoints of lines and (at least weekly) communication channels between
two nodes as lines. The large network (146 individuals) communicates
weekly, which illustrates iterative communication.

The network’s density was 1%. Density reflects how many links exist
between different members; if everyone spoke with everyone else, then the
network’s density would be 100%. The weighted average path length of the
entire network was 2.5. In other words, any two individuals in the network
were on average fewer than three links away from each other within the
horizon of observability and were likely generally aware of each other. For a
network this large and with such a low density, to maintain a weighted aver-
age path length below 3.0, important bridging services were being provided
by members of the network.

The node located in the center of the map demonstrated on average four
times more links to others than the next ranked member of the network.
That individual’s network position and function illustrated the highest over-
all activity level in the network. He had the highest betweenness score (0.20),
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three times higher than the next ranked network member (0.06), and thus
was forging strong connections between subgroups. Such bridgers connect
otherwise disparate groups and allow the network to share information rela-
tively efficiently, broadly, and quickly (within a week) across the breadth of
the network. This bridger enables iterative communication across sectors.

Coleman (1990) showed that the presence of many links in a network
(high density) contributes to the sense of belonging and group identity.
Bodin et al. (2006) suggested that density is an indication of the strength
of trust among individuals. Therefore, the Atlantic herring FMP network
was less likely to form a strong sense of group identity or belonging. The
stakeholders remain independent, and the network structure illustrated the
disparate subgroups. Fisheries management in the United States is often
characterized as a competitive public deliberation among disparate interest
groups (Orbach 1989; Hilborn 2007), consistent with the network structure
findings in this study.

Not all communication is equal; some has more significance in transmit-
ting particular types of information or resources (Granovetter 1983), so path-
ways to the PDT are important for potential influence and for facilitating
the science-to-management process. Both TRAC and CASS members have
access to the PDT through their members who participate directly on the
PDT. The institutionalized role of TRAC gives it preferential weight in the
stock assessment over CASS. However, CASS had twice as many individuals
serving bridging roles as TRAC. With greater connections to the PDT, CASS
held far more communication pathways to access the PDT to build salience,
credibility, and legitimacy in CASS scientific information with its uncertain-
ties among the PDT members. Consequently, CASS likely overcame the insti-
tutional disadvantage of being a nonfederal trawl survey.

Figure 8.2 identifies the CASS, the TRAC stock assessment process, and the
PDT members in the overall Atlantic herring FMP network. Two individuals
participated in both CASS and TRAC. One was from industry (upper central
node in Figure 8.2) and one from a state regulatory agency (the central node
in Figure 8.2), so they bridged between those subgroups. The state regulatory
agency member is the individual discussed above with the highest value of
betweenness (0.20) and the most overall links. In fact, that individual also
participated on the PDT and so bridged all three subgroups. A second repre-
sentative from the state regulatory agency participated in the acoustic survey
and the PDT. Hence, the acoustic survey subgroup had more representatives
on the PDT (two) than TRAC (one), although TRAC had more of its subgroup
members (16 out of the total of 28, or 57%) involved in the FMP process at a
weekly frequency than the acoustic survey (5 out of the total of 24, or 21%).
The network positions of CASS participants within TRAC demonstrated
sufficient access to ensure that the information and data along with the
uncertainties were available to the stock assessment scientists. A document
review confirmed that the TRAC scientists were aware of the availability of
the CASS data (Overholtz et al. 2006).
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8.5 Case Study 2: Fisheries Habitat Management
in the Chesapeake Bay, United States

Chesapeake Bay is North America’s largest estuary. The watershed is
home to 16.9 million people (more than double the 1950 population), covers
166,000 km?, and includes six states (New York, Pennsylvania, West Virginia,
Maryland, Delaware, and Virginia) and the District of Columbia (DC). Over
half the watershed is forested, and another quarter is in agricultural use.
Over 5000 domestic and industrial waste discharges are made into the
watershed (Boesch and Goldman 2009; Chesapeake Bay Program 2010).

Excess nutrients, particularly nitrogen and phosphorous from nonpoint
source run-off, and atmospheric deposition have led to a significant decline
in water quality and accelerated eutrophication. It was estimated that by the
mid-1980s, the Bay was receiving seven times more nitrogen and 16 times
more phosphorous annually than when the English arrived in 1607 (Boynton
et al. 1995). Sediment inputs remain high—two million tons of sediments
from nontidal rivers entered the Bay in 2009, and from 1990 to 2009 the aver-
age annual sediment load was four million tons (Chesapeake Bay Program
2010). In turn, these factors precipitated a shift in the ecosystem state from a
clear, seagrass-based system to a more turbid, phytoplankton-based ecosys-
tem. The predominant habitats and biological communities changed accord-
ingly. Fishing and habitat alterations—for example, dams interrupting
alosine fish migration—led to changes in the dominant species and altered
stock sizes. The collapse of oyster stocks and the dramatic loss of oyster
reefs, coupled with the loss of wetlands and riparian forest, further degraded
water quality by removing critical nutrient and sediment sinks (Chesapeake
Bay Fisheries Ecosystem Advisory Panel 2006; Boesch and Goldman 2009).

The ecosystem-based management (EBM) efforts in Chesapeake Bay are
often cited as stellar examples of EBM that link watershed, estuarine, coastal,
and fishery resource management (e.g., Appleton 2008; UNEP/GPA 2006; U.S.
Commission on Ocean Policy 2004). However, on-the-ground implementa-
tion has fallen short, as consensus on state and federal policy goals and
objectives have not always led to local action and successful implementa-
tion (Posner 2009; Boesch and Goldman 2009). Boesch (2006) concluded that
more effective bridging and integration of science and management were
needed to achieve EBM in the Chesapeake. An ecosystem-based fisheries-
management (EBFM) pilot project in Chesapeake Bay sought to bridge scien-
tific understanding with management needs.

Starting in 2008, over 80 state and federal agency partners and research
institutions (88 individuals), with funding from the U.S. Environmental
Protection Agency (USEPA) Chesapeake Bay Program Office and sup-
port from the NMFS Chesapeake Bay Office, developed a new operational
approach for EBFM in Chesapeake Bay. The EBFM project, coordinated by
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Maryland Sea Grant (MDSG), aimed to contribute to the adoption of FMPs
that consider the interconnections between five key indicator species in
Chesapeake Bay (striped bass, menhaden, American shad, blue crab, and
oyster); their physical and living environments; and the human influences on
the species and environments. Each species team was charged with defining
the essential biological background, stressors, and specific issues each spe-
cies face, that is, the overall ecosystem context for the species.

8.5.1 Methods: Chesapeake Bay EBFM

We asked each species team to identify critical coastal habitats for their
species based on the use of those habitats during significant stages of the
species lifecycle, the vulnerability of habitat to degradation, and their profes-
sional judgment. Overlaying the critical habitats for each species on a map of
Chesapeake Bay, we identified counties throughout the Chesapeake where
land-use decisions affecting local habitats were most impactful to fisheries.
Accomack County on the eastern shore of Virginia and Somerset County in
Maryland were chosen, in part, because they are two adjacent counties that
represented comparable populations, multiple jurisdictions, and a relatively
manageable universe of fisheries, habitat and land-use planning, and devel-
opment professionals. We compiled the list of local and state government
staff and elected officials, nongovernmental organizations, civic leaders, and
other central stakeholders in fisheries and land-use planning in these coun-
ties through key informant interviews and a review of public records.

The 88 participants in the EBFM project and 223 individuals from the two
counties were surveyed or interviewed. The respondents reviewed a roster
of individuals and provided a 1-5, Likert-scaled weighting for communica-
tion frequency and usefulness of information in decision-making for each
individual listed. Standard data collection procedures and quality control
standards were used in the design and administration of the questionnaire
(Dillman 1999). Demographic measures were included (employer, level of
education, and discipline). As with the Atlantic herring case study, data were
imported into the InFlow software for the generation of network maps and
the centrality measures of the network structure and function.

8.5.2 Findings: Chesapeake Bay EBFM

Figure 8.3 illustrates the weekly iterative communication network maps
for the EBFM project participants (fisheries managers and scientists) and
the land-use/habitat planning and development professional networks in
Accomack County, Virginia; and Somerset County, Maryland. No individu-
als participated in both the fisheries and land-use/habitat networks, and only
one bridging link existed between the two professional networks. Weekly
communication is often at an operational level, illustrating individuals
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Fisheries network

The only weekly communication
link between the fisheries and land-
use professional networks was
severed six months after the study
was completed, when the fisheries
network member left her job.

AN

FIGURE 8.3
Fisheries and land-use weekly communication networks, Chesapeake Bay.

regularly working together on a project. The one bridging individual in the
fisheries network was an EBFM project facilitator whose contact node in
the land-use/habitat network was in the State of Maryland’s Department of
Natural Resources. Within six months of completing the network analysis in
2011, this facilitator left her position, thus severing the only weekly commu-
nication link between the two professional networks.

The land-use/habitat network is arranged spatially by the InFlow soft-
ware, reflecting the outcome of the network algorithm, and illustrating the
four distinct, weekly communication subnetworks among the land-use pro-
fessional community. The largest subnetwork in the center contains sub-
clusters comprised predominantly of participants from either Maryland or
Virginia but not both. A few bridgers exist, but little iterative communication
occurs between the two states” land-use professional network. In contrast,
the EBFM network is arranged according to the organizational design chart
for the EBFM project. The EBFM network illustrates extensive iterative com-
munication across the manager and science sectors. Thus, greater salience,
credibility, legitimacy, and trust in science with its uncertainties were likely
among managers than other, nonparticipating stakeholders.

Figure 8.4 contains the usefulness network among land-use/habitat plan-
ning and development professionals in Accomack County, Virginia; and
Somerset County, Maryland. A usefulness network illustrates information
sources that are trusted, salient, and credible enough for an individual to use
that information when they make decisions. Information from these sources
was identified as “very useful” in making decisions by respondents. The
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Key: Bridgers

Maryland

FIGURE 8.4
Usefulness network: information sources very useful for decision-making.

usefulness network consists of a 92-member network as opposed to the four
subnetworks composed of 167 individuals in the weekly communication net-
work. There were distinct subclusters in the usefulness network and a low
density (1%), which illustrate the critical role specific individuals were play-
ing to maintain connectivity across the entire usefulness network. However,
bridgers were effective, and the weighted average path length, 1.29, was also
low, illustrating that reaching across the network is relatively easy. No one
is so far apart that others may not be aware of their usefulness and actu-
ally using others’ information in their own decisions. Three distinct bridgers
exist in the network. The bridger marked by a black square in Figure 8.4 has
the most connections to otherwise isolated individuals; thus, that person’s
betweenness measure is nearly ten times greater than that for any other indi-
vidual (0.29 versus 0.03 for the next highest betweenness score). Further, those
individuals identified by the black arrows in Figure 8.4 are the only connec-
tions between subclusters, including the only connection between Maryland
and Virginia usefulness subnetworks. While a small number of individuals
from the opposite state were located within each of these state-specific sub-
networks, in general Marylanders found other Marylanders most useful in
making their decisions, and Virginians saw Virginians as most useful.
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8.6 Networks, Boundary Spanners, and
Trust in Scientific Information

Trust, salience, and credibility in science come from iterative discussion
among stakeholders (Habermas 1984, 1987). Tactics and strategies that
seek to expand the review of scientific information and uncertainties or to
increase stakeholder involvement in the generation of scientific information
have been developed to advance openness and transparency and iterative
communication (Dankel et al. 2012). Consideration of the governance net-
works of fisheries management also provides additional insights into how
trust, salience, and credibility are built and maintained in order to advance
the use and influence of information. The patterns in the network structure
and function of the Atlantic herring FMP and Chesapeake Bay EBFM project
illustrated some of those advancements. Table 8.2 summarizes the findings
from these two case studies.

Bridgers can synthesize a large pool of knowledge and learn about the
organizational dynamics and interests of the subgroups that they connect,
aiding the integration of information across subgroups because they can
illustrate the salience and credibility of information to both subgroup audi-
ences of which they are a member (Burt 2003). Both the Atlantic herring FMP
and Chesapeake Bay EBFM networks had important bridgers who were con-
necting otherwise disparate members. Examples in both cases illustrated
single individuals who were linking large subgroups. Nonetheless, these
networks were fragile. If the individuals serving the bridging roles retired,
took a new job, or otherwise left the network entirely, the networks would
fracture substantially. When bridgers become overwhelmed with their net-
work role or become highly specialized in their expertise, they can begin to
inhibit iterative communication rather than advance it. Under these circum-
stances, a bridger is serving as a gatekeeper, regulating information flow,
and hoarding information and resources (Cranefield and Yoong 2007; Long
et al. 2013).

Further, individuals simultaneously participate in several networks, serv-
ing different roles in each. A critical bridger in one communication network
may not be a critical bridger in the usefulness network and thus will not
have the same influence in decision-making as he/she did in network com-
munication. An iterative communication network may be fundamental in
building mutual understanding, and while that arrangement may also be
fundamental in establishing trust, salience, and credibility, the communica-
tion network alone is not what makes individuals and their information use-
ful in decision-making. Our understanding of what enables bridgers—what
resources and capacities they need—is still emerging. Given that bridging
roles and structures may be different in communication versus usefulness
networks, a bridger’s skills and abilities may need to differ too.
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TABLE 8.2

Insights From Network Analysis on Building Trust in Scientific Information

Network Feature

Description

Bridgers and the
bridging function

Network density

Influence

Networks disconnected

Fragile nested networks

Communication
pathways

Usefulness networks

Network-wide bridgers and individuals serving bridging
functions between particularly important subgroups, e.g.,
industry and scientists, connect otherwise disparate
groups and allow the network to share information
relatively efficiently, broadly, and quickly.

Density measures indicate the strength of trust and the
potential of social control, mutual understanding, group
identity, and respect among members of the group(s).
However, given the diversity of stakeholder participants
and low densities in fisheries management networks,
fisheries management and science will start from a point
of low trust, salience, and credibility.

Network structure illustrates whether an individual might
have access to decision makers and provides a venue
where his/her voice will be heard. Additional network
link measures are needed to examine other dimensions of
influence, e.g., whether that information is understood
and acted upon by the decision makers. Usefulness
network measures contribute to filling this gap.

Management networks across sectors, e.g., fisheries and
land-use/habitat, and jurisdictions, e.g., states and
municipalities, are not likely sufficiently connected or
nested to advance information integration. Governmental
stovepipes are real and inhibit information flow.

While connections between disparate subnetworks of
sector or jurisdictional networks are rare, when they do
exist they can be fragile, with just a few individuals
enabling the connections. If an individual changes jobs,
retires, or changes roles, the nested networks fracture and
come apart.

Communication and information flow does not necessarily
track the chain of command in the organizational chart;
additional pathways of information flow may exist.

Usefulness networks share general structural and
functional features with communication networks. They
have bridgers, and they can be tight and dense or loose
and broad networks. However, an individual who is a
bridger in a communication network may not serve the
same role in a usefulness network.

Bodin et al. (2006) noted that density is an indication of the strength of
trust and the potential of group identity and social conformity in a group.
The fisheries management communication and usefulness networks here
had low densities and highly diverse stakeholder membership. Effective
bridgers between network components increased connectivity across the
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networks and iterative communication across sectors and boundaries, thus
facilitating information flow and use. Low weighted average path lengths
in the two networks studied here illustrated that reach across the network
was well within the horizon of observability—members likely knew of other
members and the general usefulness of other information sources. But these
networks did not show high levels of group cohesion from high densities,
inherent trust, obvious salience, and automatically granted credibility. It is
critical to earn trust, to build mutual understanding in order to illustrate
salience, and to establish professional relationships that engender credibility.

In spite of the shortcomings identified in the two networks studied here, the
network structure was providing the members with access to each other—
with a venue for their voices to be heard. The usefulness networks indicate
that for some, those messages were heard, accepted, and used. Conducting
both communication and usefulness network analyses provided insights
into whether individuals and their information were influential, that is,
going beyond iterative communication to achieve salience, credibility, and
legitimacy of scientific information with uncertainties.

Networks are very dynamic, multifaceted phenomena. As seen in the
Chesapeake Bay EBFM communication network, information and resources
flow through many pathways, including those beyond the organizational
chain of command. We cannot always or fully guide the flow of information
and resources through our organizational designs alone. Stovepipes in gov-
ernment and coastal and marine resource management and disconnected
subgroups across sectors and jurisdictions are real. There is little connection
between regional fisheries management in Chesapeake Bay and local land-
use/habitat planning and development decisions that impact critical fish
habitat. Further, little connectivity exists across state boundaries on land-
use/habitat planning and development between Maryland and Virginia.
Without these fundamental communication connections, there can be little
hope for informing stakeholders and building trust in the science among
each resource management domain and less hope for influencing decisions
and outcomes.

8.7 Conclusion

Donald Rumsfeld provided a simple, nontechnical classification of infor-
mation and uncertainty—knowns, known unknowns, and unknown
unknowns. Previous research has shown that different stakeholders view
information and these uncertainties differently, with some believing that
uncertainties bolster credibility and others feeling that they undermine
credibility and trust. Network analysis provides insights into how informa-
tion can flow between subgroups and how iterative communication can be
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fostered to build mutual understanding, which in turn, over time, can estab-
lish trust, salience, credibility, and legitimacy in science and information.

Some prominent fisheries scientists and managers have voiced concern
over how to address uncertainty (e.g., Rosenberg 2007). Does an overem-
phasis lead to decision paralysis or does underemphasizing uncertainty and
not being open and transparent increase the risk of actually undermining
the credibility of and trust in science? Since communication and usefulness
networks can be structurally and functionally different, and stakeholders
perceive uncertainty and strategies for addressing uncertainty differently,
it appears that if the public deliberations surrounding uncertainty do not
progress beyond generally increasing awareness of scientific outcomes and
processes, there is a risk that overemphasizing uncertainty could damage
trust and credibility.

To move stakeholders beyond general awareness of information requires
more iterative communication than is prevalent in the current stovepiped
communication networks. Iterative communication occurs over time,
includes multiple communication exchanges between individuals, provides
time for reflection and asking clarifying questions, and builds a deeper
understanding of each other’s perspectives. There were not adequate nested
networks across sectors and jurisdictions in our two case studies to establish
the salience, credibility, and legitimacy of the scientific information with its
uncertainties. More long-term, iterative communication across multiple sec-
tors and stakeholders through participatory modeling and monitoring and
collaborative research may be more likely to enhance credibility and trust in
science and information in the face of uncertainty than strategies designed
only to be more open and transparent, for example, pedigree analysis, uncer-
tainty matrices, and extended peer reviews.

However, our understanding of how governance networks evolve over
time and how communication networks may grow into usefulness networks
is limited because longitudinal studies of networks are rare. Networks are
not static, and it is likely that network structures and function ebb and flow
temporally. Thus, networks show great potential to achieve a high level of
iterative communication, provide mechanisms for nested networks among
sectors and jurisdictions, and develop more open and transparent decision
strategies that are more iterative and participatory.

Lastly, network analysis methods and software are becoming easier to use
and more frequently applied, although network analysis remains a relatively
new, emerging field in the coastal and marine resource management context.
Network analysis shows a lot of promise, but the field needs to advance in
some critical areas. Networks are far more dynamic and multifaceted than
broad social-capital and social-network studies may imply, and thus we
need to be cautious in interpreting network structures and functions and
the ramifications of network structures and functions for addressing uncer-
tainty, illustrating influence, and guiding management. Nonetheless, the
further expansion of connectivity measures to consider salience, credibility,
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trust, and other dimensions of information flow, influence, and the science-
to-management interface presents exciting opportunities for the growth of
governance network theory and practice.

References

Agranoff, R. 2007. Managing within Networks: Adding Value to Public Organizations.
Washington, DC: Georgetown University Press.

Appleton, A. 2008. Perspective: A bird’s eye view of the Chesapeake. Marine
Ecosystem and Management 1 (4): 7-8. http://deptswashington.edu/meam/
MEAM4 . html.

Atlantic States Marine Fisheries Commission. 2006. Amendment 2 to the interstate
fishery management plan for Atlantic herring. Washington, DC: Atlantic States
Marine Fisheries Commission.

Bentley N. and T. K. Stokes. 2009. Contrasting paradigms for fisheries management
decision making: How well do they serve data-poor fisheries? Marine and
Coastal Fisheries: Dynamics, Management and Ecosystem Science 1: 391-401.

Betsill, M. M. and E. Corell, eds. 2008. NGO Diplomacy: The Influence of Nongovernmental
Organizations in International Environmental Negotiations. Cambridge, MA: MIT
Press.

Bodin, O. and B. L. Crona. 2009. The role of social networks in natural resource gover-
nance: What relational patterns make a difference? Global Environmental Change
19: 366—-374.

Bodin, O., B. I. Crona, and H. Ernstson. 2006. Social networks in natural resource
management: What is there to learn from a structural perspective? Ecology and
Society 11: 1-8.

Boesch, D. F. 2006. Scientific requirements for ecosystem-based management in the
restoration of Chesapeake Bay and Coastal Louisiana. Ecological Engineering 26:
6-26.

Boesch, D. F. and E. B. Goldman. 2009. Chesapeake Bay, USA. In Ecosystem-Based
Management for the Oceans, edited by K. McLeod and H. Leslie, 268-293.
Washington, DC: Island Press.

Boynton, W. R, J. H. Garber, R. Summers, et al. 1995. Inputs, transformations, and
transport of nitrogen and phosphorus in Chesapeake Bay and selected tribu-
taries. Estuaries and Coasts 18: 285-314.

Burt, R. S. 2003. The social capital of structural holes. In The New Economic Sociology:
Developments in an Emerging Field, edited by M. F. Guillen, R. Collins, P. England,
and M. Meyer, 148-189. New York: Russell Sage Foundation.

Butler, M. ], L. L. Steele, and R. A. Robertson. 2001. Adaptive resource management
in the New England groundfish fishery: Implications for public participation
and impact assessment. Society and Natural Resources 14: 791-801.

Carr, L. M. and W. D. Heyman. 2012. It’s about seeing what’s actually out there:
Quantifying fishers” ecological knowledge and biases in a small-scale commer-
cial fishery as a path towards co-management. Ocean & Coastal Management 69:
118-132.


http://depts.washington.edu
http://depts.washington.edu

When Scientific Uncertainty Is in the Eye of the Beholder 199

Chesapeake Bay Fisheries Ecosystem Advisory Panel (National Oceanic and
Atmospheric Administration Chesapeake Bay Office). 2006. Fisheries Ecosystem
Planning for Chesapeake Bay. American Fisheries Society, Trends in Fisheries
Science and Management 3. Bethesda: American Fisheries Society.

Chesapeake Bay Program. 2010. Bay barometer: A health and restoration assess-
ment of the Chesapeake Bay and watershed 2009. Annapolis: Chesapeake Bay
Program. http://www.chesapeakebay.net/content/publications/cbp_50513.pdf.

Coleman, J. S. 1990. Foundations of Social Theory. Cambridge, MA: Harvard University
Press.

Conway, F. D. L. and C. Pomeroy. 2006. Evaluate the human—as well as the
biological—objectives of cooperative fisheries research. Fisheries 31: 447-454.

Cook, G. and B. Daley. 2003. Mistrust between scientists, fishers mars key mission. The
Boston Globe. 27 October. http://www.boston.com/news/local/massachusetts/
articles/2003/10/27/scientists_fishermen_in_standoff/?page=full.

Cranefield, J. and P. Yoong. 2007. Interorganisational knowledge transfer: The role of
the gatekeeper. International Journal of Knowledge Learning 3: 121-138.

Dankel, D. ], R. Aps, G. Padda, et al. 2012. Advice under uncertainty in the marine
system. ICES Journal of Marine Science 69: 3—7.

Danielson, S., T. Webler, and S. P. Tuler. 2010. Using Q method for formative
evaluation of a public participation process. Society and Natural Resources
23: 92-96.

DFO (Fisheries and Oceans Canada). 2009. Transboundary Resources Assessment
Committee (TRAC): Process. http://www2.mar.dfo-mpo.gc.ca/science/trac/
process.html.

Dillman, D. A. 1999. Mail and Internet Surveys: The Tailored Design Method. New York:
John Wiley.

Freeman, L. C. 1977. A set of measures of centrality based on betweenness. Sociometry
40: 35-41.

Friedkin, N. E. 1983. Horizons of observability and limits of informal control in orga-
nizations. Social Forces 62: 54-77.

Gibbs, M. T. 2008. Network governance in fisheries. Marine Policy 32: 113-119.

Granovetter, M. S. 1983. The strength of weak ties: A network theory revisited.
Sociological Theory 1: 201-233.

Gulf of Maine Cod Working Group. 2012. Gulf of Maine (GOM) Cod Working
Group summary. Gloucester: NOAA National Marine Fisheries Service. http://
www.nero.noaa.gov/nero/hotnews/gomcod/GOM%20Cod%20Working%?20
Group%20Meeting_summary_v5.pdf.

Habermas, ]. 1984. The Theory of Communicative Action. Vol. 1, Reason and the
Rationalization of Society, translated by T. McCarthy. Boston: Beacon Press.
Habermas, J. 1987. The Theory of Communicative Action. Vol. 1I, The Critique of

Functionalist Reason, translated by T. McCarthy. Boston: Beacon Press.

Hartley, T. W. 2010. Fishery management as a governance network: Examples from
the Gulf of Maine and the potential for communication network analysis
research in fisheries. Marine Policy 34: 1060-1067.

Hartley, T. W. and R. A. Robertson. 2006. Emergence of multi-stakeholder driven
cooperative research in the Northwest Atlantic: The case of the northeast con-
sortium. Marine Policy 30: 580-592.

Hartley, T. W. and R. A. Robertson. 2008. Cooperative research program goals in New
England: Perceptions of active commercial fishermen. Fisheries 33: 551-559.


http://www.chesapeakebay.net
http://www.boston.com
http://www.boston.com
http://www2.mar.dfo-mpo.gc.ca
http://www2.mar.dfo-mpo.gc.ca
http://www.nero.noaa.gov
http://www.nero.noaa.gov
http://www.nero.noaa.gov

200 Effective Coastal and Ocean Management

Heinz (The H. John Heinz III Center for Science, Economics and the Environment).
2000. Fishing Grounds: Defining a New Era for American Fisheries Management.
Washington, DC: Island Press.

Hilborn, R. 2007. Defining success in fisheries and conflicts in objectives. Marine
Policy 31: 153-158.

Johnson, B. B. and P. Slovic. 1995. Presenting uncertainty in health risk assess-
ment: Initial studies of its effects on risk perception and trust. Risk Analysis 15:
485-494.

Johnson, T. R. and W. L. T. van Densen. 2007. Benefits and organization of cooperative
research. ICES Journal of Marine Science 64: 862—868.

Jones, A, S. J. Slade, A. J. Williams, et al. 2007. Pitfalls and benefits of involving
industry in fisheries research: A case study of the live reef fish industry in
Queensland, Australia. Ocean & Coastal Management 50: 428-442.

Kaplan, I. M. and B. J. McCay. 2004. Cooperative research, co-management and
the social dimension of fisheries science and management. Marine Policy 28:
257-258.

King, P. 1999. Practitioner’s profile: The Fishermen and Scientists Research Society.
Common Property Resource Digest 49: 9-11.

Keepin, B. and B. Wynne. 1984. Technical analysis of IIASA energy scenarios. Nature
312: 691-695.

Kloprogge, P. and J. P. van der Sluijs. 2006. The inclusion of stakeholder knowledge
and perspectives in integrated assessment of climate change. Climatic Change
75: 359-389.

Legault, C. M. 2009. Report of the retrospective working group, January 14-16, 2008,
Woods Hole, MA. Northeast Fisheries Science Center reference document
09-01. Silver Spring: National Oceanic and Atmospheric Administration/
National Marine Fisheries Service. http://www.nefsc.noaa.gov/nefsc/publica-
tions/crd/crd0901/crd0901.pdf.

Long,].C, F.C. Cunningham, and F. Braithwaite. 2013. Bridges, brokers and boundary
spanners in collaborative networks: A systematic review. BMC Health Services
Research 13: 158-171. http://www.biomedcentral.com/1472-6963/13/158.

Manring, S. L. 2007. Creating and maintaining interorganizational learning networks
to achieve sustainable ecosystem management. Organization and Environment
20: 325-346.

Monge, P. R. and N. S. Contractor. 2003. Theories of Communication Networks. New
York: Oxford University Press.

New England Fisheries Management Council. 2003. The Role of Atlantic Herring,
Cuplea harengus, in the Northwest Atlantic Ecosystem. Woods Hole: Northeast
Fisheries Science Center.

Newman, L. and A. Dale. 2005. Network structure, diversity, and proactive resil-
ience building: A response to Tompkins and Adger. Ecology and Society 10: 1-4.
http://www.ecologyandsociety.org/vol10/iss1/resp2/.

Nies, T. 2012. Challenges in rebuilding New England groundfish. Presentation to
committee on the evaluating the effectiveness of stock rebuilding plans of the
2006 Fishery Conservation and Management Reauthorization Act, June 8-9,
2012, Boston, MA. Washington, DC: National Research Council.

Northeast Consortium. 2006. Commercial vessel acoustic survey of coastal herring
spawning units: Year 5. Durham, NH: Northeast Consortium. http://www.
northeastconsortium.org/ProjectView.pm?id=1494.


http://www.nefsc.noaa.gov
http://www.nefsc.noaa.gov
http://www.biomedcentral.com
http://www.ecologyandsociety.org
http://www.northeastconsortium.org
http://www.northeastconsortium.org

When Scientific Uncertainty Is in the Eye of the Beholder 201

NRC (National Research Council, National Academies of Science). 2014. Evaluating
the Effectiveness of Fish Stock Rebuilding Plans in the United States. Washington,
DC: The National Academies Press.

O’Boyle, R. and W. Overholtz. 2006. Proceedings from the Transboundary Resource
Assessment Committee (TRAC) Benchmark Review of Stock Assessment Models for
Gulf of Maine and Georges Bank Herring. Dartmouth, Nova Scotia: Fisheries and
Oceans Canada.

Okey, T. A. 2003. Membership of the eight regional fishery management councils
in the United States: Are special interests over-represented? Marine Policy 27:
193-206.

Orbach, M. 1989. Of mackerel and menhaden: A public policy perspective on fishery
conflict. Ocean and Shoreline Management 12: 1-18.

Overholtz, W. ], L. D. Jacobson, G. D. Melvin, et al. 2004. Stock assessment of the
Gulf of Maine—-Georges Bank Atlantic complex, 2003. Woods Hole: Northeast
Fisheries Science Center.

Overholtz, W. J., J. M. Jech, W. L. Michaels, et al. 2006. Empirical comparisons of
survey designs in acoustic surveys of Gulf of Maine-Georges Bank Atlantic
herring. Journal of Northwest Atlantic Fisheries Science 36: 127-144.

Parma, A. M, J. M. Orensanz, L. Elias, et al. 2003. Diving for shellfish and data: Incentives
for the participation of fishers in the monitoring and management of artisanal
fisheries around southern South America. In Towards Sustainability of Data-limited
Multi-sector Fisheries: Australian Society for Fish Biology Workshop Proceedings,
Bunbury, Australia, 23-24 September 2001, edited by S. ]. Newman, D. J. Gaughan,
G. Jackson, M. C. Mackie, B. Molony;, ]. St. John, and P. Kaiola, 8-29. Perth, Western
Australia: Department of Fisheries, Fisheries Occasional Publications.

Posner, P. 2009. Networks in the shadow of government: The Chesapeake Bay pro-
gram. In Unlocking the Power of Networks: Keys to High-Performance Government,
edited by S. Goldsmith and D. F. Kettl, 62-94. Washington, DC: Brookings
Institution Press.

Rabinovich, A. and T. A. Morton. 2012. Unquestioned answers or unanswered ques-
tions: Beliefs about science guide response to uncertainty in climate change
risk communication. Risk Analysis 32: 992-1002.

Reed, M. S. 2008. Stakeholder participation for environmental management: A litera-
ture review. Biological Conservation 141: 2417-2431.

Roéckmann C., C. Ulrich, M. Dreyer, et al. 2012. The added value of participatory
modelling in fisheries management—What has been learnt? Marine Policy 36:
1072-1085.

Rosenberg, A. A. 2003. Managing to the margins: The overexploitation of fisheries.
Frontiers in Ecology and the Environment 1: 102-106.

Rosenberg, A. A. 2007. Fishing for certainty: Science advisors should have confidence
in their data, or risk being drowned-out by more dogmatic stakeholders. Nature
449: 989.

Rumsfeld, D. H. February 12, 2002. DoD news briefing—Secretary Rumsfeld and
General Myers. Washington, DC: U.S. Department of Defense. http://www.
defense.gov/transcripts/transcript.aspx?transcriptid=2636n.

Scott, J. 2000. Social Network Analysis: A Handbook. 2nd ed. Thousand Oaks, CA: Sage
Publications.

Stojanovic, T. A, I. Ball, R. C. Ballinger, et al. 2009. The role of research networks for
science—policy collaboration in the coastal areas. Marine Policy 33: 901-911.


http://www.defense.gov
http://www.defense.gov

202 Effective Coastal and Ocean Management

UNEP/GPA (United Nations Environment Programme/Global Programme for
Action for the Protection of the Marine Environment from Land-based
Activities). 2006. Ecosystem-Based Management: Makers for Assessing Progress. The
Hague: UNEP/GPA.

U.S. Commission on Ocean Policy. 2004. An Ocean Blueprint for the 21st Century.
Washington, DC: U.S. Commission on Ocean Policy.

US. Department of Commerce. 2012. Magnuson-Stevens Fishery Conservation
and Management Act provisions; Fisheries of the northeastern United States;
Northeast multispecies fishery; Interim action; Prepublication. 50 CFR Part 648.
Federal Register 77: 25623-25630.

U.S. Department of Commerce. National Oceanic and Atmospheric Administration.
March 12, 2007. Fisheries of the northeastern United States, Atlantic herring
fishery, amendment 1, final rule. Federal Register 72: 11252-11281.

van der Sluijs, J. P, A. C. Petersen, P. H. M. Janssen, et al. 2008. Exploring the quality
of evidence for complex and contested policy decisions. Environmental Research
Letters 3: 1-9.

Verschuren, P. and B. Arts. 2004. Quantifying influence in complex decision making
by means of paired comparisons. Quality and Quantity 38: 495-516.

Walker, W. E., P. Jarremoes, J. P. van der Sluijs, et al. 2003. Defining uncertainty: A
conceptual basis for uncertainty management in model-based decision sup-
port. Integrated Assessment 4: 5-7.

Williams, B. A. and A. R. Matheny. 1995. Democracy, Dialogue, and Environmental
Disputes: The Contested Languages of Social Regulation. New Haven, CT: Yale
University Press.

Wilson, D. C. 2009. The Paradoxes of Transparency: Science and the Ecosystem Approach
to Fisheries Management in Europe. Amsterdam: Amsterdam University Press.

Witherell, D. 2004. Managing our nation’s fisheries: Past, present and future.
In Proceedings of a Conference on Fisheries Management in the United States,
13-15 November 2003, Washington, DC. Anchorage: North Pacific Fishery
Management Council.

Wyborn, C. and B. Bixler. 2013. Collaboration and nested environmental governance:
Scale dependency, scale framing, and cross-scale interactions in collaborative
conservation. Journal of Environmental Management 123: 58—67.



9

Designing Usable Environmental Research

Elizabeth C. McNie, Angela Bednarek, Ryan Meyer, and Adam Parris

CONTENTS
9.1 INtroduction ....c.ccueiiiiiiiiiciciiiciccce e 204
9.2 The Challenge of Producing Useful Information .............ccccccccceeueneee 204
9.3 Science Values and User Values...........cccccccceeuiiiiiiciccceccccenenes 207
9.3.1 Science Values...........cccciiuiiiiiiiiiiiieccceeeeceieeeeeenenenes 207
9.3.2  User ValUes ........ccccciiiiiiiiiiiiiiicccccceeeeceeee e 207
9.4 TYPOLOZY ...t 209
9.4.1 Knowledge Production ... 211
9.4.1.1 EXPertiSe.....ccccviviviiiniiiiiiiciiicieccieceen 211
9.4.1.2 Relevance.........cccciiiiiiiciiiieceeeeeeiee e 211
9.4.1.3 Disciplinary FOCUS ......cccccceveeiiiiiiiieiececcccenenes 211
9.4.1.4 Uncertainty .....cccccoeveviiiniiiiiiiiicc 212
9.4.1.5 Goals for Research ..........cccccceeiiiiiiiiiiiiiiccenes 212
9.4.2 Learning and Engagement...........c.cccccoeeuiiiiiiiicccccccenenns 212
9421 Learning .....ccccoevveiviiinieiniininieieiecececeee s 212
9.4.22 Knowledge Exchange..........cccocooiieiiiiiciciccenne. 213
9.4.2.3 Network Participation ..........cccccoeevceeeiiciccccennes 213
9.4.2.4 Social Capital ..o 213
9.4.3 Organizational and Institutional Processes...........cccccccccccueneees 214
9.4.3.1  Accessibility .....ccccoiiiiiiiiiiiiicc e 214
9.4.3.2 OUtPULS...ccviiiiiiiic 214
9.4.3.3 Evaluation and Effectiveness..........cccccccoeveeiiiiccnnns 215
9.43.4 Flexibility.....cccooiiiviiiiiiiiii e, 215
9.4.3.5 Human Capital......ccoooiiiiiiiiiiiiiiiiccccccenes 216
9.4.3.6 Boundary Management ...........c.cccccoeeueueucicecucccennns 216
9.5 Case SEUAIES. ...c.ceueuiiiiicicieicccc e 216
9.5.1 MPA Watch .....c.oooviiiiiiiic s 217
9.5.2 Operationalizing Fishery Ecosystem Plans...........ccccccccceeuenee. 221
9.6 CONCIUSION ...t 225
REFETEINCES. ...ttt 226

203



204 Effective Coastal and Ocean Management

9.1 Introduction

Society funds science to investigate natural phenomena and to inform
and solve many discrete problems, including those related to coupled
human-environmental systems, marine resources, and more (Lester
et al. 2010; America Competes Act 2007; OECD 2002; Bush 1945). This has
led scholars to suggest that society values research “not for what it is
[but] for what it’s for” (Stokes 1997, p. 98, italics in original). Society can
also use relevant scientific information to help inform policy decisions,
explore alternatives, manage uncertainties, clarify choices, and develop
solutions (Sarewitz and Pielke 2007; Bednarek et al. 2011). A broad body
of scholarship has indicated a need to more actively link those producing
knowledge to those who will use it (Clark and Dickson 2003). A systemic
shift to producing more useful science requires attention to the practice
of science, as well as to the approaches for funding and evaluating science
(Sarewitz and Pielke 2007). However, the science system—its institutions,
incentives, and cultural norms—is largely failing to address this chal-
lenge (McNie 2007).

In this chapter, we introduce a typology that can help guide thinking
about how science can be more useful in all phases of a research pro-
cess, from the design of a funding program, to the execution of a research
project, and to the evaluation of research outcomes. This perspective is
that of four environmental scientists. We discuss the challenge of produc-
ing useful information in Section 9.2 and the role of science values and
user values in shaping research approaches in Section 9.3. In Section 9.4,
we introduce a typology that can be used to help characterize research
approaches. In Section 9.5, we introduce two case studies to demonstrate
how the typology can be used. Concluding remarks are presented in
Section 9.6.

9.2 The Challenge of Producing Useful Information

Producing useful information is a challenging prospect. Useful scientific
information has three broad characteristics. First, it must be salient, or rel-
evant to the problem at hand. Second, it must be credible and produced in
a manner consistent with expected standards and practices. Third, it must
be legitimate, in that users believe the information produced is free from
political suasion or bias (Cash et al. 2002). However, the worlds of science
and policy are shaped by different values and characteristics, making it chal-
lenging to develop a universally accepted definition of valid knowledge. In
science, valid information and knowledge usually arises from the testing
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of hypotheses and through accepted experimental or research methods. In
society, validation may also come from other sources and lived experiences,
representing a broader array of experts. Even when credible scientific infor-
mation has been produced, it may still be difficult to integrate it into exist-
ing decision-making systems (Eden 2011; NRC 2006). Producing information
that is also salient and legitimate to problem solving and trusted by potential
users can be even more challenging. Even when done effectively, the timing
and content of the linkage may be out of alignment with what is needed by
decision makers (McNie 2007).

The dichotomy of basic and applied research presents another challenge
to producing useful information. Research is generally lumped into one
of these two large and ill-defined conceptual buckets (McNie et al. 2015).
Together, basic and applied research form a compelling and pervasive linear
model of innovation: the idea that knowledge flows in just one direction, from
curiosity-driven basic research to applied research focused on a practical prob-
lem, and then development (Stokes 1997, p. 84). This model has been shown
by many researchers to be an inaccurate conception of how science advances
and how science becomes useful. Contrary to what the linear model would
suggest, there is no need to divorce basic research from a consideration of
use. Likewise, applied research may often be initiated based on a scientist’s
conception of what society needs, rather than through a process of engaging
directly with users. Because they are weighted heavily toward science val-
ues, the linear model of innovation can cause scientists and science funders
to believe their research to be more relevant to users than may actually be the
case (Kropp and Wagner 2010).

Rather than rely solely on the linear model of knowledge transfer, we need
a framework and a research approach that actively connect scientists and
the intended users of the science (Dilling and Lemos 2011; Campbell et al.
2015). These users constitute a broad array of individuals and groups and
can be governmental employees, resource managers, elected officials, mem-
bers of civil society, other researchers, or anyone who has a vested interest
in addressing a given problem. Engagement with these users can start with
the research questions and research design itself. As Stokes explains, “the
character of scientific knowledge, the intended use of science, and the role of
users in the research process will often be directly pertinent to appropriate
research design” (Stokes 1997, p. 3). Thus, it follows that engaging with some
users even before grants have been awarded could help to clarify the larger
research questions in a process often described as coproduction (Lemos and
Morehouse 2005). Engaging with users throughout the research process may
also be necessary to ensure usefulness, making it important to create, main-
tain, and use adequate social capital to build relationships based on mutual
trust and respect (McNie 2013).

However, to date, science-policy decision makers—those responsible for
funding research and setting research objectives—have relied largely on the
science-heavy, basic versus applied distinction to set priorities. This means
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that in funding and designing basic research, decision makers and scientists
rarely ask pertinent questions about the relevance of the funded research,
the nature of the problem context at which it is aimed, or the practical ways
in which the proposed research will engage that context. Through this
approach, the production of scientific information is not actively designed
to meet the demands of decision makers, leading to missed opportunities to
link research with users (Sarewitz and Pielke 2007, NRC 2006) (see Figure 9.1).

Some have warned that involvement of nonscientists in science can
undermine research or, worse, harm the institution of science (Bush 1945),
yet research has not borne this out (Logar 2009). Science is a social pro-
cess, just like many others, and is influenced by societal norms and indi-
vidual values within its own community, as well as external ones (Jasanoff
2004; Latour 1987; van den Hove 2007). Ideas about what science should
be funded are of direct interest to society at large, especially when public
funds are being spent (Kitcher 2001). When political stakes related to the
problem are high, when the problem is politically charged, or when there is
significant power asymmetry between producers and users of knowledge,
it may be even more critical to include users early in the process, particu-
larly those who are politically marginalized and most affected by decisions
(McNie 2013).

DEMAND : Do users have specific information needs?

YES NO

SUPPLY: YES Supply and demand Missed opportunity:

Is scientific reconciled: Research priorities
information Users’ information needs | misaligned or users are
produced? reconciled with the unaware of possible
production of scientific utility of information
information. produced.
NO Missed opportunity: Supply and demand

Research priorities need | reconciled:Information

modification in order to | not produced nor needed
respond to users’ by users.

information needs.

FIGURE 9.1
Missed opportunity matrix. (Adapted from Sarewitz, D. and Pielke, R. A. Jr. 2007 Environmental
Science & Policy 10: 5-16.)
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9.3 Science Values and User Values

Despite cultural expectations of experimental objectivity, a variety of values
shape and guide decisions about research at many levels. We can think of
these values as falling along a spectrum, with science values at one end and
user values at the other end of the spectrum. Most research projects and
programs fall between the two extremes and have a mix of both science and
user values to varying degrees.

9.3.1 Science Values

Science values are those which prioritize generating new knowledge over
other activities (Meyer 2011; OECD 2002). Basic research, sometimes called
pure or fundamental, is generally seen as being driven by curiosity. The results
are unpredictable, and the findings are meant to be generalizable (Calvert
2006). The National Science Board (INSB) defines basic research as the “sys-
tematic study directed toward fuller knowledge or understanding of the
fundamental aspects of phenomena and of observable facts without specific
applications toward processes or products in mind” (NSB 2010, p. 9).

Applied research is also closely aligned with science values. Applied research
is the “systematic study to gain knowledge or understanding necessary to
determine the means by which a recognized and specific need may be met”
(NSB 2010, p. 9). It also involves “considering the available knowledge and its
extension in order to solve particular problems” (OECD 2002, p. 78). But scien-
tists are generally the ones assessing which problems to solve and how to solve
them. If users are considered, engagement with them is often one-way, from
applied researcher to user. Sometimes what researchers call applied research is
not that, at least according to the definitions described above. There are cases
where applied researchers engage more directly with users and the research
activities are aligned more closely with use-inspired research, that is, research
that is guided more by user values than by science values (see Chapter 16 of
this volume).

Both basic and applied approaches may result in the production of informa-
tion that is not useful for informing societally relevant problems (NRC 2011;
NSB 2010). The research outputs for both approaches are often detached from
users’ needs so that research can be unfettered by practical demands and be
driven primarily by curiosity (Bush 1945). While these approaches usually
lead to novel discoveries, they may fail to address the inherent uncertainties
in the “problem-solving work itself” (Funtowicz and Ravetz 1993, p. 740).

9.3.2 User Values

Science driven primarily by science values may still produce useful infor-
mation, but research shows that this is less likely, even with an applied
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approach, if the user is not more directly engaged (Meyer 2011). Approaches
to research that prioritize engagement with users are driven by user values.
Such research considers in its design a range of factors related to the utility
of information, such as the problem context, effective processes of engage-
ment and collaboration, and outcomes beyond patents and journal articles.
Though producing new knowledge is a goal in research driven by user val-
ues, this is not viewed as sufficient for success (Meyer 2011). Research that is
guided by user values supports coproduction in which researchers and users
collaborate to produce useful information (Lemos and Morehouse 2005).

Use-inspired research approaches are undertaken when there is a problem
that has been identified that can benefit from a tighter integration between
information production and use. At times this research may be quite basic
in nature, as in Stokes’s “use-inspired basic research,” in which research
is undertaken both by consideration of use and the quest for fundamen-
tal understanding of a phenomenon (Stokes 1997). Results of use-inspired
research may contribute to a fundamental understanding of nature or may
result in the production of context-sensitive information, or both. At other
times, the problem may be quite discrete, so salient and legitimate informa-
tion is needed to help develop solutions to the problem. In these cases, use-
inspired research requires direct involvement of users in order to help clarify
the scope of the problem, shape research agendas, and link knowledge with
action (Clark and Dickson 2003). User-based approaches may have implica-
tions for decisions about how resources—for example, financial and human
capital—are allocated to research, but the needs for supporting use-inspired
approaches are less well-known than for the other approaches (NSB 2010).

Shifting to a more user-focused research approach may require experts
beyond scientists (e.g., Guston 2001; Weber and Khademian 2008). Knowledge
brokers or boundary organizations can help connect the users and research-
ers who have relevant knowledge in order to reconcile the users’ needs with
existing information, create a strategy for an effective process, and medi-
ate that process (Meyer et al. 2015; Bednarek et al. 2015). For example, these
experts can identify a community of relevant users, identify which scien-
tists are working on a particular issue, and facilitate interactions among all
involved.

Use-inspired research can also involve capacity building, which is under-
taken when users’ information needs are satisfied, but they do not have the
individual, organizational, or institutional capacity to use or integrate the
information into their existing knowledge systems. Research (often social
science) and knowledge brokers or boundary organizations may be needed
to help further clarify the users” understanding of how the information can
be deployed and/or integrated into their knowledge systems. Educating and
training both researchers and users about how to communicate and inter-
act with each other, and how to integrate the research findings into existing
decision systems, may be necessary to ensure that knowledge integration is
accomplished.
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Of course, the need for basic, applied, or use-inspired research will vary
according to the kind of problem that society seeks to inform. In some cases,
the need for use-inspired information may be quite low, for example, when
our fundamental understanding of phenomena is limited. Basic research and
much of applied research may be sufficient. In such conditions, the knowl-
edge produced is likely to be scientifically credible, but the risk is greater
that it lacks salience to any particular problem or legitimacy if users are not
involved in informing the research design. As the demand for more useful
information increases, the need for information to be credible, salient, and
legitimate increases. Increasing these characteristics, however, comes at a
price, as numerous trade-offs have to be made when choosing credibility, for
example, over salience (Sarkki et al. 2014).

Whether it is basic, applied, or use-inspired research, we argue that coastal
and ocean scientists and science-policy decision makers—those people
who conduct research and allocate resources (fiscal, human, etc.) to support
research—need better tools to help them design, deliberate, and implement
research approaches. These tools should provide guidance and help inform
what approaches to research one should undertake, as well as evaluate ongo-
ing research efforts, to make sure that resources support the production of
useful information.

9.4 Typology

In this section, we introduce a multidimensional research typology (see
Figure 9.2) describing research activities and attributes that characterize
research along a value-based continuum from science values to user values
(adapted from McNie et al. 2015). An extensive literature review informed
the development of the typology. The research typology presented here
(Figure 9.2) can help clarify those qualities related to different research
approaches. It can also be used to inform the design and implementation
of research. The typology divides research into three general activities—
knowledge production, learning and engagement, and organizational and
institutional processes—each of which is subdivided into more specific attri-
butes. The left side of the spectrum represents research criteria focused on
achieving ends internal to science, or science values, while the right side rep-
resents research criteria focused on achieving ends external to the research
itself, or user values. As one moves from left to right on the spectrum, the
value of basic and applied research wanes, while the relative value of use-
inspired research increases on the right side of the spectrum.

The typology is not used as a ranking system: high scores are not better than
low scores, nor are user values inherently more valuable than science values.
The choice of research approach and scoring it on the spectrum is completely
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Activity Attribute Spectra of research criteria
Science values User values
Expertise Epistemic Experiential
Relevance General Contextual
Knowleflige Disciplinary focus Singular, narrow Transdisciplinary, diverse
production Uncertainty Reduce uncertainty Manage uncertainty
Goals for research Exploratory Outcome oriented
Learning Theoretical Social, practical
Learning and Knowledge exchange Narrow Iterative, influential
engagement
Network participation {5 E3NTIES TN Heterogeneous
Social capital Negligible Significant
Accessibility Constrained High
Outputs Narrow Diverse
Organizational Evaluation and Science-centric Public-value oriented
and institutional effectiveness
processes Flexibility Constrained Responsive
Human capital Narrow Broad
Boundary management BTTZ | Broad

FIGURE 9.2

Typology of research activities and attributes. (From McNie, E. et al. 2015. A typology for
assessing the role of users in scientific research: Discussion paper. Consortium of Science,
Policy and Outcomes, Arizona State University.)

context sensitive and varies by the research problem. Only under idealized
conditions do research projects or programs fall completely at one end of the
spectrum or the other and, in reality, most fall somewhere in between.

Use of the typology can help inform the efficient allocation of resources to
support the desired research outcomes. The typology can be used descrip-
tively to assess research approaches in existing projects and programs in order
to determine how well they support the desired knowledge production out-
comes. It can also be used prescriptively and can help inform the development
of research projects and programs based on desired knowledge production
outcomes. The typology does not, however, suggest some normative bias.
One approach to knowledge production is not inherently more valuable than
any other: basic research is not better than use-inspired research and vice
versa. Such valuation is completely context sensitive and is dependent on
the particular expectations of knowledge production and use. For example,
should the production of new knowledge be required, perhaps basic research
is best suited. Alternatively, if policy makers are calling for information to
inform solutions to societally-relevant problems, then use-inspired research
may be better suited than basic or applied.

The following activities and attributes are adapted from McNie et al. (2015),
while the questions posed for each attribute are taken directly from McNie
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et al. (2015). The typology is broken into three primary activities of research:
knowledge production, learning and engagement, and organizational and
institutional processes.

9.4.1 Knowledge Production

Knowledge production asks who is credible, what ways of creating knowl-
edge are credible, and what knowledge is credible (Epstein 1995). Knowledge
may be objective and consisting of facts, but may also be subjective and
include lived experiences. Producing knowledge that is entirely free from
social influence and bias may be difficult to do (Jasanoff 2004; Latour 1987).
The five attributes of knowledge production are discussed in the following
sections.

9.4.1.1 Expertise

Who has the credibility to produce knowledge? What constitutes expertise varies
between academic disciplines and between science and society.

Epistemic: Epistemic experts are typically researchers who have spe-
cific training and customs consistent with their research community
(Knorr Cetina 1999) and are considered experts in their field.

Experiential: Experiential experts have broader areas of expertise and
may include economic, lay, and indigenous expertise (Edelenbos
et al. 2011). Experiential experts may be needed to solve problems
that “academic” experts may not solve alone (Epstein 1995).

9.4.1.2 Relevance

What is the source of relevance to solving the specific problem? What constitutes
relevance varies significantly depending on the goals of research.

General: Research that is general aims to test hypotheses and build
theories and is most relevant at larger scales (NSB 2010; OECD 2002).

Contextual: Contextual research better addresses all relevant scales
(Cash et al. 2002).

9.4.1.3 Disciplinary Focus

How discipline-driven are the knowledge production activities?

Single/narrow: A single or narrow disciplinary focus is guided by a
reductionist worldview where problems are divided into smaller
parts that can be isolated and studied (Funtowicz and Ravetz
1993).
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Transdisciplinary/diverse: Transdisciplinary approaches integrate the
physical, social, and natural sciences and are oriented toward prob-
lem solving (Clark and Dickson 2003; Ziegler and Ott 2011).

9.4.1.4 Uncertainty

How do researchers understand and address the problem of uncertainty in knowledge
production? Researchers strive to reduce uncertainty but how, and to what
extent, varies by discipline and research project.

Reduce: Reducing uncertainty involves minimizing or eliminating
errors while increasing accuracy and precision.

Manage: Complex problems may be irreducible and instead may need
to be managed (van den Hove 2007). More information does not
necessarily reduce uncertainty and may even increase it (Sarewitz
2004).

9.4.1.5 Goals for Research

Is the knowledge produced to provide insights into science itself, or into questions
and problems outside science? Desired goals and expected outcomes vary by
research project.

Exploratory: Curiosity, and not specific goals, drives research agendas
(NSB 2010; OECD 2002).

Outcomes-oriented: People who will use the research outputs help to
shape the research.

9.4.2 Learning and Engagement

Learning requires information and is a process of transformation in which
knowledge, skills, and behavior, and so on, are modified, developed, or
changed. Social learning is contextual and iterative and requires systems
thinking, communication, and negotiation (Pahl-Wostle 2009). Social learn-
ing also requires strong communication and negotiation skills as well as
systems thinking skills (Keen and Mahatny 2006). As problems become less
structured and more complex, learning becomes more difficult (Argyris
1976). The four attributes of learning and engagement are discussed in the
following sections.

9.4.2.1 Learning

In what ways do the research outputs change the knowledge or decision-making
system? The goals of research projects affect the nature of learning that
occurs.
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Theoretical: Focuses on the transfer of explicit knowledge related to
theories and knowledge that can be easily transferred between peo-
ple through procedures, documents, and patents, etc. (Nonaka 1994).

Social, practical: Learning is also about developing policies and plans and
changing behavior. To do so, tacit knowledge, which is embedded in
relationships and is difficult to codify, is exchanged (Nonaka 1994).

9.4.2.2 Knowledge Exchange

To what extent, and how, is knowledge exchanged? Knowledge exchange is about
“generating, sharing, and/or using knowledge through various methods
appropriate to the context, purpose, and participants involved” (Fazey et al.
2013, p. 19).

Restricted, linear: The exchange of knowledge between researchers and
users is typically one way from researchers to users, using peer-
reviewed publications, reports, and patents. Users are often other
researchers.

Iterative, influential: Communication between researchers and users
needs to be bi-directional, occur early and iteratively, and be under-
standable to both researchers and users alike (Lemos and Morehouse
2005). Achieving social impact requires that productive engagement
be incentivized and supported (Spaapen and van Drooge 2011).
Knowledge brokers—those people who help to mediate and negotiate
between researchers and users—are often required when problems or
solutions involve highly complex problems (Clark and Dickson 2003).

9.4.2.3 Network Participation

Who participates in the knowledge network? Information and resources move
through structures of relationships between organizations, groups, and
individuals. Networks enhance the ability for individuals, groups, or orga-
nizations to achieve goals through collective actions that they may not have
been able to accomplish unilaterally (Weber and Khademian 2008).

Homogeneous: The network is limited, existing primarily in the research-
ers’ own research community.

Heterogeneous: Networks include researchers, users, and other stake-
holders, are distributed more broadly, and involve more complex
relationships.

9.4.2.4 Social Capital

How important is the development and deployment of social capital? Social capital
is about the relationships and “goodwill that others have toward us,” that
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flow from the “information, influence and solidarity such goodwill makes
available” (Adler and Kwon 2002, p. 18). Sharing knowledge, especially tacit
knowledge, requires social capital and trust.

Negligible: While social capital is necessary to forge successful research
collaborations, strict rules and accepted methods of research limit
the amount of social capital needed to produce credible research
outputs.

Significant: Sharing knowledge requires the production and deploy-
ment of social capital and trust (Levin and Cross 2004). People are
more likely to accept and absorb new information when it comes
from someone who is trusted.

9.4.3 Organizational and Institutional Processes

The organization of work, research, incentives, and both formal and
informal rules, all shape the process of work, knowledge production, and
interactions between groups (Trist 1981). Like all forms of work, research
processes and organizations are subject to the same factors (Geels 2004).
Significant research has been done to identify the best ways to organize
research to improve outcomes (Hellstrém and Jacob 2000). Organizational
and institutional processes describe the variables that influence the shap-
ing of organizations and research activities. The six attributes of orga-
nizational and institutional processes are discussed in the following
sections.

9.4.3.1 Accessibility

How accessible to users are the researchers and their organizations or institutions?
Access to organizations is shaped by the organizations’ proximity to others
as well as institutional characteristics (Boschma 2005).

Constrained: The geographic location of research organizations and
their placement within other organizations or institutes (depart-
ments, centers, institutes, and colleges) may limit accessibility to
nonresearchers.

High: Organizations are located closer to the populations they wish to
serve and are designed to support easy access to the researchers.

9.4.3.2 Outputs

How varied are the research outputs? Broadly speaking, outputs include reports,
workshops, patents, peer-reviewed publications, proposals, trainings, meet-
ings, and so on. Outcomes constitute a change in knowledge, resources
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conserved or depleted, policies adopted, and other valuable assets or condi-
tions that are gained or lost (Lasswell 1971).

Narrow: The variety of outputs produced is limited, for example, to
peer-reviewed publications, reports, workshops, and patents. New
knowledge is the primary outcome.

Diverse: The variety of outputs is expanded and may include training,
press releases, new methods, and processes, etc. Outcomes include
changes to knowledge, but also improved performance, implemen-
tation of new policies, relationships built, or networks expanded,
and so on. Outcomes may also include the development of social
capital and trust.

9.4.3.3 Evaluation and Effectiveness

What factors shape the evaluation of research? Evaluation methods can use
both quantitative and qualitative approaches. The evaluation processes can
inform research design and practice, as can the choice of metrics (Mahieu
et al. 2014; Molas-Gallart et al. 2014).

Science-centric: Quantitative methods are used most frequently to eval-
uate outputs, such as the citation index or impact factor for peer-
reviewed publications (Best and Holmes 2010). Typically, outcomes
are not evaluated, although that is beginning to change in some
research fields.

Public-value oriented: Quantitative methods are used; however, quali-
tative methods are used more widely and may include users and
other stakeholders in the evaluation process (Funtowicz and Ravetz
1993). Evaluation of outcomes should include analysis of products
and processes to best capture the widest array of outcomes (Fazey
et al. 2014).

9.4.3.4 Flexibility

How easy is it to alter research to better respond to users’ needs, and changes in those
needs? In order to respond to emerging threats or opportunities, organiza-
tions need to be nimble and flexible to reallocate resources depending on
changing conditions.
Constrained: Organizational rules, funding, and operational conditions
limit their flexibility and ability to reallocate resources.
Responsive: Organizational rules and operational conditions support
flexibility in order to better respond to users’ information needs and
to emerging or changing problems.
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9.4.3.5 Human Capital

What kinds of skills and training are needed to do the research? Human capital
describes the skills and training necessary to perform a given job.

Hard skills: Most researchers earned a PhD as their primary form of
training, including rigorous methods and research skills. Hard skills
involve scientific and technical activities and are largely rules based.

Soft skills: These are focused more on relationships and behavior and
facilitate communication, mediation, and negotiation activities.

9.4.3.6 Boundary Management

To what extent must efforts be made to actively manage the boundary between sci-
ence and society? The boundary between science and society needs to be man-
aged to satisfy the needs of users while simultaneously ensuring that science
remains credible and legitimate. Boundary work involves communicating
between science and society, translating information, and mediating and
negotiating across the boundary (Guston 2001).

Low: Managing the boundary is less important because the risk that
science becomes politicized or its credibility questioned is low.

High: As the involvement of users in shaping research increases, so too
does the risk of science becoming politicized, or the credibility of sci-
ence being questioned. Individuals or organizations who are skilled
at managing the boundary may be needed to ensure the relevance,
credibility, and legitimacy of science.

9.5 Case Studies

In this section, we present two case studies to illustrate how the typology
can be used to assess existing research agendas. Two of the authors applied
the typology to marine science projects in which they are directly involved,
through work at the California Ocean Science Trust and the Lenfest Ocean
Program. Application of the typology was informed by extensive experience
with these cases and by informal conversations with colleagues and other
stakeholders with knowledge of the projects. The results reflect current oper-
ational conditions and the opinions of the authors. Completing the typology
is a subjective process and may lead to disagreement among researchers,
or other participants, as to the “right” scoring for a particular attribute.
This is to be expected and welcomed, as decisions about how to score the
typology lead to important discussions and deliberations that enrich one’s
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understanding of the research project in question. Scoring can lead to greater
awareness about program priorities, that is, how to balance across attributes,
and what adjustments might be needed to meet the project or program goals
and expected outcomes. As stated earlier, higher scores are not normatively
better than lower scores and vice versa.

9.5.1 MPA Watch

MPA Watch is a network of citizen science programs in California, in which
trained volunteers collect data about human activities in and around state
marine protected areas (MPAs). Currently, nine programs operate within
the MPA Watch network, each run by one or more organizations, most of
which are environmental nongovernmental organizations (NGOs). The pri-
mary motivation of this effort is to generate useful data about patterns and
trends in human use of coastal natural resources, such as fishing, boating,
scuba diving, paddle sports, sunbathing, and wildlife watching. Individual
MPA Watch programs also pursue goals such as environmental educa-
tion and stewardship. Over the last few years, MPA Watch programs have
been working closely with a boundary organization—the California Ocean
Science Trust—to align methods across programs and develop stronger part-
nerships with potential users beyond the local level. Beyond its role with the
MPA Watch network, the Ocean Science Trust leads a public—private partner-
ship to advance innovative, cost-effective MPA monitoring that meets the
information needs of natural resource managers.

Ocean Science Trust’s work with MPA Watch has focused in part on identi-
fying managers’ needs that could be met, at least in part, by analyses of MPA
Watch data. Early conversations among MPA Watch programs, scientists, and
natural resource managers suggest a variety of potential applications of MPA
Watch data related to enforcement of laws and management of coastal natu-
ral resources. For example, one goal of the Marine Life Protection Act, which
underpins state MPAs, is to enhance recreational opportunities. Currently,
little knowledge exists about patterns of recreation along the California coast,
and MPA Watch data could help to fill this gap. MPA Watch data could also
help natural scientists who are monitoring ecosystems in and around MPAs,
to understand better the human impacts on those systems. This understand-
ing in turn could inform adaptive management of California’s MPA network.
In addition, data about patterns of violations such as poaching could help to
shape outreach, education, and enforcement efforts related to MPAs.

Application of the typology to this case study is based on experien-
tial knowledge based on 2 years working with the MPA Watch network, a
wealth of organizational knowledge developed from building California’s
MPA monitoring program, and focused conversations with the MPA Watch
Advisory Committee, which is composed of potential users in natural sci-
ence, social science, and ocean resource management. As can be seen in
Table 9.1 and Figure 9.3, this case study is highly focused on user needs,
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TABLE 9.1

Activities and Attributes for the MPA Watch

Attributes Score Explanation

Knowledge

Expertise 5 Expertise held by NGOs, citizen volunteers, boundary
organization collaborators, and diverse potential users. Also
natural and social scientist advisors.

Relevance 4 Research is aimed at place-specific knowledge that, using
theory, may be susceptible to extrapolation over time.
Extrapolation may be useful, but is not a prerequisite to
utility.

Disciplinary 2 Currently, the focus is on social science methods that can

focus work with data generated by the volunteers. There is a desire
to integrate with other social science data, and with natural
science data in order to expand management relevance, that
is, the aspiration is toward a higher score here.

Uncertainty 5 Uncertainty is acknowledged and accepted as a reality
because of many different scientific and programmatic
constraints. Actions have been taken to reduce uncertainty
through improvement in methods and analysis, but always
in balance with other priorities.

Goals for 5 The motivation for this program is to support a variety of

research goals related to coastal resource management.

Learning and Engagement

Learning

Knowledge
exchange

Network
participation

Social capital

5

Because this is a network of NGO-run citizen science
programs informing coastal decision makers at multiple
scales, iterative social learning is extremely important. But
technical learning is also occurring, related to methods,
experimental design, and analysis.

Even before involving users, MPA Watch programs must
explain technical concepts to volunteer participants. The
programs are also translating this technical work into ideas
about how MPA Watch creates value related to conservation
outcomes and other goals of the primary funder. Finally,
MPA Watch programs have begun iteratively engaging with
user groups: state managers and natural scientists.

The MPA Watch network extends throughout most of the
California coast, but consists largely of program staff and
volunteers. Creation of an advisory group is meant to
expand the network into social and natural science
communities and into state agency communities.

Social capital is absolutely needed in this case, because the
approach and resulting data are, in the eyes of many, as yet
unproven. Social capital will be built through effective
communication about program governance, quality
assurance/quality control (QA/QC) measures, and
relationship building with users. But likely also through
traditional means such as peer review of reports, journal
articles, or collaboration with established academic experts.
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TABLE 9.1 (CONTINUED)
Activities and Attributes for the MPA Watch

Attributes Score Explanation

Organizational and Institutional Processes

Accessibility 3 A new information management system and online data
visualization tools are significantly opening up this program
to users of any stripe. But the target audiences, for example,
state agencies, do not have a deep understanding of the
data, let alone the capacity to do serious analysis of them.

Outputs 3 From a scientific perspective, outputs and outcomes have
been limited and narrow thus far. However, MPA Watch
programs are also pursuing stewardship and environmental
education, among other goals.

Evaluation and 5 Evaluation has been quite informal, or at least, not very deep
effectiveness to this point. But the program is very much driven by values
such as ocean health, education, and community.

Flexibility 3 MPA Watch programs have been refining methods with user
needs in mind. But, going forward there is limited leeway
for changes due to resource constraints, the need to keep
volunteers happy and engaged, and unwillingness to alter
protocols for long-term monitoring. Changes also take a
very long time, given the distributed nature of program
governance.

Human capital 4 Almost anyone who meets a few basic physical requirements
can volunteer for MPA Watch. Furthermore, program staff
need a range of skills related to volunteer management,
program management, fundraising, and data management.
Social science expertise is one area where there is a need for
more capacity.

Boundary 5 The need for boundary management is high for two reasons:

management (1) controversy often surrounds the issues (such as MPA
violations) that volunteers are observing, and (2)
understanding among potential users of the methods
underlying, and potential applications of, the data is
limited.

Source: Adapted from McNie, E. et al. 2015. A typology for assessing the role of users in scien-
tific research: Discussion paper. Consortium of Science, Policy and Outcomes, Arizona
State University.

as expressed by state partners involved in the day-to-day work of MPA
monitoring and management. As the lower numbers on network participa-
tion, social capital, accessibility, and outputs indicate, more work is needed
to fully realize the goal of meeting user needs. For example, the nine MPA
Watch programs themselves have developed a strong network. But while
avenues for participation exist, for example, by California State Parks and
the California Department of Fish and Wildlife, these interactions are still
in their infancy. Similarly, more technical work is needed to improve the
credibility of, and demand for, MPA Watch outputs. As a first step, an expert



220 Effective Coastal and Ocean Management
Spectra of research criteria
Activity Attribute Science values User values
2 3 4 5
Expertise Epistemic Experiel@
Relevance General Contextual
Kn(zjwledge Disciplinary focus Singular, narrow \\\\ ] Transdisciplinary, diverse
roduction
P Uncertainty Reduce uncertainty Manage uncertai
Goals for research Exploratory Outcome orie|
Learning Theoretical Social, prac@
Learning and Knowledge exchange Restricted, linear @rative, influential
engagement
Network participation s (uTEE EIIE ® Heterogeneous
Social capital Negligible ® Significant
Accessibility Constrained ® High
Narrow ® Diverse
Organizational Evaluation and Science-centric Public-value orier@
and institutional effectiveness
processes Constrained @ Responsive
Human capital Narrow ® Broad
Boundary management [ BTHVIE| Br@

FIGURE 9.3

Attributes along spectra of the MPA Watch program. Each attribute is scored on the value
spectrum from one, strongly science values to five, strongly user values. (Adapted from
McNie, E. 2015. A typology for assessing the role of users in scientific research: Discussion
paper. Consortium of Science, Policy and Outcomes, Arizona State University.)

analyst has been contracted to develop recommendations on basic analytical
approaches that the program can use to identify patterns and trends in the
data. The MPA Watch programs guide this work, as well as the MPA Watch
Advisory Committee, mentioned previously.

The fact that MPA Watch is a place-based, citizen science program, built
with users in mind, explains the very high scores in many of the attributes.
Participation is broad (volunteers range widely in age and background), with
low barriers to entry; there is neither cost nor prerequisite to participation,
and both training requirements and volunteer commitment expectations are
fairly modest. Many kinds of knowledge are important, human capital is
diverse, and boundary management is of particular concern. Expertise and
evaluation both score fives, representing strong user values, yet a greater
emphasis on science values, including the addition of peer-reviewed prod-
ucts and greater involvement of social science experts, are seen as factors
that can help to build credibility in the eyes of state partners.

The research undertaken in this case represents predominantly use-inspired
research. The need to align research approaches with user values is moder-
ately high to high, because mandates and policy goals call for decision-making
based in part on, and understanding of, evolving human use of coastal natural
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resources. However, research and monitoring capacity in this topic is relatively
low, compared with capacity in natural science related to ocean resources.
Brokering activities can be seen by MPA Watch’s work with citizen scientists
across communities and geographic areas, gathering and linking knowledge
together to clarify problems and inform solutions. Data related to the phenom-
ena exist, yet researchers themselves do not possess or cannot produce this
knowledge themselves, hence the need to access a broader knowledge network
to acquire such knowledge. Some capacity-building activities are also being
undertaken in terms of MPA Watch’s work with stakeholders, for example, sci-
entists and state agencies, to improve the utilization of research and build from
contextualized data toward more generalized knowledge about the system.

9.5.2 Operationalizing Fishery Ecosystem Plans

Fisheries management in the United States is organized around fishery
management plans (FMPs), traditionally focused on a single species or an
associated group of species. Ecosystem-based fisheries management builds
on single-species management by accounting for the relationships among
ecosystem components—marine organisms, humans, and the environment.
To begin implementing this approach, some U.S. regional fishery councils
have adopted or are drafting fishery ecosystem plans (FEPs) as frameworks
for FMPs.

The Lenfest Ocean Program, a grant-making program focused on supporting
policy-relevant research about marine ecosystems and connecting it to users,
conducted an extensive scoping exercise regarding FEPs (interviewing over
80 stakeholders)* Program staff found that these plans differ substantially,
and that there is no standard for what they should contain. To address these
issues, the Lenfest Ocean Program decided to support a task force comprising
natural and social scientists to create a practical blueprint that managers can
use to make ecosystem-based fisheries management operational. The task
force intends its main output to be an outline of the components of effective
FEPs and recommendations about how to implement them. To help ensure
that its recommendations are realistic and compatible with existing data and
management structures, the task force is working collaboratively with an advi-
sory panel made up of fisheries managers, stock assessment scientists, and
fishermen. To encourage regional specificity, the task force is holding meetings
in four different fishery management jurisdictions within the United States
and has invited regional stakeholders to those meetings.

We applied the typology for this case study (see Table 9.2 and Figure 9.4)
using focused conversations about the design and intended outcomes of the

* The Lenfest Ocean Program has funds from the Lenfest Foundation and is managed by The
Pew Charitable Trusts. The Program supports research on policy-relevant topics concern-
ing the world’s oceans and fisheries and engages with managers to connect its supported
research results to decision-making about ocean ecosystems.
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TABLE 9.2

Activities and Attributes of Operationalizing Fisheries Ecosystem Plans
Attributes Score Explanation

Knowledge

Expertise 3 The task force includes scientists with resource management

experience, and the advisory body includes fisheries managers
and fishermen. In addition, the task force invites other
stakeholders to its meetings to provide additional perspectives.

Relevance 5 The task force is aimed at ensuring that its findings reflect
specific management contexts, ecosystem dynamics, and
socioeconomic circumstances.

Disciplinary 4 Both natural and social scientist members of the task force can
focus assess essential ecosystem and socioeconomic components of
an effective fishery ecosystem plan.
Uncertainty 4 The task force plans to incorporate considerations of uncertainty
in ecosystem-based management within its recommendations.
Goals for 5 The task force aim is explicitly outcome-oriented: to provide
research feasible options for implementing ecosystem-based fisheries
management.

Learning and Engagement

Learning 4 The task force is developing tools and guidance to make it easier
for fisheries managers to implement ecosystem-based
management so the focus is on practical learning.

Knowledge 5 This project is designed to include user feedback early in, and

exchange throughout, its life cycle. The task force engages regularly with

an advisory body made up of fisheries managers and includes
various user groups in each meeting. Lenfest Ocean Program
staff will be involved throughout the project to support other
engagement opportunities.

Network 3 The target audience is at the regional level, rather than at the

participation state or local community levels, and stakeholders are

represented by a constituency, for example, fishermen, rather
than by individual stakeholders.

Social capital 3 This project requires significant social capital because of the
challenges inherent in shifting to a more holistic vision of
resource management. The project was designed to build a
certain level of trust by engaging with a variety of users from
the beginning of the project. Development of social capital has
yet to be fully realized.

Organizational and Institutional Processes

Accessibility 3 The task force is accessible to some users during regional
meetings and outreach activities. So far, no comment sessions
have been held or calls for public engagement made, so not all
stakeholders may find the task force accessible.

Outputs 4 The project is still in its early stages, so few products exist.
However, the task force plans to release products throughout
the life cycle of the project, rather than just at the end, to
facilitate additional feedback and engagement opportunities.
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TABLE 9.2 (CONTINUED)

Activities and Attributes of Operationalizing Fisheries Ecosystem Plans

Attributes Score Explanation

Evaluation 4 Plans exist to evaluate project outcomes based on the uptake of
and the information in fisheries management plans.
effectiveness

Flexibility 4 As the project progresses, the task force intends to be responsive

to changing circumstances, such as incorporating lessons
learned from ecosystem-based planning that occurs while the
task force is in process.

Human capital 3 The task force itself consists of experts with doctoral degrees.
The advisory body includes a wider variety of skill sets,
including fishermen.

Boundary 5 The Lenfest Ocean Program operates as a boundary organization

management for the task force. Program staff conducted the scoping exercise
to assess what fisheries managers might need to operationalize
ecosystem-based management and developed the framework
of a scientific task force coupled with a resource managers’
advisory panel. Program staff also help to find ways to engage
with additional users and translate key findings for specific
stakeholder groups.

Source: Adapted from McNie, E. 2015. A typology for assessing the role of users in scientific
research: Discussion paper. Consortium of Science, Policy and Outcomes, Arizona
State University.

project with Lenfest Ocean Program staff and other experts involved in the
project. The project is still in its early stages (circa September 2015) so some
of the project’s scores in the typology may change over time. Because the
overarching goal of the project is for managers to be able to implement eco-
system-based management using existing data and in a way that is useful
for their specific management contexts, ecosystem dynamics, and socioeco-
nomic circumstances, the project receives high scores for several attributes
in the typology, including relevance, knowledge exchange, and boundary
management. Knowledge exchange is particularly important given the large
volume of data that need to be shared and synthesized. Some attributes are
expected to become more user-value oriented as the project matures, for
example, social capital and network participation.

The approach undertaken here represents predominantly use-inspired
research. Brokering activities can be seen by the task force’s work in syn-
thesizing large volumes of existing data in order to develop a set of guide-
lines. Researchers possess a fundamental understanding of the phenomena
and are capable of working with that information to produce the relevant
knowledge. Capacity-building activities are also used to ensure that the
information produced by the task force is relevant to problem solving and is
capable of being used for the development of future fishery plans. The need
for useful information is moderately high to high in the program, justifying
research approaches that align with user values.
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Attributes along spectra of operationalizing fishery ecosystem plans. (Adapted from
McNie, E. et al., A typology for assessing the role of users in scientific research: Discussion
paper. Consortium of Science, Policy and Outcomes, Arizona State University, 2015.)

Each of the two cases presented here is unique and involves very different
approaches to research and investigation of phenomena. Together they show
that two cases that are predominantly use-inspired research can look very
different along the value spectrum. This outcome is to be expected based on
the context-sensitive characteristics of each case. Each case can be character-
ized by its own set of attributes along the value spectrum, which provides an
informative snapshot of the current state of each project (see Figures 9.3 and
9.4). Using the typology can help decision makers decide where they may
need to alter research trajectories and reallocate resources. For example, in
the MPA Watch program, the California Ocean Science Trust has identified
the need to continue to expand its network participation. With the opera-
tionalization of fisheries management plans, more work may be needed
over time to improve the stakeholders” access to the research. As stated
earlier, high scores are not normatively better than lower scores, yet higher
scores may represent a better fit given the need, in both cases, to produce
highly relevant information aimed at satisfying users” information needs.
Nevertheless, some low scores are also expected given, for example, the need
for more peer-reviewed publications in the first case and the broad array of
expertise in the second case. Both cases scored boundary management as
five, given that they navigate complex political and social systems with a
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broad array of stakeholders and given the need to produce information that
is seen as salient, credible, and legitimate.

9.6 Conclusion

Linking science with decision-making is difficult for many reasons. One
hypothesis is that science’s dominant research approaches—basic and
applied—have traditionally isolated knowledge production from users.
These approaches work well if the goal of research is to produce new
knowledge, but are problematic if the goal of research is to inform decision-
making. Even in the case of applied research, in which scientists may define
a problem according to what they think users might need, research is largely
undertaken without directly engaging users. Research oriented toward user
values may be better suited to reconciling the supply of scientific informa-
tion with users” demands.

We used two case studies to demonstrate the use of a typology that can
help identify patterns in the attributes of projects aimed at producing use-
ful information. Both cases were explicitly aimed at producing useful infor-
mation, so, not surprisingly, attributes for each project or program tended
toward the user-value end of the spectrum. However, despite their shared
intentions to produce usable science, the cases showed that multiple kinds of
use-inspired approaches may be required depending on the specific charac-
teristics of the problem(s). The cases also show that the typology can point
out how and where projects might need to be adjusted to better align with
project goals and expectations. In some cases, this may require moving to the
left on the spectrum, at other times to the right. Understanding how research
is aligned, or should be aligned, with a particular approach can help science-
policy decision makers identify the necessary resources to allocate to opti-
mize the research based on project and programmatic goals.

The effective use of the typology depends on two factors. First, adequate
time and resources need to be deployed to clarify the problem at the heart
of the research question, project, or program. This may require a robust
examination of current trends and conditioning factors that characterize
the problem and an estimation of the expected outputs and outcomes that
may result from the research project. Users who are vested in the outcome
of the research should be consulted during the problem-clarification pro-
cess, even in the preliminary stages of developing the call for proposals
to undertake the research. Careful attention needs to be paid to identify
all relevant knowledge and ensure that it is incorporated into the research
design.

Second, adequate resources need to be deployed not only to facilitate
knowledge exchange and learning, but also to aid in the implementation of
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each approach. Personnel in the research team or organization must have
the appropriate depth and breadth of training to conduct research under
each approach, especially when engaging users is a necessary function of
research. Researchers need greater flexibility to spend funds and allocate
resources after a grant or project begins. This flexibility enables them to
be more nimble, adapt to evolving research questions, and better manage
knowledge exchange between science and society. User-oriented projects
may take longer to complete than expected, especially if needs change rap-
idly. Appropriate incentives must be implemented to promote and reward
the appropriate level of engagement with users. Finally, those undertaking
these kinds of projects must have the skill sets that allow them to facilitate
engagement with users, develop networks of users, and recognize changes
in the policy or decision landscape over time.

Ultimately, the value of a typology that can characterize use-inspired
research depends on the willingness on the part of program and project
managers to think beyond the dominant basic and applied research
dichotomy. They may need to recognize that research is more like an eco-
system, with different needs and processes relevant to different stages of
knowledge creation and dissemination. The typology is not intended to
facilitate the eradication of basic and applied research—these approaches
are essential to knowledge generation—but rather, to help to identify those
conditions in which other approaches may result in a greater likelihood
that useful information will be produced and used. The scale and com-
plexity of environmental problems that we face today, especially related to
the coasts and oceans, need science to serve them to the best of its ability.
This means that we, as program and project managers and researchers,
need to consider more novel ways to investigate phenomena underlying
the problems.
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10.1 Introduction

This chapter starts from the premise that much public policy-making in
complex areas such as environmental and conservation policy depends on
both scientific* evidence, which is almost always incomplete, and public val-
ues, which are almost always in dispute. This means that scientific input into
the policy process will almost always be contested territory. It is unlike other
forms of scientific information, such as an academic paper shared among
peers or the provision of health information to the public. This is not because
such scientific input is qualitatively different from any other insight derived
from peer-reviewed scientific methods, but because of its position within the
policy-making processes of modern democracies, which by their nature are
a normative exercise in balancing public values.

For this reason, those charged with bringing science into the policy arena
are themselves thrown into a challenging position. Today’s scientists are
increasingly called upon to take on a public-facing role by producing and
conveying knowledge that is relevant to society’s most pressing social, envi-
ronmental, and economic concerns. Yet this impact imperative can also be a
difficult balancing act for scientists. In highly disputed and values-charged
environments, knowledge and knowledge production will always be sub-
ject to scrutiny, with interest groups across the political spectrum looking
for footholds in policy debates. What appears to be objective advice to some
will inevitably seem like advocacy to others. Scientists must tread very care-
tully along this divide, especially when it is often a personal passion or
interest in a topic area that draws them to professionally study it in the first
instance.

At the same time, it would be naive to assume that scientific evidence that
informs a public policy problem should be the singular basis on which a
solution is formulated. Policy decisions are necessarily a balance of fiscal
considerations, the electoral contract, competing priorities, and evidential
input. Science provides for one among many types of input into public policy
decisions, but its internationally accepted protocols and alertness to mitigat-
ing bias and influence can offer it a privileged place in the framing of public
policy.

To parse these issues, this chapter proceeds in four parts. We first
describe some of the unique challenges for science posed by the public

e

* In this chapter, references to “science,” “scientific,” and “scientist” are intended to be inclu-
sive and encompass science from across the spectrum of disciplines, including social sci-
ences and engineering, as relevant. Similarly, we do not attempt to distinguish use-inspired
or “applied” research from curiosity-driven or “basic” research because each of these will
have their own pathway to the policy context, which is beyond the scope of this discussion.
Rather, what is relevant to the present discussion is that, regardless of type or discipline, the
key feature is scientific rigor according to international standards such as formalized skepti-
cism, replicability, and peer review.
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policy context. Against this background, we then discuss how these chal-
lenges play out in new and changing expectations of scientists. This leads
into a discussion of the principles, structures, and tools that can help
balance the inherent tensions for scientists taking up an explicitly pub-
lic-facing role, regardless of whether they are situated within the acad-
emy, public service, or another type of research organization. Finally, we
draw on the example of the development of the Research and Scientific
Information Standard for the management of New Zealand fisheries to
illustrate the importance of robust tools and processes that can balance
scientific requirements, inclusive policy imperatives, and the realpolitik of
public decision-making, particularly in areas of high public concern and
contention.

10.2 Three Main Challenges for Policy-
Relevant Knowledge Production

10.2.1 The Unlikelihood of Simple Technical Responses
to Policy Questions (Post-Normal Science)

From the perspective of anyone outside of the policy-making machinery,
the process seems straightforward enough. Indeed, the very existence of the
term “policy cycle” gives the distinct impression of a tight and textbook pro-
cess, albeit one that is iterative. The reality of policy formation is far messier:
those charged with working up the options must contend with multiple
inputs and influences including public opinion, fiscal commitments, legisla-
tive obligations, reigning government ideology, and, hopefully, scientific and
technical knowledge of the issue.

Yet the greatest challenge, perhaps, is the fact that the policy questions
for which scientific input is most often sought are not the straightforward
technical matters, but instead issues that have all the hallmarks of what has
been called “post-normal science” (Funtowicz and Ravetz 1993). These are
the questions that defy Thomas Kuhn’s “normal” approach to structuring
science (Kuhn 1962). They are the urgent issues of high public and politi-
cal concern, where the people involved hold strong positions based on their
values, and where the science is complex, incomplete, and uncertain. Diverse
meanings and understandings of risks and trade-offs inevitably dominate,
making the politics itself equally complex. Examples might include protect-
ing ecosystem biodiversity and controlling invasive species; legalization
of recreational psychotropic drugs; addressing the multifactor anteced-
ents of obesity, mental health, and suicide; attending to the social impacts
of an aging population; investment in early-childhood education; sustain-
able city planning; fisheries management; and balancing economic growth
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and environmental sustainability, particularly where the application of new
technologies is under consideration.

Viewed within the landscape of “post-normality,” it is easy to see how
the policy context can amplify the public effect and impression of scien-
tific uncertainty. Thresholds of evidence that may be subject to long held
scientific consensus suddenly can be thrown into question when interro-
gated from a public policy or media perspective. Similarly, levels of uncer-
tainty common to the science community can be exploited for political gain
(Oreskes and Conway 2010; Michaels 2008). Even the most robust available
evidence—whether it is shedding light on a problem or pointing to a poten-
tial technological solution—may be mercilessly challenged in the court
of public opinion, a court that matters to decision makers in a democracy.
This tension is normal practice in government and it is the reason why the
production and application of scientific information for public policy often
requires bespoke skills, tools, and approaches, and the presence of bound-
ary structures to interpret and navigate across the two cultures of science
and policy-making. In an increasing number of democratic jurisdictions,
such boundary structures are emerging through the establishment of offices
or panels of science advisors to governments. In addition, such boundary
approaches are also drawing increasingly from the social sciences to help
serve their translational roles.

10.2.2 The Complex Societal Context for Public Policy Questions
That Are Most in Need of Scientific Input (Post-Trust Society)

Together with the challenge of providing post-normal knowledge produc-
tion for the policy environment is a related challenge of what has been called
our “post-trust society” (Lofstedt 2005). Access to 24-hour global news, the
proliferation of science and pseudoscience information across the Internet,
and changes to most Western political landscapes that increasingly encour-
age corporate interactions with academia for greater economic development
have had a combined effect on public perceptions of science and how it is
produced. In addition, public crises such as bovine spongiform encephalopa-
thy (BSE)* and, more recently, the British Petroleum Deepwater Horizon leak
in the Gulf of Mexico, or the unanticipated consequences of the LAquila and
Fukushima earthquakes, have contributed to an erosion of public confidence
in science (Alexander 2014; Yeo 2014). As scientists take on more public roles,
it is sometimes unclear to the observer whether they are simply conveying
what is known (and not known) about an issue or whether they are acting
as an advocate of a specific course of action and, in the latter case, whether
such advocacy is legitimately supported by the evidence, or whether it is

* An epizootic illness traced to the feeding of beef cattle with meat and bone meal. The crisis
sparked mass culling of herds in the United Kingdom and a widespread ban on British beef
exports from the mid-1990s to mid-2000s.
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conjecture that reaches beyond available information. Sorting claims from
counterclaims can be increasingly difficult for lay observers, particularly as
they will also bring their own frames of reference to the information.

Yet at the same time, there has never been a more urgent public call and
need for an active role for scientific expertise in the work of governing,
lawmaking, and achieving public consensus. The challenges every society
faces make science an essential tool of democracy, but as such it is now a
critical public and political resource across the ideological spectrum. And
this is what makes scientific knowledge production and translation pro-
cesses so vulnerable to criticism, and risks undermining public trust in the
scientific enterprise in a highly charged public policy context (Gluckman
2015).

Thus, we rely on the hallmark processes that define science to protect
scientific integrity and foster trust. The use of recognized scientific meth-
ods, peer review, and the publication of methodology and results are the
pillars of science and the basis on which peer and public trust is built.
These pillars are founded on the important principle of scientific skepti-
cism that demands and enables the testing and retesting of hypotheses.
Importantly, the processes of science have been developed to minimize
influence and bias in the collection and analysis of data. In this way, sci-
ence provides the only processes by which we can gather relatively reliable
information about our world (Marks 2009). Protecting and promulgating
the integrity of these processes is the key feature that legitimates scientific
expertise over other forms of knowledge (e.g., doctrinal, traditional, anec-
dotal, etc.).

Yet, in the context of policies built on post-normal science and for a post-
trust public, “expertise” itself is rarely immune to critical questioning.
Sociologist Jiirgen Habermas was the first to problematize the concept of
expertise a generation ago, critiquing it as elitist and even counterproductive
to democracy (Habermas 1970). While opening up a new area of critical the-
ory, his work also served as an important forerunner to influential empirical
studies that followed, which began to view the legitimacy of expert advice as
a combination of authority, built on access to specialized knowledge, and—
importantly—trust (Callon et al. 2009). It is noteworthy that the legitimating
features of expertise are necessarily a matter of both technical and social
considerations.

The wide-ranging body of social and behavioral science literature on the
concept of trust, while a testament to its importance, is beyond the scope of
the present discussion. But it is self-evident that trust is a quality that must
be actively earned and maintained, and it is not easily regained once it is
lost. For all scientists, but especially those working in boundary roles at the
science—policy interface, trust in their expertise is paramount. Section 10.4 of
this chapter describes the tools, mechanisms, and strategies that can be built
into boundary-spanning roles and processes with a view to building and
maintaining trust.



236 Effective Coastal and Ocean Management

10.2.3 Differing Culture and Practices of Science and Public Policy

Whereas short timeframes, simplicity of message, and an inherently norma-
tive decision-making framework characterize the policy-making context,
science is by nature a long-term and iterative undertaking that strives to be
objective. Moreover, scientific uncertainty can be anathema to the policy (or
political) imperative for decisiveness. While many scientists would rather
avoid reaching a conclusion until “more research is done,” policy makers
often do not have the luxury of time. On the surface, the cultures and prac-
tices of these separate worlds seem almost irreconcilable such that both the
scientist and the policy maker will be frustrated by any attempt to cast an
appropriately scientific lens onto public policy issues.

Key to bridging this divide is to clearly delineate the role that science can
play in the policy context and to acknowledge the limits of that role. These
limits are not necessarily due to scientific uncertainty, but also arise in the
face of legitimate values-based considerations for policy. Scientific input
must be clearly distinguished from other policy considerations, but should
not supplant them. Indeed, recognizing and distinguishing the legitimate
place of public values in policy-making can help to protect science from
being strategically co-opted as a proxy for normative debates.

For instance, calling into question the rigor of climate science or casting
doubt on compelling evidence of the benefits of harm reduction approaches
to addictions are by now recognized tactics to subvert a normative debate
by disguising it as a supposed scientific one, even (and perhaps especially)
where the science is largely settled. The deliberately confusing public mes-
saging undermines trust in scientific input, and renders impossible any
meaningful public debate on the normative values-based aspects of a policy
issue. Only when these aspects are clearly identified and not obfuscated is
science best able to inform the public and decision makers on the associated
trade-offs.

It is not only the values-rich contexts of policy debates that can prompt
the questioning of the legitimacy of science. The sheer operational realities
of policy-making can conflict with the very processes that are designed to
protect the integrity of scientific knowledge production. Ideal methodologies
may be deemed too expensive, full peer review may be too time-consuming,
and the required testing to eliminate uncertainties may be untenable from a
policy perspective.

Both the degree of operational compromise and the essential role that val-
ues play in policy-making can be a source of discomfort for many scientists
who may prefer to adhere to an idealized Mertonian view of knowledge
production (Merton 1942). But this is an impossible and indeed unaccept-
able framing for modern science. If science is to be of practical value in
meaningfully informing public policy decisions, it must acknowledge and
embrace its own coproduction with other societal processes (Jasanoff 2004;
van Kerkhoff and Lebel 2015). However, this requires a clearer and more
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mature understanding of the (real and potential) mutual influences between
societal and scientific processes. Making such influences visible allows them
to be carefully managed, which ultimately protects the integrity of science,
while also making it more inclusive.

Moreover, scientific knowledge production itself cannot be assumed to be
value-free (Douglas 2009); it is important for scientists to identify and man-
age the appropriate ways in which value judgments enter the scientific pro-
cess, from framing questions and choosing methodologies, to making an
inferential leap as to the sufficiency of evidence for a given course of action.
Recognizing that these are normative decisions common across all profes-
sional scientific practice allows them to be defended using collective stan-
dards of scientific consensus. This in turn renders them less vulnerable to
becoming targets of criticism by advocates seeking to undermine evidence
for the policy context.

Beyond knowledge production, human values will and must enter into the
question of the application of knowledge. Indeed, the issue of social license for
scientific and technological innovation is expanding rapidly. This is under-
standable because science is a public tool and a common good, but the appli-
cation of new knowledge is rarely without some risk. Arguably, the scientific
community has been insufficiently attentive to the necessary societal con-
versation in technology-driven, yet values-based, public debates. Inherent
in such discussions is the need to maintain integrity and public confidence
in the scientific endeavor because the way in which the public discourse
unfolds has the potential to cast a long shadow by influencing public percep-
tions of science in general and for the long term. Arguably, democracy is hurt
when science becomes a proxy for debates that should legitimately occur
under a different label.

10.3 Changing Culture of Science Systems and
New Public Roles of Scientists

It is clear that the application of scientific information to policy development
in an era characterized by post-normal science and a post-trust society is
both essential and vulnerable. These pressures and tensions are particularly
apparent for those working at the interface of science and public policy, who
must simultaneously maintain the trust of the science community, policy
makers, politicians, the media, and the public in order to perform their
increasingly essential translational role. In this section, we widen the ana-
lytical frame to consider how the very existence of an “interface” between
science and public policy is part of a larger and more explicit commitment
to ensuring that science has “impact.” Ironically, however, fulfilling this
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commitment can also challenge some of the long held tenets of scientific
practice.

What Michael Gibbons famously called “science’s social contract with
society” is now undergoing a major upheaval with a move to a much more
relational and iterative “social compact” between multiple stakehold-
ers within and outside the science system (Gibbons 1999). This compact
increasingly prioritizes societally-relevant research (de Jong et al. 2015).
Although many consider such relevance primarily through the lens of eco-
nomic development and technology commercialization, it is critical also to
the mobilization of new knowledge to inform public policy and address
health, societal, and environmental challenges (HEFCE n.d.; Harland and
O’Connor 2014).

Though broad in scope, this increasing focus on the relevance and poten-
tial impact of science carries the risk of adversely affecting what are cur-
rently considered the fundamental pillars of the scientific endeavor. For
instance, whereas scientists and the peer review processes that assess their
work have traditionally focused on scientific excellence and not the normative
questions of relevance, there is now an increasing expectation within public
science systems to move beyond excellence alone and give explicit priority to
research that meets end-user needs.

There is an ironic tension here that must be confronted: The increased
focus on the relevance and impact of research also increases the risk of real
or perceived external influence on the pillars of the research process, which
can undermine public trust in science. And trust in the science is precisely
what facilitates its application to public policy and thus its relevance. Indeed,
this inherent tension is echoed more broadly in the fact that a closer rela-
tionship between science and society is welcome and necessary, but the
mechanisms to achieve this can threaten the very feature that makes science
most useful to informed societal debate; namely, its objectivity. Scientists are
thus left to balance these competing imperatives and carefully manage the
consequences.

To better understand the complexity of this situation for science and for
scientists, a brief look at history may be instructive. The professional sciences
and public science systems as we know them today are relatively recent phe-
nomena and products of global events and societal preconditions. The earli-
est Western scientists of the seventeenth and early eighteenth centuries were
rare and fortunate hobbyists who could survey, experiment, and invent at
their leisure. Universities existed, but far from the model of research and
scholarship we know today; rather, these institutions were primarily conser-
vative bastions of tradition, faith, and received wisdom, most often intended
to perpetuate a scholarly religious lineage. It was not until the late eigh-
teenth and early nineteenth centuries that the concept of professional sci-
entist emerged. This was a period of considerable global activity in refining
many of the norms and operational standards of science as a self-regulating
professional activity. And it is on the basis of these enduring norms and
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standards—for example, hypothesis testing, replicability, publication of
results, and assessment by peer experts—that society could begin building
its trust in science.

In 1918, the Haldane report in the United Kingdom ushered in the era of
public science that is more recognizable to today’s professional science prac-
titioner (Haldane 1918). Haldane’s principles were central to establishing the
way in which science has evolved free of political interference, but they also
had the effect of reinforcing a separation between science and society by
establishing a science-centric view of how to manage the public research
system. The hallmarks of scientific autonomy and self-governance were also
championed by the influential U.S. science policy advisor Vannevar Bush
(1945) and academics such as Robert Merton (1942) and Michael Polanyi (1962).
By mid-century, their concept of an autonomous culture of science standing
apart from the rest of society, while also instructing it, was the dominant
perspective, and some may consider this still to be the case (Gluckman 2015).

Yet, the public science system has long been a highly contested space,
where the need for objectivity through autonomy wrestles with more utili-
tarian imperatives, which were perhaps first invoked by Bernal (1939) and
which are commonplace today. Indeed, the contemporary turn toward a
more responsive mission-driven science system has its roots in the relation-
ship between science and society that was starting to emerge as a result of
geo-political needs through hot and cold wars and, later, as a response to
the opportunities and challenges of globalization (e.g.,, pandemics, climate
change, and the global marketplace).

But, whereas the structure of science systems may be changing globally
to prioritize societal relevance and impact of research, the corresponding
behavior by scientists thrust into a more publicly responsive role is less eas-
ily scripted. With some exceptions, conventional disciplinary science train-
ing in most universities has not fully embraced the potential of a “civics of
science” approach to integrated training that could also impart the skills
and tools increasingly needed by scientists. Some of these would include, for
instance, critical awareness to identify and mitigate personal biases and the
potential risks of external influences; responsible public communication of
technical information, scientific uncertainty, and risk; and providing science
advice.

A new critical awareness and reflexive practice within the sciences is
needed as policy makers and scientists alike struggle to balance the multiple
objectives and changing expectations of the public science system while pro-
tecting the integrity of the knowledge it produces. Thus, the key challenge
becomes reconciling the inherent tensions in the evolving role of the public
scientist to ensure an appropriate place for science and scientists in societal
decision-making and public policy-making. This is an especially urgent
challenge as bias and conflicts will become more common as public science
budgets globally require more funding partnerships, whether with the pri-
vate sector or civil society interest groups.
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10.4 What Works: Key Structures, Tools, and Approaches to
Reconcile Tensions, Balance Demands, and Maintain Trust

The contested landscape of “relevant” science—including science for public
policy—is reshaping the science system and is bestowing more public-facing
roles and responsibilities onto scientists, often without commensurate
training or preparation. Here we consider some of the structures, tools, and
approaches that may be deployed to better enable scientists to contribute
their expertise meaningfully to the public policy process. These observa-
tions are largely based on the principles of science advice as described from
the perspective of the individual government science advisor (Gluckman
2014). However, we argue that they can be usefully extrapolated to apply
to the multiple contexts and types of science advice for public policy—
whether the information needs are acute or chronic, and whether the means
are panels, committees, expert witnesses, or individual government science
advisors.

Across these multiple contexts and varying delivery models, trust in
the integrity of the scientific evidence remains the key, if elusive, require-
ment. Here we regroup the main considerations within the three high-level
domains that can have the most potential impact on the real and perceived
trustworthiness of science as it is applied to public policy. They are struc-
tural, operational, and cultural considerations.

10.4.1 Structural: Governance Arrangements for Science Advice

e Quality science: The assured quality of scientific input is the sin-
gular criterion on which the public and knowledge users can trust
evidence. We have already shown not just how scientific informa-
tion applied to the public policy context is particularly vulnerable
to criticism, but also how that criticism may be legitimate given the
many ways in which values and lack of objectivity can (intentionally
or unintentionally) enter into scientific knowledge production and
translation at any step—from defining the research to communicat-
ing the results. Robust methods of peer review are the pillar of scien-
tific quality assurance. Where science for public policy is produced
in-house or through commissioned (non-academic) processes, atten-
tion to the governance of peer review and quality control structures
is particularly important.

* Independent advice: As an input to the policy process, even the high-
est quality scientific information will pass through multiple levels
and filters as it makes its way across the desks of decision makers.
It is a challenge to ensure the integrity of the core scientific conclu-
sions through this process. The translational mechanism—whether
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individual or collective—needs to be independent from political or
other influence. Where scientists are appointed to provide exper-
tise and advice, carefully structured terms of reference can ensure
independence by, for instance, making use of part-time second-
ments from within the academic community, or timing longer-term
appointments to extend beyond electoral cycles.

¢ Diversity of mechanisms: We have argued elsewhere for the merits
of a mixed science information and advisory system that can com-
bine the access to decision makers, flexibility, and quick response
time of an individual advisor providing informal advice with the
deliberative processes often grounded in scientific collectivities,
such as national academies or expert committees attached to specific
government departments (OPMCSA 2014). Structuring a system that
offers access to both rapid response, discrete and informal advice,
backed by longer-term formal and deliberative studies, can ensure
both practicality and public trust in the face of the iterative messi-
ness of real policy-making.

® Responsiveness to context: The variety of situations for which pol-
icy-relevant scientific information and advice is required must be
clearly distinguished. For instance, in-depth studies of long-term
and chronic issues such as the effects of climate change, ecosys-
tem health, or the assessment of new technologies are often best
undertaken by standing or task-oriented committees of academics,
whether through national academies or under the aegis of a com-
mission or other body. More precise and circumscribed problems
for which policy analysts and managers need direct data inputs,
such as monitoring fish stocks, may best be undertaken by dedi-
cated research units or expert groups within or contracting to gov-
ernment departments. By contrast, acute situations of crisis such
as pandemic, industrial, natural, and other disasters will require
rapid advice and action. In such time-sensitive situations, science
advisors often become de facto decision makers and focus should
be on clear and singular communication of what is known (and not
known) about a rapidly evolving situation. Systems such as the UK’s
Scientific Advisory Group for Emergencies (SAGE) mechanism,
within the Cabinet Office Briefing (COBRA) executive emergency
response mechanism, include pre-assigned roles and responsibili-
ties of scientific and technical experts in the event of an emergency
(Government Office for Science 2014). Key structural features of this
mechanism are (1) maintaining an up-to-date national risk register,
(2) preidentification and briefing of rosters of technical experts to
be deployed as needed, and (3) the national Chief Science Advisor
as the central hub and outward face of SAGE to ensure efficiency of
operations and clarity of message.
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10.4.2 Operational: Science Advice in Practice

e Operating as an honest broker of knowledge: While appropriate
structural elements can create the conditions for robust and broadly
credible scientific input to reach the policy process, operationalizing
any of these structures in practice requires a particular approach
from scientists. Roger Pielke Jr. (2007) has famously contrasted—
within a larger typology—the scientists acting as “issue-advocates”
from those adopting the role of “honest broker.” The role of the
honest broker is to transmit and interpret knowledge by clarify-
ing and contextualizing what is known and not known about an
issue. Honest brokers elucidate the conclusions that can justifiably
be inferred from the available data and parse the implications of a
range of policy options without advocating for any. While the hon-
est broker concept has been critiqued for its tendency to essential-
ize both the scientific and policy processes into idealized models, it
nonetheless provides a useful heuristic for the required attributes in
operationalizing information for decision-making. By contrast, the
issue-advocate may intentionally (and often unintentionally) be seen
to support a particular course of action by lending to it the weight of
(real or assumed) expertise. Particularly complex is the situation of
national academies, which may provide technical input into policy
but are also in a legitimate position to play an overt advocacy role
owing to imperatives of academic freedom. Globally, many repre-
sentative academic bodies are considering the implications of this
tension as they assume a greater role in public policy dialogues. For
a recent example, see the Science Council of Japan’s renewed code
of practice developed in the wake of the Fukushima Daiichi disas-
ter (SCJ 2013) and the OECD (2015) report on the public roles and
responsibilities of scientists. Similar sentiments are expressed in the
Singapore Statement on Research Integrity (WCRI 2010).

® Inclusiveness and appropriate coproduction: We have suggested
that scientific information applied to the public policy context will
inevitably be subject to a different type of scrutiny to that of scien-
tific peer review alone. In highly contentious cases, both the struc-
tural conditions that protect the integrity of science advice and the
role of honest broker may still not satisfy the trust of stakeholders.
Bremer and Funtowicz (2015) have suggested that the area of “sus-
tainability science” and the science of environmental stewardship
are such examples. They suggest that, to the extent that such issues
are most often place-based and values-rich, they may benefit from a
deliberative and inclusive approach. The authors suggest the prac-
tice of “extended peer review committees” that can include a diver-
sity of stakeholders to operationalize transparency and coproduce
the science-based advice given to decision makers. It is clear that
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such an approach may be seen to compromise the essential pro-
cesses of science that allow it to remain relatively objective, but here
the distinction remains between how science is produced and how it
is interpreted and applied. The latter is not a decision of the scientific
community alone, and broadening the scope of the review commit-
tee may add this dimension to the analysis.

Thus, the key challenge in coproduction will always be to protect the
integrity of the science on one hand, while on the other hand enhancing
the knowledge base with locally resonant inputs. Sheila Jasanoff’s (2004) pio-
neering theories of coproduction first drew attention to how the structures of
science and society are unavoidably mutually influencing, but her analytical
frame also serves to promote an awareness of the type and extent of mutual
influences. This information in turn can be used to inform and set thresholds
of data quality and acceptability of evidence. Applying the descriptive con-
cept of coproduction to promote deliberate (and arguably normative) opera-
tional practice can help to build mutual understanding and reach agreement
on those thresholds in such a way that both scientific and societal conditions
can be met (van Kerkhoff and Lebel 2015; Corburn 2009).

10.4.3 Cultural: How We Think about Science for Public Policy

e Cultures of public reason: Every policy-making jurisdiction will
have a particular position regarding what Jasanoff has called “pub-
lic reason” (Jansanoff 2012). This is the culturally and historically
inscribed framework against which we reach societal decisions. Thus
public laws, regulations, and the parameters of acceptable evidence
to inform decision-making are ultimately cultural and not scientific
tools. Yet, in the majority of today’s democratic economies, science-
derived evidence plays an increasingly significant, even privileged,
role in structuring public reason. To be sure, we can rely on inter-
nationally accepted standards of science to structure the process to
produce fairly reliable information. However, assigning a relative
weight to this information against other considerations cannot be
prescribed or universalized, nor can methods that deliver it into the
decision-making processes. Events in the European Union that saw
the disestablishment of the Chief Science Advisor position, amid
both vocal support and opposition from across Europe, illustrate
the diversity of deeply held convictions about how best to structure
methods of public reason. It is useful to be mindful of this diversity
and tension in establishing the pathways by which scientific infor-
mation makes its way into public policy.

® The role and limits of science: Understanding the historical and
cultural context of public reason is an apt reminder that science
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can only inform policy, it cannot make it. Public policy formation
is fundamentally a normative exercise of weighing values, balanc-
ing trade-offs, and making choices that are ideally informed by,
but not necessarily directed by science. There is some evidence to
suggest that the research community is gaining a better under-
standing of the uncertain place (and indeed the normative limits)
of policy-relevant scientific information. Whereas many scientists
might still assume it to be self-evident that science should drive pol-
icy (policy-based evidence), a cursory bibliometric analysis* of the
peer-reviewed literature shows a perceptible rise in the use of the
subtler and nuanced term “evidence-informed” and a recent decline
of the more confident label “evidence-based.” Although this rapid
appraisal of the research vernacular does not show how many of
these instances apply directly to the policy context, the rise in use of
the label “evidence-informed” by researchers who are overwhelm-
ingly from the health and social sciences may be a useful proxy for
the general understanding of the realities of how evidence oper-
ates in the public (and in this case “social”) policy context. Perhaps
significantly, there is less evidence of the term’s popularity among
researchers in the policy-relevant environmental sciences.

10.5 Illustration: The Research and Scientific Information
Standard for New Zealand Fisheries

To conclude this chapter, we consider how the key principles, structures, and
operational practices of applying scientific information to the public policy
context can be given effect. Here, we focus on the quality assurance of sci-
entific information intended to inform public policy decisions. Assuring the
quality of scientific information is a central structural pillar, but as we have
shown, standards of quality and evidential thresholds can be vulnerable to
criticism where issues are contentious. Here, it is important to have robust
tools and processes that can withstand scrutiny from the science community
and issue advocates alike.

* The database Scopus shows that the term evidence-informed first appeared in 1997 with a total
of 996 instances of its use since that time, almost exclusively in health and human sciences.
Its usage is rising. By contrast, the usage of the term evidence-based totals 171,938 instances
up to 2014, with early sporadic usages (from as early as 1918) mostly in the physical sciences,
where it did not relate to the policy context. The term began to make a mark on the academic
vernacular in 1995. In 1996, medicine and allied health professions accounted for over 75%
of 493 instances of its use that year. Usage of the term seems to have peaked in 2013 (15,735
instances) and it has been in decline since then.
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One such tool is the Research and Scientific Information Standard for
New Zealand Fisheries, which came into force in 2011. This science quality
assurance standard is not unique globally, but it does contain exemplary fea-
tures that provide an apt illustration of the preceding discussion.

10.5.1 New Zealand Fisheries

New Zealand is a small, geographically isolated, democratic country in
the southern Pacific Ocean. Its multicultural population of just over 4.5
million lives primarily in the urban centers of Auckland, Wellington, and
Christchurch, and many people have significant rural ties. The country’s
economy is largely driven by land- and water-based industries.

New Zealand is proud of its unique environmental ecosystems, rare flora
and fauna, and record of publically supported conservation and environ-
mental stewardship. The country has more than 17,000 protected areas, cov-
ering more than 8.6 million hectares (some 32%) of the total land area. There
are 44 marine reserves and, since 2005, a growing network of other marine
protected areas addressing the uniqueness of its marine ecosystems. New
Zealand has the world’s fourth largest marine estate. These issues are high
in the public and political consciousness as the balance between the use and
protection of land and water resources are necessarily central features of
public discourse.

New Zealand’s commercial fisheries are subject to a quota management
system whereby the total allowable catch of any commercial species is
apportioned through an individual transferrable quota mechanism. New
Zealand was the first country to adopt such a system as policy nationwide
in 1986. Shortly after the introduction of the system, quota allocations were
suspended while New Zealand’s indigenous people (Maori) entered into
negotiations with government on the provisions for Maori fisheries in light
of the Treaty of Waitangi, which is New Zealand’s founding document dat-
ing from 1840 and details the relationship between the Crown and Maori.
The Treaty and its implications and interpretation are the subject of ongoing
reconciliation and redress.

The Treaty claims regarding fisheries were effectively resolved through
a commensurate transfer of quota holdings to Maori. The Crown also
enacted legislation to protect Maori customary fishing rights outside of the
quota management system. New Zealand applies a 200 nautical mile eco-
nomic exclusion zone, which includes both inshore and deepwater fisher-
ies, for which only citizens and New Zealand-owned companies can own
quota (Lock and Leslie 2007). New Zealand’s fisheries management has been
widely regarded as one of the world’s leading systems, not least for the extent
to which the quota system is applied and for close collaboration between
the regulatory authority and the Department of Conservation (Pitcher et al.
2009; Lock and Leslie 2007, Worm et al. 2009).
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10.5.2 Science in Fisheries Management and
Ecosystem Sustainability Decisions

New Zealand’s quota management system is administered by the Fisheries
Management directorate within the amalgamated Ministry for Primary
Industries (MPI). Both MPI and its predecessor responsible for fisheries (the
Ministry of Fisheries, MFish) have relied on expert stock and ecosystem
health assessments to make management and marine stewardship deci-
sions. In a small country such as New Zealand, both the scientific and finan-
cial capacity to carry out such research is inherently limited. In response to
this challenge, MFish actively sought to promote price competition among
expert knowledge providers by outsourcing the necessary scientific work.
It also put in place fiscal measures through the quota system, which were
aimed at industry bearing a share of the cost of the research necessary to
ensure stock sustainability. Commercial fishers thus either help support
research or can themselves be direct purchasers of scientific knowledge
with a view to influencing a government’s fisheries and marine environ-
mental management decisions (Mace et al. 2014; P. Mace, personal commu-
nication, May 2015).

With this opening up of the scientific market for both research purchas-
ers and providers, MFish recognized the need for a method to ensure the
quality of any scientific information intended for use in informing policy
and management decisions. The inherent difficulty in conducting marine
research in offshore ecosystems (Craig et al. 2000) and the challenges for
monitoring inshore systems at sufficiently local scales (Chuenpagdee 2012)
made the need for such a quality assurance standard particularly acute. So,
too, would the perennial shortage of expert human resources, not to mention
an alertness to the possibility of biased science provided by industry or other
interested parties (Bremer and Glavovic 2013).

To meet these challenges, MFish, together with relevant agencies across
government, undertook a consultative process to develop a definitive tool
to assure the quality of science used to inform policy decisions related to
the marine environment. The Research and Scientific Information Standard for
New Zealand Fisheries was thus launched in April 2011 as a succinct yet com-
prehensive guide to both purchasers and providers of scientific knowledge
(Ministry of Fisheries 2011). This policy statement covers the expected roles
and responsibilities of government and other such knowledge purchasers in
procuring sound science for decision-making, but it goes into greatest depth
on the expectations of knowledge providers and the various forms of peer
review that can be applied according to context.

To operationalize the standard, MPI oversees a number of standing
theme-based “scientific peer review working groups,” which undertake
approximately 100 meetings each year. These are supported by “participa-
tory workshops” that provide a more consultative and localized process of
review. These workshops are held less frequently and are employed “where
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issues have broad geographic or disciplinary scope, or where the science is
addressing new methods or information, or where the questions attract con-
siderable attention from stakeholders and advocates” (Ministry of Fisheries
2011).

Three key features of this science quality assurance mechanism stand out.
Firstly, stakeholder trust is prioritized through the peer review principles of
independence, balanced expertise, and inclusiveness. On the surface, these
principles may appear to be contradictory, emphasizing the inherent ten-
sions discussed earlier. After all, how can a review be conducted indepen-
dently if it is also open to interested stakeholders? But such inclusiveness
has the potential to help bolster the independence of the review by engag-
ing multiple points of view, demonstrating transparency and balanced
expertise.

When an issue is highly contentious, the science that informs it will inevi-
tably be scrutinized and often denounced by aligned interests, but a “broad
tent” approach to scientific review that is open to observers and engages
diverse expert opinions can better achieve consensus on the policy rec-
ommendations to be drawn from the science (Ministry of Fisheries 2011).
Contested spatial allocation for marine protected areas, changes to total
allowable catch limits, specific arrangements that affect customary indig-
enous fisheries, or the use of new and controversial technologies in fish-
eries development are all examples where post-normal practices such as
“extended peer communities” could apply without jeopardizing the rigor of
standard scientific review (Bess and Rallapudi 2007, Bremer and Funtowicz
2015).

Secondly, the peer review working groups do not limit their work to assess-
ing the end products of the research process, but are also able to provide
staged technical guidance to aim for maximum effectiveness of research and
efficiency of resources. They are able to stop or redirect research that shows
no early relevance or lacks quality, thus ensuring appropriate stewardship of
research funds and raising the likelihood of a higher quality end product to
inform a management or policy decision.

Finally, in terms of scope of application—regardless of whether the infor-
mation is generated by government, industry, or an advocacy organization—
if it is intended to be used to inform relevant public policy, then the quality
assurance standard and procedures for peer review will automatically apply
to its development and final knowledge product. In this way, officials can
be sure that any scientific input that reaches the desks of decision makers
will have been appropriately assessed, with little scope for industry or other
interested parties to circumvent the vetting with science that is “more favor-
able” to their cause.

Despite the level of detail, impressive scope, procedural rigor, and inclu-
siveness of this quality assurance tool, there are limits to how and where it
can be used in the policy process. Clearly, it is designed to lift the level of
science generated or taken in by Ministry staff, and for this it appears to
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be exceeding expectations. However, the contexts to which it applies best
are most often the predictable areas of long-term monitoring and stock/
ecosystem assessment that can be planned for. Indeed, the review process is
time- and labor-intensive to coordinate and manage on an ongoing basis. It
is unlikely that such an administration-heavy process could be deployed to
respond nimbly to scientific knowledge needs in emergencies for instance.
Were an ecological disaster to occur, there would not be the luxury of inten-
sive review in responding to threatened species. In such cases, appealing to a
SAGE-type model within a mixed system would allow for scientific informa-
tion to flow directly and quickly through a single reliable channel and from
pre-identified reliable sources.

10.6 Concluding Comments

There is an increasing acknowledgment globally that science is truly a soci-
etal endeavor, yet the implications of putting it into practice are far-reaching
and still poorly understood. Conceptually, it means working more closely
with knowledge end-users to make science more useful and impactful,
democratizing the research agenda, and listening carefully to public dis-
course about technology and social license, among other things. Practically,
each of these actions requires a rebalancing of the conventional structures
and approaches to knowledge production and application, which will inevi-
tably create tensions.

In this chapter we have tried to extract and render visible these tensions
that exist both at the interface of science and policy and within the science
sector as it strives to become more immediately relevant to policy makers
and society generally. Acknowledging and understanding these tensions
allows them to be confronted. To this end, we have tried to offer a number of
tools and approaches that may assist, in particular by helping to build and
maintain stakeholder trust in the science system and in the preparation and
delivery of science advice.

While stakeholder trust may be the product of greater inclusion and of
deliberate marshaling of the inherent coproductive capacities of science in
the policy context (van Kerkhoff 2014), care must be taken to ensure that this
is done without jeopardizing the standards and practices that make science
trustworthy in the first place. Similarly, the scientist who is willing to be the
public face of a complex issue within an area of their expertise can also be
a pillar around which public trust is built, provided they can balance the
demands of the hungry media while conveying complexity and uncertainty,
and not step beyond the data. This not an easy task; unfortunately, the quali-
ties most often sought by the media, such as the ability to provide catchy
punchlines and colorful content on demand or to take sides in a supposed
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debate, do not lend themselves easily to the maintenance of expert integrity.
Scientists stepping into the public eye must manage these risks constantly,
particularly with a fast-developing story.

When the integrity of science is threatened by external influence and bias
or when scientific input extends beyond the reasonable boundaries of infer-
ence that the data allow, the explanatory power—and ultimately the rele-
vance—of science will be lost. There is an important distinction between
advocating for the application of science in public policy contexts and science
advocating for a particular course of action. To the extent that this is advo-
cacy, it is advocating for the better use of science.
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11.1 Introduction

It is a truism that human activities cannot be managed in an ecosystem that
is poorly understood. Information and knowledge about aquatic and marine
ecosystems and the role of information in the various guiding frameworks
for integrated coastal and ocean management (ICOM) are well recognized
and important components of successful ocean management (GESAMP 1996;
Doody et al. 1998; Ehler 2003; DFO 2002; Pickaver et al. 2004; Levin et al. 2009;
Nova Scotia Government 2009; Wilson 2009; ICES 2013; among others). This
tenet of ICOM is especially important for understanding major global issues
such as climate change (Tribbia and Moser 2008) and the loss of marine bio-
diversity, and recognizing the linkage between such issues and other key
challenges facing our societies (Watson 2005). To work with the extensive lit-
erature about coastal and ocean issues can be daunting due to the complexities
related to the diverse types of knowledge systems that have been emphasized
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as important in decision-making (e.g., Cash et al. 2003; Cicin-Sain and Knecht
1998). Recently, a coastal knowledge system has been described, with a novel
analytical framework covering areas of focus, forms of knowledge, interac-
tion between forms of knowledge, and influencing barriers or filters (Coffey
and O'Toole 2012; see also Chapter 3 in this volume). Clearly, marine informa-
tion and its management and use play a vital role in every phase of ICOM
(MacDonald et al. 2011, 2012; Soomai et al. 2011a, 2011b, 2013).

Throughout this book, we strive to show the linkages between the various
guiding frameworks underlying ICOM, for example, the information cycle,
the policy cycle, and the ICOM process cycle, in order to illustrate the pivotal
role of information in the ocean management process, namely, information
awareness, access, use, and influence. Information’s role can be examined
using suitable indicators for “measuring the progress and outcomes of
ICOM” (UNESCO 2006), reflecting the various pressures on the coasts and
open oceans (Tribbia and Moser 2008).

In this chapter, we describe the important concepts and classical methods
for measuring awareness, use, and influence (sometimes referred to as
impact or effectiveness) of information, largely from the perspective of
the information management specialist. However, it is recognized that the
role of information in ICOM can also be examined from the point of view
of the ICOM practitioner, identifying what the operational managers and
senior policy advisors require as timely information and determining how
they can acquire it. This perspective is similar to the two-directional flow
of information at the science—policy interface(s), the so-called science push,
policy pull interaction so essential for effective management. The case studies
(Chapters 12-18 in this volume) illustrate these perspectives and approaches,
and show how the information production, that is, science, information
management, and ICOM worlds merge in an essential symbiosis.

Knowledge of currently available methods in information management,
ranging from advanced searching, citation analysis, and webometrics, to the
use of social media and network analysis, is fundamental to understanding
how information supports ICOM. This knowledge should be in the tool kit of
ICOM researchers and practitioners, as some methods can be used directly
to account for and understand information behavior and information use.
Knowing the needs of ICOM specialists should also encourage information
management professionals to interface with ICOM’s many disciplines and
practitioners to optimize the use of available information, wherever it is
needed.

Given recent advances in information science, computer science, and tech-
nology, the methods themselves must continue to be evaluated, improved,
or newly developed. The incentives for optimal use of information are
numerous. From the point of view of the senior decision maker, manager,
or policy maker, accountability for use of public funds is critical. Justifying
the essential need for but high cost of research, state of marine environment
reporting, mitigation measures, and so on, is reason enough to demand
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evidence that important existing information is used effectively. Studies
using the methods described below also contribute to a better understand-
ing of processes at the science—policy interface and of the continuous need
for evidence-based and evidence-informed policy-making. Applying these
methods and knowing how information is used will support more effective
ICOM.

11.2 Theoretical and Practical Perspectives
11.2.1 Use of Scientific Information in the Policy-Making Process

Since the 1970s, several models about information use in policy-making
have been described (e.g., Caplan 1979; Glasziou and Haynes 2005; Knott
and Wildavsky 1980; Landry et al. 2001a, 2001b; Oh 1996, Weiss 1979). The
models have varied from fixed typologies to more fluid descriptions. Walt
(1994) and Weiss (1977) outlined an ideal model of research as a linear series
of events that lead to the dissemination of various published outputs with
the end stage occurring when those outputs, that is, scientific advice, reach
the policy makers and decision makers. Weiss (1977) also described an
enlightenment model in which the links between research and policy are
often indirect or less obvious, as a single piece of research is unlikely to
influence policy change directly. Rather, over time the cumulative weight
of research information permeates gradually into the policy process via a
number of information channels, for example, through the involvement of
expert groups, such as various national academies; interest groups, such as
environmental nongovernmental organizations (see Chapters 15 and 18 in
this volume); the news media and increasingly social media; and a grad-
ual change in the viewpoints of policy makers occurs. Weiss (1979) later
described seven typologies of information use in policy-making where use
can be viewed as knowledge-driven, that is, the information serves an edu-
cational purpose for an intended audience, or use can be seen as problem
solving, namely, the information provides advice to policy makers and is
intended to guide the selection of management solutions. Three broad cat-
egorizations of use were identified: direct or instrumental use, indirect or
conceptual use, and selective use. In direct or instrumental use, scientific
evidence is incorporated into decision-making to reach a specific solution.
In indirect or conceptual use, evidence influences or informs how policy
makers and practitioners think about issues, problems, or potential solu-
tions. Indirect use of evidence occurs when information is used to establish
new goals and benchmarks and it helps to enhance understanding of the
complexity of problems and the consequences of action or inaction (Caplan
1979). Selective use is typically strategic, where, for example, information is
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used to legitimize and sustain predetermined positions, and falls within the
tactical typology described by Weiss (1979). Selective use can also be viewed
as a subset of direct or instrumental use. The degree to which evidence is
used directly, indirectly, or selectively may vary in relation to several fac-
tors, for example, the management level at which the decision makers oper-
ate in the policy process within an organization, that is, upper, middle, or
lower levels; how evidence is framed, that is, vaguely versus complexly, or
focused versus simple; and the issue itself, which is related to the urgency
of decision-making or action (Hallsworth et al. 2011).

Within a typology of use, research use by policy makers can be fluid and
iterative or it can proceed in stages after the information is produced (e.g.,
Glasziou and Haynes 2005; Knott and Wildavsky 1980; Landry et al. 2001b).
Knott and Wildavsky (1980) described a seven-stage chain of utilization involv-
ing reception of the research, cognition, reference, effort, adoption, imple-
mentation, and impact. In an assessment of the use of research produced by
social scientists in Canada, Landry et al. (2001a) defined a modified ladder of
research use with six steps similar to Knott and Wildavsky’s chain: transmis-
sion, cognition, reference, effort, influence, and application. While approxi-
mately 50% of researchers stated that they transmitted key research findings
to relevant policy makers, as much as 30% of findings did not even reach
this first stage (Landry et al. 2001a). Glasziou and Haynes (2005) developed a
pipeline model of seven stages of research use from a healthcare practitioner’s
perspective: awareness of research findings, acceptance of the findings, the
knowledge is perceived to be applicable, the practitioner has the capability
of applying the research findings, the practitioner acts on the research, the
findings are adopted in practice, and the research findings are adhered to
over time. This pipeline model suggests, however, that some elements of the
research findings can be ignored at each stage.

The above models generally show research use as a linear activity and
imply that it must proceed in a logical order from one stage to the next. The
models also do not specify how the stages in information use are struc-
tured within the different typologies of information, for example, political
and tactical (Glasziou and Haynes 2005; Knott and Wildavsky 1980; Landry
et al. 2001b). After reviewing numerous models, Nutley et al. (2007, p. 45)
concluded that research information use is “a dynamic process that may not
be readily ‘boxed” into static typologies.” To reconcile the limitations of the
typologies of information use and the stage models, they defined informa-
tion use as a continuum of options for research use in policy-making. In this
model, conceptual and instrumental uses of information are placed at oppo-
site ends of a continuum that ranges from raising awareness about research,
to enhanced knowledge and understanding of the research causing a shift
in policy-making attitudes, to direct use of research information and change
in policy (Figure 11.1).

Concurrent with the description of models about the use of research infor-
mation articulated over the past four decades, attention has also been put on
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Types of information use of particular interest in ICOM

i Knowledge and Attitudes, Practice and i
Awareness i understanding perceptions, ideas policy change
More conceptual uses More instrumental uses
FIGURE 11.1

Continuum of research use. (Nutley, S. et al. 2008. Using Evidence: How Research Can Inform
Public Services. Bristol: The Policy Press.)

knowledge mobilization or knowledge transfer and exchange (KTE), and knowl-
edge translation, especially in healthcare settings (Contandriopoulois 2012;
Contandriopoulois et al. 2010; Van Eerd et al. 2011; Chappells et al. 2015; Azimi
et al. 2015). These terms account for “efforts to modify practices or decisions
to make them coherent with current scientific evidence” (Contandriopoulois
2012, p. 30) and are closely associated with the concept of research informa-
tion use depicted in the models about information use in policy-making and
decision-making processes discussed above. Despite considerable investment
in developing KTE applications, reviews on this subject conclude that evalua-
tion of KTE practices, that is, measurement of the outcome of practices in terms
of the use of research information and its influence, continues to be a challenge
(Van Eerd et al. 2011; Straus et al. 2011; Hudon et al. 2015). In the view of one KTE
scholar, “much of the available practice-oriented advice on knowledge trans-
fer promotes either one particular technique as a solution to the challenges of
knowledge exchange and utilization or else very linear, knowledge driven pro-
cesses” (Contandriopoulois 2012, p. 468). Often, the evidence from actual cases
does not match the scenarios in the linear models.

11.2.2 Where Theory and Science Meet Practice

A common theme running through all of the models of the use of research
and knowledge transfer is the importance of context. Context matters because
of the interplay of many and specific stakeholders, ranging from information
creators to decision makers; the availability of a wide variety of communi-
cation channels with attending enablers and barriers to information flow;
and the variability of institutional and organizational cultures and politics
in which decisions are made (see Chapter 2 in this volume). This is espe-
cially true for ICOM, which is a multifaceted process, encompassing many
players and the consideration of different environmental factors that vary
on spatial and temporal scales. Many of the chapters in this book highlight
these points, as well as emphasize the importance of understanding the con-
texts of information use. The many variables contribute to the difficulty in
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measuring use of information, and in determining the influence of research.
Nonetheless, ultimately, the role of information in ICOM has to be shown
by example, as the literature on the subject and many of the chapters in this
book illustrate.

Several examples of attempts to enhance marine information use, in the
context of what is needed for effective ICOM, are available (e.g., Doody et al.
1998; New Zealand Ministry of Fisheries 2011). One of the best international
examples is the assessment of assessments (AoA) initiative of the United
Nations Environment Programme (UNEP) and the Intergovernmental
Oceanographic Commission (IOC) of UNESCO, which is “the most compre-
hensive initiative undertaken to date by the UN system to better coordinate
ocean governance” (UNEP and IOC-UNESCO 2009, p. 12). Assessments, or
state of the environment (SOE) reports, aim to assemble “monitoring and
research knowledge in a form useful for decision-making” and are prepared
on the principle that “regular assessment is an integral part of adaptive man-
agement that can respond to changing conditions” (UNEP and IOC-UNESCO
2009, p. 16). In the AoA, the assessments were considered as both process and
product, as context matters as noted above. In addition, every report was
examined for relevance, legitimacy, and credibility “as these attributes have
been identified as central to an assessment’s influence and used in identify-
ing best practices” (UNEP and IOC-UNESCO 2009, p. 24). A clear but chal-
lenging objective was to make the link “between assessment and policy and
management processes.” The central recommendation of the AoA “calls for a
mechanism that builds on existing global, regional and national institutions
and processes while integrating all available information, including socio-
economic data, on how our seas and oceans are actually being used” (UNEP
and IOC-UNESCO 2009, p. 12).

The preparation of many SOE reports, or assessments, now follow the
DPSIR framework (Driving Forces, Pressures, State Changes, Impacts,
Responses) which link the state of the environment (the science component)
with societal responses (the use of the data and information, that is, the deci-
sion-making and management responses) (see discussion of one such SOE
report in Chapter 12 in this volume). Elements of this framework highlight
information communication and use that can assist in bridging the science—
policy gap (Bell 2012; Gregory et al. 2013; Ness et al. 2010; Tscherning et al.
2012), and in turn offer a means of measuring information use and ultimately
its influence, including indicators of use and influence which help to define
these often ambiguous concepts.

Other examples of initiatives to enhance marine information use in
ICOM include the work of the Atlantic Coastal Zone Information Steering
Committee (ACZISC) (ACZISC 2009; see also Chapter 15 in this volume)
and Mitchell et al. (2006), whose book was the first rigorous analysis of
global environmental assessments and their influence. A further example
is the Environmental Information: Use and Influence (EIUl—www.eiui.ca)
research program at Dalhousie University, initiated in 2002 because it was
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recognized that an evaluation of the numerous SOE reports was needed
to determine their value, which was understood to be both the process of
producing a particular report and the use made of the information once
assembled (Wells 2003; Cordes 2004). The oceans were in continuing decline,
despite the large number of research papers and synthesis reports describ-
ing the threats and the options for solutions. Frequently, a disconnect existed
between the presence of information indicating a problem and the policy
and management efforts to publicly recognize and solve it. Often, the time
period for action was very long, for example, climate change and invasive
species impacts. In the EIUI program, several projects have examined the
use of marine reports produced by governments or intergovernmental
groups, for example, a study of the State of Nova Scotia’s Coast Report (Soomai
et al. 2011a, 2013). One seminal conclusion was that the specific influence of
information in policy-making and decision-making with marine environ-
mental issues was usually difficult to track and measure. Many factors are
at play at the science—policy interface, and at the point of making decisions
in evidence-based policies, research-based information is only one element,
and sometimes a minor one, in a complex process. Despite good intentions,
such as keeping people well-informed and material readily accessible (e.g.,
the ACZISC program, see Chapter 15 in this volume), it is overly simplistic to
assume that the availability of relevant, salient, and legitimate information
will automatically be noted and lead to good decisions and effective ICOM.

Numerous other examples of organizations, local to global, that emphasize
the role of science and information in ICOM can be mentioned. Among the
more notable are the following:

1. The Intergovernmental Panel on Climate Change (IPCC), which has
produced five massive synthesis reports as well as summaries for
policy makers (IPCC 2013-2014; see also Watson 2005).

2. The World Meteorological Organization (WMO) and UNEP, which
have recently published a scientific assessment of ozone depletion
and assessment for decision makers (WMO and UNEP 2014), and 11
earlier reports.

3. The International Council for the Exploration of the Sea (ICES), a
highly networked scientific organization involved in research on
fisheries and marine ecosystems. ICES’s strategic plan states that
it “will produce the information and advice that decision makers
need” and “continue to deliver evidence-based scientific advice on
environmental issues and fisheries management” (ICES 2013; see
also Wilson 2009).

4. The Millennium Ecosystem Assessment (MEA), which focused
on “the impacts of ecosystem changes for human well-being, and
synthesizing ... research and making it available in a form rel-
evant to current policy questions, and improved decision-making
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concerning ecosystem management and human well-being” (MEA
2005; Watson 2005).

5. The World Health Organization’s Health and Environment Initiative,
which has produced Global Environmental Outlook Assessments.
The objectives of these assessments are “to facilitate the production
of accessible but scientifically relevant information to policy makers,
and to increase the capacity of governments to use environmental
information for decision-making and action planning for sustain-
able development” (WHO 2015).

6. The Joint Group of Experts on the Scientific Aspects of Marine
Environmental Protection (GESAMP), which has produced numer-
ous assessment reports since the 1970s and an evaluation of science’s
role in integrated coastal management or ICM (GESAMP 1996).

7. The Ecosystem Indicators Partnership of the Gulf of Maine Council
on the Marine Environment, which produces comprehensive fact
sheets, supported by a mapping tool, on key environmental issues
in the Gulf of Maine and Bay of Fundy (www.gulfofmaine.org).

Collectively, the activities of these and other organizations show a grow-
ing effort to package and bring the primary messages of ocean and environ-
mental science to wider audiences, including the public, key policy makers
and decision makers, and politicians in coastal countries (Levin et al. 2009).

11.3 Measurement Approaches

As shown in this volume, the production, dissemination, and use of informa-
tion for decision-making regarding coastal and ocean issues is an amalgam
of many variables and a myriad of contexts. Developing an understanding
of the use and influence of information is, as a result, not a straightforward
exercise or application of a single method of measurement. Researchers and
ICOM practitioners have approached the subject from numerous points of
view and with various measurement methods (see Table 11.1).

11.3.1 Challenges in Selecting Methods to Measure Information Use

Scientific information may or may not be used for its intended purpose,
as use is affected by many factors (discussed throughout this book). For
example, use may be difficult to measure due to challenges in obtaining
evidence; the information may have been produced for one purpose, which
could direct such measurement, resulting in the unexpected uses being over-
looked. Use of information contained in a publication can be indirect, for
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Methods to Measure Awareness and Use of Information

Methods

What Will Be Measured
(Information Pathways and Use in Policy Contexts)

Bibliometrics, for example,
citation analysis

Webometrics and altmetrics,
for example, web statistics
based on link searches and
web content

Semi-structured interviews;
online surveys

Content analysis of print
and digital sources, news
media and social media,
for example, blogs, Twitter
records

Direct observation of
meetings; content analysis;
discourse analysis

Network analysis; social
network analysis, for
example, study of Twitter

Citations to publications, for example, who cites, the location
and role of citing authors, and direct use of information

Awareness of publications by diverse audiences; evidence of
networking within and outside the organizations, for
example, information read, cited, and/or linked; direct use of
information

Information activities and collaboration of stakeholders in the
chain of utilization of research, for example, read, understood,
and decisions based on information

Awareness and use of information by diverse audiences;
interrelationships of online network members, for example,
sources that influence ICOM decisions and legislation

Observation of actors at various stages of research utilization
to determine how information sources are used in decisions,
for example, research changed an actor’s frame of reference
(indirect use); or why relevant sources are not used

Inventory of networked individuals and institutions at various
stages of research use; visualization of network structures
including online social networks, showing indirect and direct

records influence of information, for example, who (person or
organization) was involved and which information was used

in decisions

example, information may increase a stakeholder’s knowledge of an issue,
or use can be direct—with a more tangible output—for example, policies
are developed. Historically, measuring information use was focused on the
direct policy outputs, that is, evidence that information had a direct relation-
ship with the development or implementation of policies, regulations, and
management plans (see Chapter 16 in this volume as an example). Definitions
of use and influence of scientific information have often been ambiguous, and
measurements of both may be similar. For instance, evidence in policies,
peer-reviewed papers, and reports produced by an organization (gray litera-
ture) can be considered as indicators of both use and influence. Evidence of
attitude changes or paradigm shifts in policy-making can also be interpreted
as indicators of use and influence; however, such changes are usually not
tangibly obvious and are often more difficult to measure. Indirect or more
conceptual influence generally occurs in the early stages after the release of
scientific reports when stakeholders” awareness of the reports indicates indi-
rect use of the information (see, e.g., Soomai, MacDonald and Wells 2011a,b).
Evidence of awareness of information and publications may be more com-
mon than evidence of other forms of use and influence.
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Measurement of the use of information can take a limited perspective and
focus on selected components of information life cycles in ICOM or attempt
to develop a holistic understanding of the flow of information within an
organization, within communities of practice (CoP) (see Chapter 15 of this
volume), or in decision-making contexts. For example, Environment Canada
measured its research and development performance (including indicators
of information use) using several methods (Environment Canada 2009). Since
holistic measurement is typically complex, some studies account for infor-
mation use through proxy techniques. For example, the production of sys-
tematic reviews of the current state of knowledge in relation to policy issues
has been used to measure information use (Holmes and Clark 2008). Such
reviews, if expert in perspective and constructively critical, test whether or
not a policy has worked, hence showing whether the information behind the
policy, assuming that it is evidence-based, has had any influence. Examples
of this approach also include reviews by the National Academy of Sciences
in Washington, DC (e.g,, NRC 2015). Proxy measures, such as a systematic
review of a topic, rely on an indirect assessment of use and do not reveal the
full picture. Researchers can turn, however, to a suite of other measures to
uncover more obvious evidence of how research-based information is used.

11.3.2 Qualitative Research Design and Methods

A range of qualitative methods is available to assess how information is
communicated in policy- and decision-making processes. These include
interviews, based on semi-structured questionnaires; direct observations, of
meetings, for example; content analysis; and discourse analysis (Anastas and
MacDonald 1994; Jackson 2002). Such methods have been commonly used to
collect data to answer questions of awareness and whether or not scientific
publications are being used in policy-making, to highlight the pathways of
(and barriers to) the flow of scientific information within organizations and
among stakeholders, and to reveal the ways in which information is being
used in policy-making and decision-making for environmental and resource
management (Cano Chacén 2013; Cossarini et al. 2014; Ross 2015; Soomai,
MacDonald and Wells 2011a,b, 2013; Soomai, Wells and MacDonald 2011c).
Surveys, direct observations, and content analysis of documents are often
used in case studies designed to develop breadth and depth of understand-
ing of information use. The data analysis typically involves categorization
and interpretation based on common themes emerging from the data.
Surveys or interviews, for example, have yielded data on the contexts in
which scientific reports are prepared, disseminated, and used, as well as
the personal and organizational networks involved in these activities (e.g.,
Clark and Holmes 2010; Ouimet et al. 2010; Soomai et al., 2011c). Using largely
open-ended questionnaires and semi-structured interviews of the key actors
in the policy-making process within organizations, that is, scientists, manag-
ers, and policy makers, has provided evidence of the direct use of scientific
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reports at the policy- and decision-making level, as well as enablers and bar-
riers to communication (Soomai, MacDonald and Wells 2011a). Interviews
can reveal stakeholder groups’ reasons for acting or not acting on scientific
advice. Interviews can also be used to determine their ideas about how
to increase communication at the science—policy interface. Interviews can
clarify how an individual’s thinking about policy problems changed and
which information types or sources of information were most catalytic in
changing perceptions. Questionnaires can be fielded in person, by mail, or
now frequently through online software, such as Opinio (ObjectPlanet 2015).
Questionnaires can also be used to reach a wide range of external actors in
policy-making, including NGOs and industry, to obtain a fuller picture of
awareness, use, and influence of scientific reports (e.g., Soomai et al. 2011b).

Content analysis is often applied to the textual data collected through such
qualitative methods, that is, surveys and interviews (Krippendorff 2013).
This involves developing labels or codes based on identified themes in the
text for the analysis (Coffey and Atkinson 1996). Content analysis can also
be used to analyze the text of publications. In one example, Sandstrém and
Rova (2010) analyzed legal documents and written policies on fish stocks
to determine whether institutional uncertainties had complicated the estab-
lishment of adaptive policy-making systems in Sweden. The approach iden-
tified the sources of information that influenced the production of fisheries
policy, for example, UN Convention on the Law of the Sea (UNCLOS) docu-
ments, Food and Agriculture Organization (FAO) voluntary codes, and ICES
reports. The analysis also revealed how information use is influenced by the
way issues are framed, a theme that is illustrated in Chapter 4 in this volume.

In other examples of the application of content analysis, Tosun (2011) exam-
ined the manifestos of German political parties for federal elections pub-
lished in a 30-year period (1980-2009) to determine the attention political
parties gave, if any, to the issue of marine pollution on a national and global
level and how this attention changed when a pollution incident occurred. It
was assumed that underlying the election manifestos was the parties’ intent
to use words deliberately to send ideological signals to the electorate by men-
tioning some words more frequently than others. The texts of the manifestos
were coded for the theme of sea pollution, by noting the occurrence of words
such as ocean, sea, and waters, and the analysis showed changes in the par-
ties” stances on marine pollution over time and the overall salience of envi-
ronmental issues for the different party systems. Likewise, Soomai (2015)
applied content analysis to data collected through interviews and direct
observations of science and policy-making groups in the Department of
Fisheries and Oceans Canada, the Northwest Atlantic Fisheries Organization,
and FAO to ascertain drivers, enablers, and barriers in the information path-
ways—production, communication, and use—in these fisheries manage-
ment organizations.

Content analysis draws on the intellectual capacity of researchers to
ascertain meaning largely unaided by the original creators. The analysis is
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typically rigorous, but even so a researcher may not capture the exact intent
of meaning of the creators. A variation on such analysis allows the authors
to self-index the textual data they create. David Snowden and his collabora-
tors have developed SenseMaker, a set of data collection and analytical tools
(Cognitive Edge 2015) that captures narrative fragments of individuals, for
example, conversations, to which individuals add layers of meaning to their
experiences. Assembling this data, sometimes in large quantities, may pro-
vide much richer and more detailed evidence of how information is used in
decision-making contexts. For example, Lynam and Fletcher (2015) applied
this method in a study of climate change adaptation.

Discourse analysis is commonly used in social science research to analyze
the arguments about an issue to develop an understanding of a decision-
making process (Gee 2011; Bering Keiding 2010; Hajer and Versteeg 2005).
Through discourse analysis, links and interactions between stakeholders
can be mapped to indicate who is involved, the level of discussion or debate,
attention given to particular issues, and the level of support surrounding
the decision-making activity. For instance, evidence of the ways that policy
makers regard an issue can be observed through their consistent reference to
specific scientific recommendations and reports in regulations, agency docu-
ments, advisory reports, among others. For example, Delaney et al. (2007)
examined scientific advice and management decisions from Denmark, the
United Kingdom, France, the Netherlands, and Norway from 2001 to 2004 to
understand the public debate on the North Sea cod fishery. In this study, the
sources included national newspapers, publications of the fishing industry
press, newsletters, web discussions, minutes from meetings, and interviews
with persons involved in the public debate. Discourse analysis was combined
with qualitative interviews to determine the influence of the public debate
on the advisory and decision-making system for managing this particular
fishery. In another example of discourse analysis, Hajer (1995) examined
documents, including the science advisory and economic committee reports
of ICES and the Commission of the European Community, to develop a nar-
rative or story line to describe the claims of stakeholder groups about the state
of North Sea cod (Hajer 1995; Wilson 2001). For instance, a fisher tended to
select facts that supported personal economic efforts while an environmen-
talist chose facts that emphasized the seriousness of the environmental prob-
lem. Over time, the participants, momentum, and themes in the discourse
changed. Then after the decision-making concluded, scientists claimed that
their advice was not followed and fishers stated that they were ignored. This
discourse analysis showed the inherent biases of stakeholders, a not uncom-
mon problem where self-interest may trump objectivity and compromise.

In direct observations, individual participants and the interaction among
them are observed by the researcher to assemble data that are often compelling
and hard to refute (Anastas and MacDonald 1994; Leedy and Ormrod 2012).
The researcher does not participate in the events while they are being observed.
For instance, in a study of the use and influence of a Nova Scotia coastal report,
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observations at public consultations showed that mostly members of the inter-
ested public participated in discussions with government staff members (Soomai,
MacDonald and Wells 2011a). In another example, ethnographic studies occur
mainly through direct observations and interviews and are ideal for describ-
ing organizational cultures (Spradley 1979, see also Chapter 14 in this volume).
Carballo-Cérdenas et al. (2013) examined the cultural norms, beliefs, and orga-
nizational structures of a fisheries organization to gain an understanding of
how the actors in marine protected area (MPA) management, that is, managers,
academics, government officials, and environmentalists, constructed meaning
differently. Different interpretation of information often led to ambiguous com-
munication and the inability of participants in MPA governance and manage-
ment to reach mutual understanding of the supporting data.

11.3.3 Quantitative Research Design and Methods

Quantitative methods for tracing the movement of information from pro-
duction to use have been dominated over the past half-century by extensive
application of bibliometric analysis. This method of analysis has extended
into webometrics to account for the recent massive movement to digital com-
munication technologies, principally web-based. In addition, quantitative
methods also include growing interest in network analysis and social media
analysis, as developments over the past decade have demonstrated that infor-
mation pathways have moved heavily into digital media. Information can
reach stakeholders, policy makers, and decision makers through a variety of
channels, all of which merit study to advance understanding of information
behavior and information use at the science—policy interface.

Bibliometric analyses have been used extensively in research performance
evaluation to document and explain citation patterns of research published in
peer-reviewed journals. Citations refer to data included in footnotes and bib-
liographies of publications. Since the 1960s, this field of study has resulted in
sophisticated application of citation analyses at the level of individual research-
ers, research groups or university departments, government departments, aca-
demic disciplines, and countries (for an overview see, e.g.,, Adam 2002; Cronin
1984; De Bellis 2009, 2014; Eom 2009; Meho 2007; van Raan 2005).

The EIUI research team at Dalhousie University has used citation analysis
in studies of the publications of international intergovernmental organiza-
tions. Data have been drawn from the long-established citation databases
of Web of Science, and more recent sources, Scopus, Google, and Google
Scholar, as well as directly from monographs, which until recently have
not been well represented in any citation source (Avdi¢ 2013; Cordes 2004;
Hutton 2009, 2010; MacDonald et al. 2004). Published by Thomson Reuters,
Web of Science currently contains over 90 million records extracted from
several sources, for example, papers published annually in about 12,000
peer-reviewed journals and 160,000 conference proceedings (Web of
Science 2015). Launched by Eugene Garfield in 1960, Web of Science (known
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previously by other names) dominated the bibliometric field until Elsevier
introduced Scopus in 2004, the rise of Google began at the end of the 1990s,
and rapid growth occurred in web-based publications (Meho and Sugimoto
2009). Similar to Web of Science, Scopus covers research fields in “science,
mathematics, engineering, technology, health and medicine, social sci-
ences, and arts and humanities” through a very large abstract and citation
database (Elsevier 2015). While Web of Science and Scopus are very large
sources of citation data, their coverage focuses mostly on scholarly literature
and generally overlooks information published in other formats, such as
gray literature, that is, reports and other publications not released by com-
mercial publishers. For the latter, citation searches in Google Scholar and
Google provide more complete coverage (Hutton 2010; Avdic¢ 2013). Citations
located through searches in the open Web, conducted in Google and Google
Scholar, can extend understanding of the use and influence of an organiza-
tion’s reports related to subjects relevant to ICOM, since such citation data
are not restricted to scholarly literature as is the case in Web of Science and
Scopus. For example, in an extensive search for citations to biennial editions
of FAO's flagship publication, State of World Fisheries and Aquaculture, Avdié
(2013) found many citations in searches conducted in Google Scholar that
were not found in Web of Science or Scopus.

Citation data provide details that can characterize information use such as
the geographical range and the time scale as determined by the author(s) of
a citing document, the geographic location and institutional affiliation of the
citing author(s), the types of citing source, for example, other research jour-
nals, and details of the timing of a citation after the release of the original
publication, for example, month and year of publication. The level of citation
analysis can also be extended to include a measure of influence by reading
and coding the text surrounding citations in order to identify the reason(s)
for which a publication was cited (Zhang et al. 2013). Studies on the use of
citation analysis acknowledge that while citations are informative indicators
of use of information, authors often do not cite all of the publications that
influenced their research (MacRoberts and MacRoberts1989). In research lit-
erature, especially in the sciences, well-established facts that have been veri-
fied many times, are stated without source attribution, for example, genes
are composed of DNA except in some viruses. As well, text-bibliography dis-
crepancies, that is, incorrectly referenced facts or sources, and excessive self-
citing, are factors that need to be recognized in using citations as an indicator
of awareness, use, and influence of information.

With rise of the web and social media since 2000, alternatives to traditional
citation analysis have been developed. These include webometrics (Thelwall
et al. 2005; Thelwall 2009; Thelwall et al. 2010) and altmetrics (Priem 2013;
Cronin and Sugimoto 2014; Mohammadi et al. 2015). Webometric and web-
based bibliometric studies rely on open access web data or web usage statis-
tics, including web tracking (e.g., the number of visits to a site, page views,
and downloads of publications), web link analysis, and content analysis of
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web pages of organizations (Bar-Ilan 2001; Thelwall 2009, 2011). Analysis of
traffic at a website is now quite easy to undertake with analytical software
such as Google Analytics, but this type of analysis is dependent on the col-
lection of such statistics by an organization. Webometrics can provide evi-
dence of awareness and use of publications produced by organizations, for
example, link searches can be conducted for individual web pages, whole
web domains, or subdomains by typing the URL of the web unit contain-
ing the designated information into the web browser (Soomai, MacDonald
and Wells 2011a). As with citation analysis, web links provide evidence of
use by identifying characteristics of the links to an organization’s website.
This feature of web searching can identify intermediary organizations, or
boundary organizations, and highlight their effect on facilitating awareness,
use, and potential influence of publications. Web link searching provides the
basis for developing network diagrams through an analysis of these links
(Bjorneborn and Ingwersen 2004; Thelwall et al. 2005; Thelwall 2011, 2012).

Altmetrics, a concept first named in 2010, aims to provide “a more expan-
sive view” of the impact of research and other publications (Lin and Fenner
2013). The popularity of recent digital communication channels, such as
Facebook and Twitter, means that understanding the pathways of informa-
tion from production through awareness, use, and influence must consider
these channels. Altmetrics embraces the “Web’s power to disseminate and
filter scholarship more broadly and meaningfully” than previously feasible
(Priem 2013, p. 440). Altmetrics attempts to identify and analyze indica-
tors of impact in terms of views (web page views), discussions (via blogs,
Twitter, etc.), saves (to databases such as Mendeley and Zotero), citations (as
are found in Web of Science and Scopus), and recommendations (reported in
various social media sites). While still evolving, altmetric methods are being
used to measure the impact of research (Bornmann 2015), and to investigate
who is reading research articles (Mohammadi et al. 2015). In the latter study,
for example, the researchers examined data about people who registered in
Mendeley as readers of publications about clinical medicine, engineering
and technology, social sciences, physics, and chemistry.

Social network analysis is increasingly being used to understand the
complexities of information pathways within communities of practice and
systems. The findings have been used to improve cooperation among
researchers, policy makers, and public groups (Berry et al. 2002; Durland
and Fredericks 2005; Midgley and Richardson 2007; Crona and Parker 2011).
Social network analysis focuses on patterns of relations and information
flows among individuals, organizations, and states (see Chapter 8 in this vol-
ume). Analysis of data about the links or connections among these entities
can describe who is interacting with whom and how they are interacting
in the policy process within an organization or external to it. The data for
network analysis are collected by both qualitative and quantitative methods.
For instance, identifying the institutions and persons for network analy-
sis can be undertaken by webometrics; surveys, for example, interviews of
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key informants; content analysis; direct observation at research and policy-
related meetings; and tracking social media usage (Weiss et al. 2011; White
et al. 2015). The output of a network analysis is often a map or network con-
figuration showing each actor’s position in a management network, for exam-
ple, with regard to their roles related to knowledge facilitation and policy
influence (Bodin and Crona 2009; Hanneman and Riddle 2005; Sandstrom
and Rova 2010). Network maps are useful for organizations that may wish to
evaluate or modify their communication and policy development practices
to increase the legitimacy of information to diverse or dispersed stakeholder
groups (Carlsson and Sandstrom 2008; Hanneman and Riddle 2005; Otte
and Rousseau 2002; Sandstrom and Rova 2010; Weiss et al. 2011). The net-
work measures provide a quantitative indication of how much information
an actor receives, how much information he/she produces, and how much
influence he/she has over policy decisions, respectively. Generally, network
analysis may not provide a direct measure of the influence of information
since it cannot fully address whether the technical information contained
in reports is understood, for example, or acted upon (Hartley 2010; Hartley
and Glass 2010). Communication network analysis is a subfield of social net-
work analysis and focuses on the characteristics of specific communication
pathways and the patterns of connections that communication produces, for
instance, e-mail, face-to-face contact, telephone, and ad hoc meetings, among
the actors (Monge and Contractor 2003). Recently, social network analysis
has extended to include social media usage patterns (e.g., White et al. 2015;
Gruzd and Roy 2016). Network analysis may prove to be invaluable to the
ICOM practitioner of the future as it could test or demonstrate how well the
various players and programs are actually integrated and coordinated, and
how information flows (or not) within networks.

11.3.4 Mixed Methods

Each of the previously described methods contributes to understanding of
awareness, use, and influence of scientific information in policy-making.
However, no method alone can fully answer questions about information
use and influence of publications produced for a wide range of target audi-
ences. As a consequence, it becomes necessary to employ multiple methods
in a determination of information use. A mixed methods research design
synthesizes concepts from both quantitative and qualitative approaches to
research. In a mixed method approach a method can be chosen specifically
to fill in the gaps or shortcomings of another. Mixed methods research pro-
vides the means for triangulation or data verification to increase the reliabil-
ity, that is, reduce the uncertainty, of the results.

In mixed methods research, utilizing qualitative methods alone, direct
observations, surveys, discourse analysis, ethnographic techniques, and
content analysis can be used to determine whether scientific information is
considered, what pathways were used to communicate the information, and
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what methods (e.g., e-mail or face-to-face) or formats (e.g., technical report or
briefing memo) were used to communicate the information. These qualita-
tive methods can also determine who the key actors are, what their roles are,
what opportunities and constraints to using scientific information exist, and
what information networks are involved. Often there is interest in address-
ing all of these questions and no single method will be adequate. Surveys,
for example, can be useful for describing information pathways from the
release of information to its use in policy-making. Discourse analysis may be
particularly informative in determining how scientific research is embedded
in policy arguments. Ethnographic techniques can be used to study the cul-
tural norms, beliefs, and organizational structures of organizations related to
information use. Beem (2005, 2007) illustrated the use of such a suite of qual-
itative methods to examine the interplay of institutions, information, and
interests in the development of fisheries policy for management of the blue
crab fisheries of Chesapeake Bay, United States. The objective of the research
was to identify opportunities for learning about the policy process by deter-
mining contacts within a fisheries management system that could facilitate
this learning. Beem (2005, 2007) used systematic comparison through con-
tent analysis, interview data, and personal observations at public hearings
and various relevant workgroups and task forces to determine the role of
institutions, information, and interests in affecting policy learning,.

The mixed method approach is particularly effective in providing the dif-
ferent data sets needed to develop an overall picture of a network in which
different actors or stakeholders operate, for example, government, research
institutions, and industry. For instance, while bibliometric analysis produces
indicators of awareness and use in the form of citations related to an orga-
nization’s publications, webometrics identifies links that indicate collabo-
ration and partnerships between organizations during the production and
dissemination phases of the organization’s reports. Interviews complement
quantitative research methods, for example, webometrics, by verifying and
describing collaboration between organizations. While webometrics identi-
fies the occurrence of collaboration, interviews describe the nature of the col-
laboration in the production of information and in policy-making (Thelwall
2009; Thelwall et al. 2010; Vaughan and Shaw 2003). Interviews also compen-
sate for the lack of robustness of webometrics as a network tool (Otte and
Rousseau 2002; Thelwall et al. 2010). Furthermore, network analysis utilizes
data from surveys, observations, content analysis, and discourse analysis to
highlight the actors who provide or receive the most information, those who
have the most or least policy influence, the most prominent brokers who cre-
ate links between other actors, actors with overlapping roles and functions,
and, overall, how well connected actors are, based on knowledge exchange
and policy influence.

Assessing the impact of research on user communities, for example,
policy makers, often requires a case-based approach with a diversity of
research methods. A multiple case study approach is preferred over a
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single case study as comparisons and generalizations on particular aspects
of information use can be made. Still, single case studies may be particu-
larly informative due to the depth of analysis that mixed methods offers.
Common case-based approaches used in the study of information pathways
involve forward-tracking or backward-looking studies (Nutley et al. 2007).
In forward-tracking studies, qualitative methods can highlight the nonlinear
interactions within policy-making, while quantitative methods can highlight
the linear pathways between research products and policy output (Nutley et
al. 2007). Approaches that highlight the linearity of movement from research
output to assessment of impacts tend to simplify the complexity of the pro-
cesses at work in the uptake of research into policy-making. Assessing the
impact of a particular research source on policy choices may be problematic
as the research that feeds into policy-making is synthesized with other types
of knowledge and expert opinions and may not be easily isolated (Nutley
et al. 2007).

11.3.5 Issues in Data Collection

Since the information pathways and decision-making processes in ICOM
are extensive and varied (see Chapter 9 in this volume), undertaking stud-
ies of information awareness, use, and influence presents many ques-
tions about where to begin and what to measure. As noted above, mixed
research methods can be used to address some of these questions more
effectively than reliance on a single method. Deciding what to measure is
particularly important. One may be interested in tracking the movement
of information products of various formats, examining the channels and
methods of communication, determining the actors involved, considering
the decision-making processes at local to international levels, or examin-
ing attitudinal, cultural, and political factors influencing the selection of
information and decisions. As well, there are other elements of informa-
tion life cycles and ICOM activities to consider. In other words, a size-
able number of variables warrant investigation and they may co-vary,
complicating which methods to use. Deciding on what use and influence
mean and which indicators should or could be employed is generally not
a simple matter.

Another decision is when to measure, since use and influence can change
over time after a particular scientific publication is released. The researchers
who contributed to a report, or the policy makers who received it, may have
relocated or been reassigned to other portfolios. Identifying the key policy
makers and decision makers who can recall how research was used may
be problematic for the same reasons. Establishing and achieving a sample
size appropriate for a method of measurement may not be straightforward.
Samples sizes for qualitative studies are often smaller than numbers required
for quantitative methods, but not necessarily easier to obtain, particularly if
interviews are required. A lengthy period of trust-building may be needed
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to gain access to decision makers. Some actors may simply not be accessible
until after they have left their positions, as was the case in the research con-
ducted by Lalor and Hick, who interviewed “former Environment Ministers
(senior politicians) and Department Secretaries/Deputy Ministers (senior
public servants) to better understand the role of science-based knowledge
in the Executive decision-making processes of Westminster-based govern-
ments” in Australia and Canada (Lalor and Hick 2013, p. 767).

Sampling techniques may depend on the assistance of participants. For
example, network-based sampling, such as snowball sampling, in which
respondents refer the researcher to other respondents, is quite common in
qualitative research. In such cases, the researcher has to begin a study with
the assumption that a snowball technique will work. Research completed by
Soomai (2015) demonstrated the effectiveness of internships, which allow a
researcher to be embedded as an observer within case study organizations.
A physical presence within the organization facilitates gaining the trust of
the staff and thereby increases their willingness to be interviewed and pro-
vide access to meetings for direct observations. Gaining the trust of the staff
in the respective offices can support the opening up of opportunities for
additional data collection within the organizations.

The ethical implications of research have to be considered when people
are the focus of investigation. In interviews and observations of scientists
and policy makers, for example, opinions may reflect professional views on
awareness and use of scientific information and not include any personal
opinions, which may be quite important. Potential respondents must be
given the opportunity to accept an invitation to participate in the research
through informed consent, while being ensured that their responses will be
used only within the context of the research. Survey methods, such as web-
based surveys, can be designed to guarantee the anonymity of individuals
or groups who participate, but such methods limit the opportunity to probe
responses that may be vague or difficult to interpret. While ethical issues
are less likely to arise when publicly accessible data are used, other issues
may present difficulties with regard to cost or time required to analyze the
data. In the case of citation analysis based on Google searches, for example,
cleaning the data can be exceptionally time-consuming since every hit, which
may number in the thousands, needs to be examined to verify and extract
relevant data. Meho and Yang described this process as “grueling” (Meho
and Yang 2007, p. 2105).

11.4 Conclusion

Understanding of the role(s) of information in ICOM and the influences of
new information technologies on ICOM practitioners and practice is not
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yet well advanced. This is possibly because the ICOM processes play out
in many different contexts, involving many factors, and information behav-
ior activities are quite complex (see Chapters 7 and 9 in this volume). Thus,
research investigating this field may be limited to date by the sheer dimen-
sions of the phenomena.

Itis clear that no single method of measuring information use and influence
will result in comprehensive understanding of information-related activities
at the science—policy interface. Each method discussed above can contribute
to that understanding and, in fact, can be employed in particular studies since
it may be the best approach for addressing a particular question and types
of data selected as indicators of information use and influence. In general,
though, a mixed methods approach is called for, which may be achieved by
pursuing numerous case studies employing different measurement methods
as appropriate and then conducting meta-analysis of the results of all of the
individual cases. Mixed methods are necessary because ICOM encompasses
many different actors. For example, there are scientists, program manag-
ers, and policy makers, as well as traditional groups and other stakehold-
ers in policy-making, for example, NGOs and industry groups; different
levels and jurisdictions of decision-making, for example, operational and
policy levels, in local, national, and international contexts; different types of
decision-making, for example, operational or strategic; and different formats
of information developed for purposes and introduced at different stages in
decision-making.

Since rapidly changing technologies are affecting information behav-
ior and communication patterns, sometimes dramatically, the methods
described in this chapter may require modification to attend to new devel-
opments. Nonetheless, this suite of methods could be incorporated into a
tool kit that could be employed in case studies and larger research initia-
tives. The research strength of the suite draws on a combination of quali-
tative and quantitative methods. Advancing understanding of the use and
influence of information in ICOM will help to resolve problems encountered
at science—policy interfaces, and ultimately contribute to informed decisions
that address the significant environmental challenges in the world’s coasts
and oceans.
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12.1 Introduction

The 1972 United Nations (UN) Conference on the Human Environment
(United Nations 1972) recognized that effective environmental manage-
ment needed to be conducted on a global scale and supported by the best
available scientific information. Since the conference’s declaration, vari-
ous governments, nongovernmental organizations, and intergovernmental

283



284 Effective Coastal and Ocean Management

partnerships have sought to address the latter need by producing State of
the Environment (SOE) reports, beginning with Ward and Dubos’s Only
One Earth, the unofficial report commissioned for that conference (Ward
and Dubos 1972). Though SOE reports vary widely in scope, they generally
share the purpose of providing a comprehensive aggregation of available
scientific information for a particular ecosystem, written clearly to facilitate
understanding and focusing on information relevant to the management
and policy issues affecting that ecosystem.

Over 40 years later, in the face of worsening global environmental con-
ditions driven by advancing anthropogenic climate change, the need for
effective environmental management informed by high-quality scientific
information is greater than ever. But are decision makers aware of the avail-
able scientific information that could support solutions to environmental
problems? Are SOE reports actually being used for their intended purpose?
If not, what steps can be taken to raise awareness and encourage use of such
reports in the relevant communities of practice? Answering these questions
has become a growing concern (Wells 2003; Mitchell et al. 2006) and, with
environmental conditions projected to worsen in the near- and medium-
future, time is of the essence for addressing this concern.

12.2 The Eastern Scotian Shelf Integrated Management
Initiative and the State of the Scotian Shelf Report

This case study sought to investigate the above questions by focusing on
one particular SOE: the State of the Scotian Shelf Report, a product of the
Canadian Department of Fisheries and Oceans’” (DFO) Eastern Scotian Shelf
Integrated Management (ESSIM) Initiative.

Canada’s Oceans Act (1996, s. 30) called for a management strategy based
on the principle of “integrated management of activities in estuaries, coastal
waters and marine waters that form part of Canada or in which Canada
has sovereign rights under international law.” Following the Act’s passage,
various integrated coastal and ocean management (ICOM) initiatives were
developed across Canada. Founded in 1998, the ESSIM Initiative was the first
of these ICOM initiatives to take an offshore focus (McCuaig and Herbert
2013), as well as the first to be established in the Atlantic region.

The ESSIM Initiative’s jurisdiction encompassed the Eastern Scotian Shelf
and Slope, an oceanic region of approximately 325,000 km? off the eastern
coast of Nova Scotia. This region was selected for an ICOM initiative for a
variety of reasons, including its high levels of living and non-living natural
resources and diversifying human use in recent years. The initiative sought
to bring regulators and policy makers together with regional industry sec-
tors and other stakeholders with a vested interest in the management of the
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region’s resources to develop a management plan that would provide “long-
term direction and commitment for integrated, ecosystem-based and adap-
tive management of all marine activities in or affecting the Eastern Scotian
Shelf” (McCuaig and Herbert 2013, p. viii). The development of this plan was
the primary activity for the first eight years of the initiative.

Following the completion of the ESSIM Plan, the Initiative reoriented its
efforts during 2006-2011 toward the implementation of the strategies and
management actions identified in the Plan, as well as developing a strat-
egy for evaluation of the Initiative’s progress toward its planned objectives
(McCuaig and Herbert 2013). It was during this period that the SOE report-
ing that would form the basis of the State of the Scotian Shelf (SoSS) Report
was initiated. The intention was that the information produced would pro-
vide knowledge support to the ESSIM participants and, eventually, contrib-
ute to the evaluation of the Initiative’s progress.

The SoSS Report had the benefit of drawing on the development process,
format, and even personnel of the State of the Gulf of Maine Report, a project
that provided a strong example of how to produce a large-scale regional SOE
with limited resources (Gulf of Maine Council on the Marine Environment
2010). Like the State of the Gulf of Maine Report, the SoSS Report was
developed in consultation with stakeholders in order to enhance its credibil-
ity, legitimacy, and salience in the eyes of likely users (Mitchell et al. 2006).
Likewise, the SoSS Report was developed for public release in a modular
format, with a context document and a series of theme papers focusing on
relevant topics (e.g., ocean acidification and marine waste and debris), while
a large-scale technical report was produced for internal purposes (McLean
et al. 2013). To reduce financial outlays and enhance the convenience of
distribution, the report’s producers chose to publish the report in an online-
only, digital format via a partner organization, the Atlantic Coastal Zone
Information Steering Committee (ACZISC), and its COINAtlantic website.
The context document and theme papers were developed and published
over a period of 2 and a half years.

Like the ESSIM Plan itself, the SoSS Report was developed with input from
ESSIM'’s Stakeholder Advisory Committee (SAC). This committee included
representatives of the shipping, fishing, petroleum, and telecommunications
industries; officials from the municipal, provincial, and federal levels of gov-
ernment; representatives from First Nations (aboriginal) organizations; as
well as members of community, environmental, and historical preservation
groups. SAC was involved in defining the scope of the SoSS Report by iden-
tifying appropriate theme paper topics, while a steering committee drawn
from the organizations represented by SAC played a more active role in
approving drafts and finalizing papers. Table 12.1 provides a detailed over-
view of the editorial process for the theme papers.

The period of the report’s development coincided with the completion of
ESSIM’s implementation planning (McCuaig and Herbert 2013). The ESSIM
Plan had been submitted for the federal minister’s approval two years earlier.
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TABLE 12.1
Drafting Process for the State of the Scotian Shelf Report Theme Papers

Task Participants

Review of scope of papers and Driving forces, Pressures, Coordinator and authors
States, Impacts, and Responses (DPSIR) framework

Draft table of contents Authors

Review of draft table of contents, DPSIR Steering committee

Draft theme papers Authors

Steering committee and peer review Peer reviewers, steering committee

Authors incorporate review comments Authors

Approval by coordinator and/or steering committee Coordinator, steering committee
(if needed)

Layout Contracted graphic design firm

However, while the development of the SoSS Report was still underway, it
became clear that the federal Minister of Fisheries and Oceans would not
provide final approval for the plan. As a result, the Initiative concluded with
a formal review and evaluation in 2012. Despite this termination, interest
in proactive governance in the Scotian Shelf has continued, most recently
with the release of a Regional Oceans Plan for the region and with a section
of the region being considered for the development of a network of marine
protected areas (Department of Fisheries and Oceans 2015).

Though its original intended primary audience and purpose were lost
with the conclusion of the ESSIM Initiative, the SoSS Report was completed
and published to provide decision-making support to regional stakeholders,
even in the absence of a multistakeholder management program. As origi-
nally planned, this publishing effort was a digital-only strategy, carried out
by the co-publisher, ACZISC, via its COINAtlantic website.

During the publication of the report, DFO approached the Environmental
Information: Use and Influence (EIUI) research program at Dalhousie
University (www.eiui.ca) to conduct a study assessing the awareness and use
of the report in the relevant communities of practice. The context document
and most of the theme papers had been released before the study began; by
the study’s close, all the theme papers had been released. This study also
investigated how users from different potential audiences make use of the
report and what qualities these users look for in a SOE report.

12.3 Identifying Useful Scientific Information

One of the most significant challenges to assessing the use of any information
product is defining exactly what it means to “use” a piece of information. One
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example of research use is a policy maker directly citing a piece of research
while drafting a policy. However, Nutley et al. (2007, p. 34) propose that infor-
mation is “often used in much more indirect, diverse and subtle ways,” which
are commonly referred to as conceptual, rather than instrumental, uses.

A piece of research may have an impact by shaping a policy maker’s under-
standing of an issue, even if that research does not play an instrumental role
in the writing of the final policy. Research may be used ex post facto to support
a decision that has already been made, or may be used by opposing politicians
and policy makers to critique a decision they disagree with (Nutley et al. 2007).
For this reason, Nutley et al. (2007) present a continuum of research uses (see
Figure 11.1), ranging from generating awareness and improving knowledge and
understanding at the more conceptual end to shaping attitudes and percep-
tions and directly impacting policy at the more instrumental end. According to
Nutley et al. (2007), this spectrum is further complicated by the facts that policy
makers are not the only audience that may make use of research—they offer
teachers as a prominent example—and that the other users may ultimately
have indirect effects on policy through their own use of research.

Drawing on work by Greenberg and Mandell (1991), Nutley et al. (2007)
present a spectrum of information use that subdivides conceptual and con-
crete usages into three further subcategories: substantive, elaborative, and
strategic. Concrete-substantive use involves the use of information to shape
the essence of a decision, while conceptual-substantive use implies that
a particular piece of information is essential to forming the user’s under-
standing or orientation toward an issue (Nutley et al. 2007). Elaborative use
of information is more peripheral: on the concrete end of the spectrum, it
involves using information to further refine an established position and, on
the conceptual end, it involves using information to enhance an established
understanding of an issue. Strategic use does not involve shaping either posi-
tions or understanding. Rather, concrete-strategic use involves enlisting a
piece of information as argumentative support to justify or defend a position
that already has been developed.

The question of whether SOE reports are read or referred to by environ-
mental managers and other policy makers and whether they ultimately have
an impact on decision-making raises an obvious corollary: what character-
istics define a SOE report as an effective information resource? As McNie
(2007) notes, useful scientific information will inherently improve environ-
mental decision-making by expanding the range of possible solutions to an
issue and enabling policy makers to make informed choices; however, this
requires an understanding of how scientific information becomes useful. The
system by which traditional academic scientific information is established as
useful is well-known: research that passes a rigorous peer review process
and is published in a reputable academic journal has been determined to be
a useful contribution to scientific enquiry (Cronin 2005). Obviously, to date,
no such single system exists to determine the value of SOE reports, which are
produced outside of these traditional academic channels, to policy makers
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and other stakeholders in environmental management, whose information
needs are diverse and whose interests in the issues may be divergent or even
diametrically opposed (Ernst 2004; Jacobson, Lisel et al. 2013; Shanley and
Citlalli 2009). Hence, researchers studying the impact of SOE reporting have
sought to establish metrics by which the usefulness of scientific information
to decision makers can be evaluated. One common metric considers the bal-
ance of a report’s salience, legitimacy, and credibility (McNie 2007; Mitchell
et al. 2006). McNie defines salient information as information that is relevant
to the information needs of users (McNie 2007). In order to be considered
legitimate, an information product must be created by a process that users
view as free of political bias and that reflects the interests and concerns of
all affected stakeholders (Mitchell et al. 2006). Credible information products
must be perceived by users as presenting scientific knowledge with accuracy
(Mitchell et al. 2006).

A recurring theme in the discussions of salience, legitimacy, and credibil-
ity highlighted above is that the process by which a SOE report is developed
can have as much impact on the usefulness of its scientific information as
the content of the product itself, a point made strongly by Wells (2003). This
impact is particularly pronounced if the process involves stakeholders who
are in the report’s prospective audience. Indeed, Mitchell et al. (2006, p. 308)
go so far as to declare that SOE reports are “better conceptualized as social
processes rather than published products.”

Mitchell et al’s (2006) conclusion that the process of generating SOE
reports is as important, if not more important, than the reports themselves
extends from their observations of the interplay between the SOE attributes
of salience, legitimacy, and credibility. The most common cause of this inter-
play resulting in the detriment of a SOE report’s usefulness is an overem-
phasis on credibility, manifested in allowing the process to be exclusively
controlled by scientists and attempting to remove all political influence
from the process. This attempt to remove political influence from a process
that is explicitly intended to influence the public in general, and politicians
and policy makers in particular, is antithetical to the success of the report’s
goals: such a report may very well fail to address the relevant concerns of
policy makers and the public (Mitchell et al. 2006). Notably, the reverse can
also occur; for instance, in attempts to generate highly salient information
without adequately consulting the scientific community, scientists may be
forced to make recommendations based on incomplete or premature results,
thus raising questions about the credibility of the information contained in
a report (Mitchell et al. 2006). Furthermore, attempts to foster legitimacy can
come at the expense of credibility. Mitchell et al. (2006) note that involving
stakeholders who can represent the views of the report’s audience can result
in the report being viewed as less than credible by other scientists and even
some policy makers.

Mitchell et al. (2006) note that attempts to generate influential reports do
not necessarily have to involve trade-offs between attributes. In fact, effective
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involvement of local stakeholders in the development of SOE reports can cre-
ate a positive feedback loop among the attributes. For instance, in the case of
the movement to combat acid rain, the effort to improve salience and legiti-
macy by increasing stakeholder participation in SOE creation had a salutary
effect of improving the credibility of said SOE reports, as they were able
to complement scientific research with quality local knowledge (Andonova
2006). Effective engagement of stakeholders alongside scientists in the pro-
cess of generating SOE reports can thus improve all three attributes simulta-
neously, resulting in reports that maximize their value and impact (Mitchell
et al. 2006).

As noted above, it is this potential mutual reinforcement of attributes that
leads Mitchell et al. (2006, p. 324) to two complementary conclusions: that
“influence flows from the process by which it creates knowledge rather than
from the reports it may produce” and that, thus, “the content and form of
[SOE] reports are poor predictors of their influence.” They propose abandon-
ing the existing model of the SOE reporting process that relies on scientists’
attempts to communicate the best available scientific information to audi-
ences, and replacing it with a model that views the SOE reporting process
as relying on extended interactions focusing on mutual education between
scientists and stakeholders.

Stakeholder participation in the SOE reporting process, if conducted effec-
tively, ultimately fosters all of the attributes of successful reports: salience,
since the involvement of policy makers and other stakeholders allows sci-
entists to focus their efforts on presenting the scientific information that
provides the best decision-making support for the actual decisions under
consideration; legitimacy, because extended dialogue between scientists and
end-users serves to reassure those users that their concerns are being taken
into account in the review of the relevant scientific information; and credibil-
ity, because those stakeholders—industrial or otherwise—who are perceived
as responsible for the environmental problem(s) being addressed can pro-
vide valuable data that is otherwise unavailable to scientists, while the per-
ception that their concerns about the process are being heard reduces their
distrust of the knowledge produced by the SOE reporting process (Mitchell
et al. 2006). A similar cooperative approach to the production of knowledge
in SOE reporting was a key recommendation by Battaglia et al. (2013), which
endorsed a growing trend toward hybrid approaches to knowledge produc-
tion that aim to synthesize expert and local knowledge.

12.4 Methodology

This case study of the State of the Scotian Shelf Report had the benefit of
drawing on an established body of work by the EIUI research program for
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its methodological design (see wwwe.eiui.ca). Previous EIUI studies of the
awareness and use of information utilized a range of methodologies: both
qualitative—surveys and interviews with relevant individuals in the com-
munities of practice (Cossarini et al. 2014; Soomai, MacDonald and Wells
2011); and quantitative—citation searching and analysis conducted via both
academic databases, such as Web of Science, and mainstream search engines,
such as Google (Cordes 2004; Hutton 2009).

To best assess the awareness and use of the SoSS Report, a mixed methods
approach was adopted, with quantitative data from citation searches and web
traffic statistics providing context for the findings of surveys and interviews
with key audiences for the report (Brannen 2005). Citation searches in the
major academic resources Web of Science and Google Scholar, and web traffic
analysis of the report’s online home at COINAtlantic (www.coinatlantic.ca)
provided the quantitative context for the study by supplying direct evidence
of access to and use of the SoSS Report. These quantitative data sources are
explained at length by Ross (2015). Online surveys were distributed to two
audiences for the report: the subscribers of ACZISC’s Coastal Update e-news-
letter—the primary venue for promotional notices for the report—and the
former members of the ESSIM SAC. For additional insight into both the devel-
opment of the report and its reception among its primary stakeholders, all
members of the ESSIM SAC were also invited to participate in semi-struc-
tured interviews. Following completion of the interviews, participants were
assigned a participant code to conceal their identity. The interviews were
transcribed and then coded to identify common themes among respondents.

12.5 Results

In total, 66 Coastal Update subscribers and 14 ESSIM SAC members responded
to the online surveys discussing their awareness and use of the SoSS Report,
while 8 members of the ESSIM SAC participated in interviews focusing on
their role in the report’s development and their assessments of the report fol-
lowing its publication.

12.5.1 Use of the State of the Scotian Shelf Report

The results of the surveys and interviews provided an excellent demonstra-
tion of the conception of information use as a broad continuum as proposed
by Nutley et al. (2007). The responses of participants—both interviewees and
survey respondents—highlighted uses that fall across the spectrum of con-
ceptual to concrete usage, while also emphasizing that the SOE reports are
potentially useful to a variety of audiences in government, education, public
advocacy, and industry.


http://www.eiui.ca).
http://www.coinatlantic.ca
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12.5.2 Use of the Report for Government Purposes

Nearly all interviewees identified government officials—both elected
politicians and civil servants—as primary audiences for SOE reports.
While it was generally assumed that government users would be those
individuals with jurisdiction over the ecosystem covered in the report,
two survey respondents from outside the Scotian Shelf region indicated
that using the SoSS Report would broaden their understanding of ICOM
and SOE reporting efforts in other regions. Table 12.2 depicts the range
of potential ways in which those individuals perceived reports being
used.

The SOE reports are often conceived as primarily intended for use by gov-
ernment officials and managers. As the responses show, the reports are seen
as useful throughout planning processes, as planning aids during the con-
ception stage, as argumentative support when presenting plans to decision
makers, and, following a plan’s execution, as tools to evaluate their success.
This last role highlights an observation many participants made regard-
ing the value of SOE reports: reports increase in value over time if they are
updated periodically because the succession of snapshots can be analyzed to
evaluate ecosystem trends.

TABLE 12.2
Uses of the SoSS Report for Government Purposes
Subcategory of Use
Category
of Use Strategic Elaborative Substantive
Conceptual  Outreach tool from Reference for governments ~ Compendium of
government to interested in past ICOM salient policy issues
stakeholders in the efforts to clarify potential
region, demonstrating actions to policy
that the government makers
understands
stakeholders’ concerns
Concrete Argumentative support  Information resource to Reference document
for managers help designate potential for policy makers
advocating for or species at risk, marine involved in
defending protected areas, and planning in
management decisions ecologically and an ICOM context
biologically significant Information resource
areas for conducting risk
Information resource for assessments and
consultants providing environmental
advice to industry groups. impact assessments

Evaluative tool for
measuring the success, or
lack thereof, of established
environmental
management plans
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12.5.3 Use of the Report for Public Advocacy

Potential users identified in the nongovernmental public sphere included
community groups, environmental activists, First Nations groups, nongov-
ernmental organizations with an environmental focus, and members of the
interested public. The three potential uses of the report for public advocacy
identified by participants were public education efforts by activists raising
awareness of environmental issues, similar efforts to raise awareness of
actively debated management and policy issues, and efforts by interested
individuals to educate themselves regarding salient local issues.

Such uses are difficult to classify using the schematic presented by
Nutley et al. (2007) (see Chapter 2 in this volume) because, while they are
predominantly substantive-conceptual uses, their application to advocacy
efforts lends them a substantive-concrete dimension. Indeed, one interview
participant, a member of an advocacy group interested in coastal issues,
argued that scientific information presented in language that is comprehen-
sible to nonscientists is not just an aid to effective participatory democracy,
but an essential precondition for it. The participant noted that environmen-
tal management initiatives typically involve public consultations in affected
communities, but that

there’s a whole crowd of [members of the public] that might have an
interest, but ... they know they don’t know anything much about it.
Theyre concerned, but theyre not confident about it ... [they] don’t have
the confidence to speak up, to write a letter to the government, or to par-
ticipate in these things, because they just feel ignorant.

Both interviewees representing community groups specifically identified
the Report as a support to democracy; it serves the stated interest of the gov-
ernment to encourage citizen participation and input to democratic decision-
making, as well as the interests of members of the public who wish to give
input but feel ill-informed to express their opinions to managers and policy
makers.

12.5.4 Use of the Report by Industry Groups

One interviewee, who was closely involved in the development of the SoSS
Report, expressed skepticism about its potential use by industry stakehold-
ers. Furthermore, questions about the commitment of particular industries
to both the use of scientific information and participation in the ICOM pro-
cess were also raised by other industry stakeholders. Despite this view,
participants representing the fisheries, shipping, and oil and gas industries
all identified themselves as potential users of the report. Furthermore, one
participant representing industry stakeholders directly confirmed use of the
SoSS Report in the development of recommendations to industry decision
makers.
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Echoing themes expressed by the community representatives interviewed
for this study, two of the interviewed industry stakeholders noted that SOE
reports address an information need that may otherwise go unfilled. One
participant stressed the value to industry stakeholders of having baseline
information from a credible government source. The participant noted that
in the absence of government-provided scientific information, industry orga-
nizations may have to rely on less credible information provided by con-
sultants, rendering it more difficult to make effective, evidence-informed
decisions. The need for credible scientific information may be even more
urgent in the case of industry groups. Whereas the absence of such infor-
mation for the public results in nonparticipation, the lack of such informa-
tion for industry may not result in a reduction of their activity, but simply a
reduction in the degree to which that activity is being planned with refer-
ence to relevant and sound scientific information.

12.5.5 Use of the Report for Educational Purposes

Participants identified a range of potential audiences for SOE reports in the
educational sector, most prominently students and educators at the high
school and university level, but also academic researchers. Such audiences
were seen as including both scientific and environmental management
tields. Two survey respondents specifically noted that the SoSS Report was
used as assigned reading in environmental management classes where they
were students, suggesting that use of the report for educational purposes
may also promote awareness and use of the report by future environmental
managers. Table 12.3 presents the potential educational uses identified by
participants.

Two interviewees expressed the view that the information contained in
SOE reports was unlikely to be useful to researchers in scientific fields, as
these reports tend to provide broad overviews of established knowledge.
However, two other participants argued that such reports could be useful

TABLE 12.3
Uses of the SoSS Report for Educational and Research Purposes
Subcategory of Use
Category
of Use Elaborative Substantive
Conceptual  Starting point for future research, Educational tool for science teachers at
due to comprehensive list of the high school level
references Educational tool for university
professors in the subjects of marine
and environmental management
Concrete Authoritative reference for scientists ~ Testing of baseline information in the

and researchers seeking to report in subsequent research
establish accepted environmental
conditions in primary literature
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references for scientists looking for authoritative sources describing baseline
conditions of an ecosystem as background for a study or experiment. This
suggestion is consistent with recent research by Avdi¢ (2013), who found that
the UN Food and Agriculture Organization’s The State of World Fisheries
and Aquaculture biennial report was most likely to be cited in the introduc-
tion of a scientific publication to establish the authoritative baseline data.

12.5.6 General User Satisfaction with Form and Content of the Report

The wide range of potential audiences and uses for SOE reports represents
a challenge to producers. Teams creating such reports must design a single
document (or single collection of documents, in the case of modular reports
like the SoSS and the State of the Gulf of Maine reports) that translate scien-
tific information into language that is comprehensible and useful for users
that have divergent needs, interests, and familiarity with environmental sci-
ence. In light of this challenge, it is notable that responses to the surveys
and interviews reported a generally high level of satisfaction with the SoSS
Report’s format and content.

Interview participants generally expressed satisfaction with the writing
level and scientific credibility of the report. Five interviewees, representing
government, industry, and community stakeholders, explicitly identified
the report as being written at an appropriate technical level for its intended
audiences: in the words of one participant, the Report was written at a level
that the general reader “who doesn’t have a scientific background would
still understand,” while still having enough depth—that is, detail and
interpretation—to serve the needs of professionals in coastal and ocean
management. To the extent that participants had recommendations for
improving the content of the Report, the focus was on expanding the geo-
graphic and thematic scope of the theme papers in future editions, rather
than making major adjustments to the current information and writing
style.

The modular and digital-only format of the Report was praised by its users
and producers. Users recognized that a modular format facilitates informa-
tion retrieval and saves valuable time by allowing readers to quickly identify
the theme paper that is relevant to their topic of interest, rather than being
forced to skim through a large omnibus document looking for particular
sections. For report producers, the modular format facilitates report produc-
tion by enabling a sectional approach to producing and updating the report,
reducing the size of individual outlays, and easing the process by which
funding is sought.

Participants generally approved of the digital-only version of the Report
for simple reasons: low costs of distribution, ease of accessibility for users,
and the enhanced ability to edit or update documents post-publication.
While some participants expressed concerns about limited access for users
with low technological ability or lack of quality broadband connections, they
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largely dismissed these as a fading concern in an age where Internet use is
widespread and broadband penetration is ever increasing.

12.5.7 Enablers of SOE Report Use

Stakeholder engagement was identified as a major enabler of use of SOE
reports. The results of this study confirm findings by Mitchell et al. (2006)
that effective engagement of stakeholders in the development of information
products enhances the salience, legitimacy, and credibility of those products
in the eyes of users. Participants repeatedly emphasized the benefit of the
availability of scientific information with a government imprimatur, while
many expressed the belief that the product was more relevant to their infor-
mation needs as a result of SAC’s involvement in its development.

Participants further identified the potential of stakeholder engagement to
mediate tensions between different stakeholder groups. Several interview
participants implied a suspicion of the motives, interests, and commitment
of other stakeholder groups involved in the development of the ESSIM Plan
and the SoSS Report. However, despite these misgivings, nearly all inter-
viewees (7 of 8, or 87.5%) expressed trust in the value of the ESSIM Plan and
the SoSS Report, suggesting that they believed that the sum of multiple dis-
senting viewpoints constituted an acceptable consensus that reflected the
interests and information needs of all stakeholders involved in SAC.

In addition to enabling use by improving perceptions of the report’s
salience, credibility, and legitimacy, participants suggested that stakeholder
engagement in the context of an ICOM initiative directly incentivized use of
the report by stakeholders. By confronting stakeholders with the scientific
information that was deemed relevant to the integrated management of the
Scotian Shelf region, DFO was able to indirectly encourage stakeholders to
familiarize themselves with this information and alert their respective orga-
nizations to alter their own strategic planning in preparation for the imple-
mentation of the ESSIM Plan.

12.5.8 Barriers to SOE Report Use

One of the primary barriers to use of the SoSS Report is simple lack of aware-
ness of it. Half of survey respondents reported not being aware of the SoSS
Report prior to participating in the survey. As individuals choosing to com-
plete an online survey on the subject of the SoSS Report are presumably
interested in the topic, this is a notable result. Furthermore, one interview
participant, who was involved in the ESSIM Stakeholder Advisory Committee
and expressed a strong interest in the Report, was unaware that the theme
papers were ever published until halfway through the interview!

In addition to those who expressed their own lack of awareness, many par-
ticipants in the interviews and surveys expressed the view that promotion
for the report had been inadequate. One interview participant identified the
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concentration of promotional efforts solely at the time of publication as the
most significant barrier to awareness, arguing that sustained promotion over
the Report’s life cycle is essential. In this participant’s view, individuals with
a potential interest in the Report may not be interested at the exact moment
of publication, and thus may either ignore the initial promotional efforts or
not remember them at a later date when the Report’s information might be
useful to them.

Two interviewees (2 of 8, or 25%) identified time constraints, particularly
those affecting industry stakeholders, as a significant barrier to their use
of the report. A participant representing the fishing industry stated that
although the report would be helpful for planning and decision-making
purposes, the participant’s organization lacked the resources to incorporate
the Report into its planning process. This perspective emphasizes the identi-
fication of ICOM initiatives as enablers to information use; in the absence of
an incentive to participate in ICOM planning and implementation, organiza-
tions in private industry may not be able to, or may choose not to, allocate the
resources to use available scientific knowledge as a planning aid.

A further barrier to use identified by participants was a lack of confidence
in DFO’s commitment to updating the Report. Again, this view reflects a
previously identified strength of SOE reports: the potential, with regular
updating, for such reports to demonstrate ecosystem trends and aid in the
evaluation of the effectiveness of integrated management actions. However,
if users are not convinced that regular updating will occur, they are less
likely to use the early information to form baselines in their planning. At
present, DFO intends to update the SoSS Report theme papers every five
years. Participants agreed that this was an appropriate time frame for updat-
ing, with most identifying five years as an appropriate cycle prior to being
informed that this was the DFO plan. As such, an approach to address this
barrier to use must focus on establishing how genuine DFO’s existing plans
are to update the Report.

12.6 How Can SOE Report Producers Maximize Use
and Awareness?

One of the practical aims of this study was to develop recommendations for
how the SoSS Report, and other SOE reports, could be better developed and
promoted to maximize their awareness and use. Obviously, producers of
SOE reports have an interest in seeing them used, even more so in an age of
constrained government budgets and strong desire to account for the value
of expenditures. Ensuring that they are being used by a wide range of indi-
viduals and organizations in their target audiences is crucial to maintaining
funding support to continue these reporting endeavors.
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One of the primary barriers identified to the use of the SoSS Report was
that potential users may simply be unaware of the report. This lack of aware-
ness is compounded by the findings regarding the diverse nature of potential
audiences and uses of SOE reports. The SoSS Report was primarily promoted
to an audience of practitioners in the field of coastal and ocean management.
As such, promotional efforts may well have overlooked other potential audi-
ences, such as educators, community activists, and private individuals with
an interest in the management of local ecosystems. Furthermore, as these
promotional efforts were tied to the initial publication of the theme papers,
they are not well suited to maintaining awareness of the report. A gap of
about three years will exist between the publication of the first edition of the
final theme papers to be completed and the second edition of the first theme
papers to be completed.

The primary solution to this lack of awareness, put simply, is to improve
promotional efforts for SOE reports, rather than relying on potential readers
to actively seek out information on the Scotian Shelf via Google searches.
Of course, this step may be far from simple in practice. The diversity of
potential audiences and uses for SOE reports poses a considerable chal-
lenge in identifying appropriate, much less ideal, venues for promotion.
Furthermore, with the rise of digital communication technology, the advent
of social media platforms, and a decline in the readership of traditional
media outlets, promotional efforts must contend with a fractured media
environment in which no avenue of promotion is guaranteed to reach all
potential audience members.

This challenge was reflected in the responses of interview and survey par-
ticipants, who were asked to identify appropriate potential venues for pro-
motion of the SoSS Report and other SOE reports. In addition to the current
Coastal Update promotions, responses suggested press releases to traditional
media outlets, such as local newspapers and television programs; enhanced
use of social media platforms; and direct promotion of the report at relevant
conferences and in university classrooms. Queried about their preferred
social media platforms for promotion, respondents were divided between
Facebook, Twitter, and LinkedIn, with a smaller number of participants also
identifying Yammer, a social networking site for organizations that is owned
by Microsoft. Further suggestions included the distribution of limited-run,
promotional print copies of digital reports and the repackaging of the con-
tent of reports into smaller formats that can be more easily mass-distributed
in a digital environment.

The diversity of suggestions for the best potential venues of promotion
emphasizes that an optimal promotional effort for a SOE report will not be
attained by identifying an “ideal” venue for promotion. Rather, an optimal
effort will depend on broad promotional initiatives through multiple chan-
nels. Report producers must understand the various potential audiences
and uses for their products and target them with the appropriate media in
the appropriate venue: for instance, notices on professional social networks
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like LinkedIn to reach practitioners in coastal and ocean management,
releases to local newspapers and other news media to reach interested
members of the public in areas affected by environmental management
decisions, and direct promotion of the report as an educational resource to
university professors to reach students in the sciences and in environmen-
tal management.

Maximizing the awareness and use of SOE reports requires not only broad-
ening promotional efforts, but sustaining them over time. Awareness is not
permanently achieved at the discrete moment of a report’s initial release:
in the words of one participant, report producers must keep their product
“under the noses of ... the people who would have an interest in it.” Many
interview participants suggested a straightforward solution to increasing
the frequency of promotional notices for SOE reports produced in a modular
format: updating theme papers on a more staggered schedule. If, instead of
updating all theme papers over a two-to-three year period, report producers
updated a select number of theme papers each year, with each theme paper
updated within five years, there could be a steady stream of new releases
offering new occasions for promotion. This result will be particularly benefi-
cial because promotion of one theme paper could serve to maintain aware-
ness of the entire report.

A staggered updating schedule for modular reports will also potentially
serve to increase use of the reports. The most obvious mechanism for this
potential increase is the correlation between awareness and use: while
awareness of an information product does not guarantee use of it, awareness
is certainly a precondition of use. Additionally, a staggered updating sched-
ule can potentially address another barrier to use: audience members” lack
of confidence in the commitment of producers to regularly revise the report
and maintain the currency and salience of its information. Although there
are some short-term drawbacks to this approach—some theme papers will
initially be updated very shortly after the initial publication and may not
reflect much in the way of new knowledge—there is no better demonstration
of a commitment to keep a report current than to begin releasing updated
theme papers.

In addition to addressing current barriers to use of SOE reports, report
producers should seek to capitalize on existing enablers. The most promi-
nent enabler identified in this study was the extent of the benefits of stake-
holder engagement in the production of the report. This finding echoes
similar discoveries by Mitchell et al. (2006) regarding the benefits of stake-
holder engagement in the coproduction of knowledge. However, partici-
pants’ responses went further, suggesting that the benefits of stakeholder
engagement to the value of scientific information products extend beyond
the production process. By providing stakeholders from industry, govern-
ment, and the public with a forum in which they can describe and advo-
cate for their interests and have an opportunity to provide input into the
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environmental management of the region, SOE report producers offer strong
incentives for stakeholders to maintain familiarity with the state of scientific
knowledge of the region. One interview participant noted that SOE reports
enable discussion between stakeholders because they provide a common
baseline of accepted data regarding environmental conditions, ensuring
that “everybody’s working from the same song sheet.” To extend this meta-
phor, an active ICOM program provides the choir with space to rehearse,
thus enhancing the value of the common song sheet. Awareness and use of
SOE reports, and thus the ultimate impact of scientific information upon the
development of policy and management plans, will be far greater if active
efforts are made to engage users and encourage them to recognize the value
of SOE reports to policy issues and management functions. The significance
of the development process to the usefulness of a SOE report does not termi-
nate when the process is finished, but continues via the processes used in the
application of that information to policy issues by stakeholders.

In the particular case of the SoSS Report, the ICOM ship has sailed, as the
ESSIM Plan was completed in 2008 but ultimately was not fully implemented
by the participants in the process, including DFO, other government depart-
ments, and industry sectors (McCuaig and Herbert 2013). Though some par-
ticipants expressed the view that an ICOM plan for the Scotian Shelf region
will eventually come to pass in a different form, any present attempts to
further engage stakeholders regarding the SoSS Report will need to take
place outside the context of ESSIM. One approach would be to invite former
members of SAC to participate in the steering committee’s updating process
for the SoSS Report. If the earlier recommendation to update the report on
a more staggered basis was adopted, this re-engagement could take place
on an annual basis and focus on those theme papers that were due to be
updated. In addition to complementing promotional efforts by maintaining
awareness of the report among key stakeholders, this process would also
benefit future editions, as participants offered suggestions for improving its
content, particularly by expanding its range of themes and its geographical
scope.

12.7 Conclusion

What is the value of a SOE report? They are often developed with an eye
toward their application in policy-making and environmental manage-
ment. Accordingly, studies such as this one have generally focused on
their use as decision-making aids by policy makers and managers (e.g.,
Mitchell et al. 2006; Soomai, Wells and MacDonald 2011). However, while
the application of scientific information to policy formation demands
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further investigation (see Chapters 2, 3, and 9 in this volume), the results of
this study demonstrate that the value of SOE reports extends well beyond
their direct use in policy- and decision-making.

A major finding was that SOE reports serve a wide variety of uses for a
wide diversity of audiences. One interviewee, who represented a commu-
nity group on SAC, noted that SOE reports contain scientific “information
that people—the average person—can read, and after reading several sim-
ilar things, get a general idea about the status of things” and went on to
observe that that kind of information is “not as common as you'd think.” The
SOE reports address a widely held demand for summary information not
met by producers of primary literature or private sector organizations. The
wide-ranging demand for salient, credible, and legitimate scientific informa-
tion that is comprehensible to nonscientists is best addressed by the sorts of
governmental, nongovernmental, and intergovernmental organizations that
produce SOE reports. As the results of this study show, users consider sci-
entific information provided by the government to be inherently legitimate
and credible, particularly if it is developed with the participation of regional
stakeholders.

By providing this sort of scientific information to the public, SOE report
producers within government fulfill many roles that are secondary to the
primary aim of supporting evidence-based policy and decision-making.
However, even these secondary purposes may ultimately contribute to the
primary objective, as the availability of scientific information that is compre-
hensible to nonscientists is a prerequisite for constructive engagement in the
policy-making process by industry stakeholders, environmental advocates,
and the interested public. A SOE report cannot compel a citizen to attend
public consultations regarding an environmental management plan, but a
citizen who is able to educate him- or herself regarding the status of a local
ecosystem is, as the interviewee quoted above observed, more likely to con-
tribute to such a consultation. Assigning a SOE report as course material for
a student in an environmental management program will not directly affect
policy decisions, but that student in a future career as an environmental
manager will be more familiar with such information resources available to
support decision-making. Furthermore, as SOE reports focus on particular
ecosystems and address policy and management issues alongside scientific
information, they are uniquely well-suited vehicles for building interest and
awareness in affected communities. The process of preparing a SOE report
and making people aware of it can be as important as the final product itself,
as indicated earlier in this chapter. Ultimately, environmental management
efforts, including ICOM programs, are supported by the availability of sci-
entific information to any individual or institution with a stake in the man-
agement of a given ecosystem. Thus, the effective production, publication,
and promotion of SOE reports is essential to the goal of sound, evidence-
informed policy-making and, ultimately, to effective ICOM.
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13.1 Introduction

Ocean shipping is central to the global economy. More than 90% of all goods
transported internationally are carried on the ocean by ships (IMO Maritime
Knowledge Centre 2012). Shipping and other ship-based activities have major
effects on the health of the ocean. Between resource degradation from the
overharvesting of fish, to invasive species introduced to waters distant from
their native habitat, to various types of pollution discharged—intentional or
otherwise—into the water or air as ships transport goods or people, consid-
erable ocean degradation can be traced to the effects of ships.

The interaction between science and policy in addressing environmental
effects of ships is complicated by a number of things. As is true of all issues con-
sidered in this book, the vastness of the oceans makes information gathering—
and policy implementation—difficult. Specific to the issue of shipping is the
large number of ocean-going vessels with the potential to cause environmental
effects, and the long distances many of them travel; simply finding out which
ships are engaging in which activities with what environmental effects can be
daunting. It is also the case that, with the exception of major oil spills, which
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do engage public attention, most environmental problems caused by ships are
out of sight and do not attract the attention of environmentalists or regulatory
agencies, and thus rarely garner the public participation that can be key to
gaining movement on environmental problems.

Communication of scientific information about environmental harm
from ships is thus key to the ability to address or prevent these problems.
Uncertainty about ship behavior and the resulting environmental effects can
influence the type of policy tools used to address these problems. The role
of disasters, such as oil spills or problems from invasive aquatic species, has
been key in increasing public awareness of environmental problems that
often occur far from the public eye. This public concern can help amplify
scientific arguments for policy action, but it can also push for action before
scientific consensus on the appropriate type of action is clear.

Uncertainty is, in some ways, the genesis of most environmental problems
caused by ships. Some of that uncertainty is fundamental: environmental
harm from ships began before we had any real understanding that they
could be problematic. Addressing environmental problems from ships,
therefore, involves addressing ways of doing business that had previously
been seen as nonproblematic but that we have come to understand contrib-
ute to environmental degradation. When ships are operating on increasingly
tight margins, it can be extremely difficult to persuade shipowners to change
behavior if they are not legally required to do so.

For that reason, global cooperation—most frequently accomplished through
the International Maritime Organization—is also necessary. No shipping com-
pany can afford to be the one that undertakes costly changes in operations (for
the sake of environmental protection) while its competitors do not. Ratification
thresholds in most International Maritime Organization (IMO) treaties—in
which treaties do not take effect until a certain number of states, representing a
certain percentage of registered shipping, have been ratified—are an important
way to garner sufficient participation before behavior change is required.

Issues of international cooperation in general also make political solu-
tions to environmental problems more difficult. The inherently international
nature of ocean shipping means that rules that apply to ships are determined
by nation-states in a context in which they have to choose to cooperate. Even
when states do decide to cooperate, emissions from ships are sometimes
omitted from the universe of collaborative agreements on some pollutants
(such as the Kyoto Protocol to the United Nations Framework Convention on
Climate Change). Moreover, for any state that remains outside the interna-
tional regulatory system on a given issue, its ships are not bound internation-
ally by the relevant rules. Even when there is agreement on the underlying
science, concern about suffering a competitive disadvantage by implement-
ing solutions when other states may choose not to can prevent resolution
of these issues. Claiming scientific uncertainty is a time-honored way to
avoid regulation by states that would rather not have to change behavior.
Major disasters, therefore, in which it suddenly becomes publicly obvious
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(for instance) that oil spills from ships are possible and environmentally
problematic, can be an important trigger to tightening rules.

What makes both science and policy more difficult to conduct specifically
with respect to environmental effects of shipping is the broader context of flag
of convenience registration. Because of the way ship registration has evolved,
shipowners can choose to register their vessels in whichever states offer the
least intrusive regulatory environment and the lowest cost. This registra-
tion opportunity puts many ships outside of the regulatory reach of states or
international organizations attempting to protect ocean resources, and makes
collecting even the most basic information about environmentally relevant
behavior of ships difficult. It is, therefore, the case that even when sufficient
information is available to create a nuanced understanding of the contribution
of ships to environmental problems and regulatory processes exist for pre-
venting or mitigating these problems, the number of ships registered in loca-
tions that do not require them to take on environmental regulations causes a
problem for the actual implementation of environmental policy.

In short, research or information can influence our understanding of what
a ship-related environmental problem can be, and contribute to discussion of
desired solutions. But the short-term economic interests that drive the ship-
ping industry have led to a wide variety of creative ways to avoid participa-
tion in policy efforts to respond to or prevent these environmental problems,
and the political reality of efforts to regulate shipping must take account of
this incentive structure. Science, even good science, can be powerless in the
face of legitimate economic incentives.

There is some hope in this issue area, however. First, the primary interna-
tional regulatory body, the IMO, has a reasonably good track record of making
scientifically sound policy decisions pertaining to shipping, even though it can
be slowed down by economic interests. Science has influenced the creation of
rules on both accidental and intentional oil pollution through equipment stan-
dards and air pollution through efficiency standards, and on process require-
ments to decrease transport of potentially invasive marine species. Second, and
more important, is the fact that approaches taken by states and other actors both
within and outside this international regulatory process have made important
strides in increasing the percentage of ships subject in one way or another to
international rules. Although it remains difficult to monitor, implement, and
enforce these regulations, creative efforts have led to improvements on many
environmental conditions influenced by shipping.

13.2 Ship Registration

The key aspect of global shipping regulation is how ships are registered.
All ships have to have a nationality, which determines the domestic and
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international rules by which they must abide, and the political entity that
has oversight and enforcement authority over them. Historically, this nation-
ality was generally the nationality of the owner or captain of the ship, which
was usually the same. Although there were exceptions in times of war or for
other political purposes, this system of congruent ownership and nationality
operated for centuries.

But beginning in the 1920s, and increasingly after World War II, some states
began offering what is known as open registration, allowing ships owned or
operated by non-nationals to register in these locations. The process began
almost as a bureaucratic accident in Panama, but developing states quickly
learned that they could earn income from making their registration attrac-
tive to shipowners by keeping costs (such as registration fees or taxes) low
(DeSombre 2006).

The other way to keep costs down for shipowners was to refrain from
requiring onerous regulations, since pollution control mechanisms or pro-
cesses, or requirements to refrain from discharging pollution, make ship-
ping more costly than operating without concern for the environment. This
issue is even more important for protection of fisheries, since states that are
not bound by fishing regulations are permitted to catch as many fish as
they can by whatever method they choose (DeSombre 2005). Open regis-
tries seeking ship registrations thus initially refrained from joining many of
the major international agreements to protect the environment (or safety) or
labor rights, and their lack of participation in these agreements made oper-
ating a ship flagged in these locations much less expensive than flagging
elsewhere would be. These registries are known, somewhat derisively, as
flags of convenience because the registration is chosen for the convenience of
the shipowner rather than the international community.

After World War 11, the percentage of ships registered in these locations
climbed dramatically (Boczek 1962). Liberia, one of the early open registries,
became the world’s largest in the early 1960s, and it remained so until it was
surpassed by Panama in the early 1990s (DeSombre 2006). Although the desig-
nation of open registry is not clear-cut and it can thus be difficult to designate
a registry as open or closed, it is likely that more than 60% of large com-
mercial ships are currently registered in open registries (George 2013). The
IMO, for instance, differentiates between the top “open” registries—Panama,
Liberia, the Marshall Islands, Hong Kong, the Bahamas, and Singapore—and
the top “controlled fleets,” meaning where the parent companies that con-
trol the ships are located—Japan, Greece, Germany, China, the United States,
and the United Kingdom (IMO Maritime Knowledge Centre 2012).

The broader implication is that ships are registered in locations to which
they have little connection otherwise. The most popular registries have both
lower regulatory standards to begin with, and laxer enforcement of those
standards (Winchester and Alderton 2003). Some of these flag states inten-
tionally refrain from participating in the international regulatory process
and others lack the desire or capacity to implement any international rules.
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This context sets the stage for any efforts to translate knowledge about envi-
ronmental effects of ships into effective protection measures.

13.3 International Regulatory Process

Because the oceans beyond the exclusive economic zone are an international
space, regulatory action for the high seas undertaken by any one state (or its
ships) is doomed to failure. Taking on rules to protect the environment when
other ships do not is insufficient for ocean protection and also a competitive
disadvantage for those who bear the costs of actions when others refrain
from doing so. States have long realized that protection of the oceans is only
achievable through international cooperation.

The IMO is the primary international decision-making body addressing
environmental problems created by ships. The organization (originally called
the International Maritime Consultative Organization) was created in 1948
as a specialized agency of the United Nations. It became fully operational
when its founding convention entered into force in 1958. It was initially seen
as an organization to address maritime safety and related technical issues.
A major coastal spill from an oil tanker (the Torrey Canyon) shortly after the
organization began its operations drew it into greater involvement with the
issue of oil pollution (IMO 2015b).

The main decision-making body of the IMO is the Assembly, which
includes all member states. It generally meets every other year. When the
Assembly is not in session, governing decisions are undertaken by a Council,
whose size has increased over time. Currently, it is composed of 40 member
states elected for 2-year terms by the Assembly. It includes the 10 states “with
the largest interest in providing international shipping services,” as well as
another ten most involved in international seaborne trade, and an additional
20 that ensure geographic diversity (IMO 2015f).

The IMO focuses on a wide variety of issues relevant to shipping, including
things that are only tangentially related to the environment, such as safety
and security. Other treaties, negotiated outside of the auspices of the IMO,
have come to be administered by it. The most important IMO entity for envi-
ronmental protection is the Marine Environmental Protection Committee
(MEPC), which focuses on preventing pollution from ships. The Committee
was not an original part of the organization, but was added formally via a
1975 amendment to the organization’s founding document that entered into
force in 1982 and affirmed the environment as co-equal with safety in the
IMO’s mandate (M'Gonigle and Zacher 1979, p. 48). The Committee, which
operates with representation from all member states, has taken the lead in
negotiations and is working to encourage the implementation of a variety of
treaties and other procedures addressing pollution from ships.
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Also key is the Joint Group of Experts on the Scientific Aspects of Marine
Environmental Protection (GESAMP), formally established in 1969 within
the UN system to advise and coordinate among multiple UN organiza-
tions on issues of the marine environment, the IMO central among them.
GESAMP was designed specifically “to provide authoritative, independent,
interdisciplinary scientific advice” on the marine environment to these UN
organizations. GESAMP was instrumental in moving the IMO toward envi-
ronmental action to prevent oil pollution from ships, and it has played other
important roles in assessing and suggesting approaches to addressing other
problems of the marine environment (Administrative Secretary of GESAMP
2005).

Structurally, the IMO has struggled because of the flag of convenience
phenomenon. The organization’s structure, set up to give the greatest
decision-making power to important maritime states, involves allocating
representation by shipping tonnage registered. For instance, the initial com-
position of the Maritime Safety Committee—the most important technical
committee of the Organization—was set to be 14 states, with eight of them
being the eight largest shipowning states, as measured by ship registration.
The rise of flag of convenience registration would have disenfranchised the
traditional maritime states, as their share of ship registration decreased.
Between the creation of the IMO founding documents and the entry into
force of the treaty, both Liberia and Panama had risen to be among the eight
largest registries, and tried to claim membership on the Committee. The tra-
ditional maritime states opposed this attempt, and the case was eventually
decided in favor of Liberia and Panama by the International Court of Justice
(Knudsen 1973). Perhaps as a result, the IMO expanded the membership on
this Committee via amendments to 16 and then to the entire IMO member-
ship (IMO 2015f).

Despite these changes making the IMO more broadly inclusive, the influ-
ence of states with large registries and incentives to keep the regulatory
environment minimal can lead to a slowness to take action to prevent
potential maritime environmental damage. It should be noted, however,
that the traditional (closed registry) maritime powers that have a central
role in the global economy also seek unencumbered—and inexpensive—
shipping, which works against adoption of stringent international stan-
dards as well.

The organization also allows involvement of nongovernmental organiza-
tions (NGOs), provided they can “reasonably be expected to make a substan-
tial contribution to the work of IMO” (IMO 2013, p. 1). The most numerous
and most influential NGOs that have been granted consultative status are
organizations of shipowners, operators, or others involved with the ship-
ping industry rather than those concerned with scientific or environmental
issues. Environmental NGOs do participate actively in the MEPC, however
(Karim 2015, p. 20), including both general purpose environmental organiza-
tions and shipping industry organizations, such as the International Tanker
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Owners Pollution Federation, which is focused on environmental protection
(IMO 2015e).

The IMO undertakes two sorts of regulatory activities. Many of the IMO
recommendations are issued as codes, such as the Code of Practice for the
Safe Unloading and Loading of Bulk Carriers, or the International Safety
Management Code. These are drafted by IMO committees and the Assembly.
While not legally binding, these codes represent IMO’s wisdom on how best
to conduct operations. Most states implement these codes and other recom-
mendations nationally. The IMO also issues recommendations pertaining
to issues that have not yet been negotiated internationally, and in that way
sometimes serve as a forerunner to negotiation of a legally-binding instru-
ment, or inclusion in modifications of existing agreements.

The primary regulatory activity undertaken by the IMO comes through the
negotiation of international conventions, though technically these are simply
intergovernmental negotiations that are convened by the IMO, rather than
IMO regulations per se. The IMO serves as the secretariat for such instru-
ments and currently oversees more than 50 international agreements and
protocols pertaining to ships, plus amendments. The regulation of marine
pollution has become one of the most important aspects of IMO governance
and this happens primarily through legally-binding agreements.

Most IMO agreements have a double ratification threshold, in which a par-
ticular number of states accounting for a certain percentage of registered
shipping tonnage must ratify an agreement for it to enter into force. For
example, the International Convention for the Prevention of Pollution from
Ships (IMO 2015d MARPOL 73/78) required ratification by a minimum of 15
states that collectively accounted for at least 50% of the gross tonnage of the
world’s registered merchant shipping fleet. Even though members need not
adopt IMO-negotiated agreements, there is a high degree of participation in
IMO conventions, including by the major shipping states. Nonetheless, there
is unevenness in acceptance of international obligations or, more frequently,
implementation of adopted agreements.

A major criticism of the IMO, particularly relevant to the science—policy
interface, is its lack of transparency. Unlike most international organizations
with a regulatory mandate, much of the information it gathers about its con-
ventions and the behavior of its member states is not shared with the public,
although committee documents are accessible. Despite the broader interna-
tional trend for increasing access to data and information from international
organizations, the IMO is one of only a very small number of organizations
that has decreased public access to information rather than increasing it. The
privacy demanded by commercial interests in shipping probably contributes
to the closed nature of the organization, but it does not fully explain this
trend, which severely hinders academic analysis of the science—policy inter-
face or of the negotiations or effects of IMO rules. This approach also seri-
ously hinders public engagement on the issues, which is often a pathway to
bring scientific concerns to broader attention.
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The IMO has, nevertheless, had some important successes. An external
review of the organization conducted in 2001 pointed to successes in passing
increasingly strict regulations in the wake of major accidents, the ability of
the organization to adapt to an increasing international focus on environ-
mental issues, and the decreasing amount of oil pollution from tankers due
both to accidents and other causes (Campbell et al. 2001; GESAMP 2007).

13.4 Port State Control

The rise of flags of convenience made efforts by the IMO or states acting
regionally to protect the oceans from ship-based environmental degradation
much more difficult. Collective action among states to protect a common-
pool resource is difficult enough (Barkin and Shambaugh 1999); it is much
harder for states to agree to (often initially costly) environmental restrictions
to achieve collective benefit if others are likely to remain apart from those
agreements. The resulting measures bear less benefit for those who have sac-
rificed just as much to bring them about, knowing that the possible outcome
makes them less willing to undertake the measures in the first place. The
increase in flag of convenience registration initially dramatically lowered
collective levels of environmental (and safety and labor) protections on
ships globally, as states offering these flags remained outside of the regula-
tory system and an increasing number of ships registered in these locations
(DeSombre 2006).

States that had adopted higher levels of regulation, however, were reluctant
to let others free ride on their action. They were concerned not only about the
decreased benefit from collective action, but also about the additional rela-
tive cost they would have to bear if some ships did not apply these standards.
Those states implemented what has come to be known as port state control
(PSC). This is not a new concept: it simply involves officials from a port state
boarding, inspecting, and, if necessary, detaining a foreign-flagged vessel in
its port. The broad justification for these actions can be found in the United
Nations Convention on the Law of the Sea, which lays out the ability of states
to “establish particular requirements for the prevention, reduction, and con-
trol of pollution of the marine environment as a condition for the entry of
vessels into their ports” (UNCLOS 1982, article 211) and requires that flag
states hold their ships responsible for providing information to port states
that require it for these purposes.

This individual right allows a state to mandate and enforce its own stan-
dards. No state acting alone is likely to have a major influence on collective
standards. States acting together, however, can do just that. At the regional
level, states created a set of memoranda of understanding (MOUSs) that coor-
dinate both the standards expected of ships in ports and an inspections
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process to check that they are being upheld. The MOUs make no new laws
pertaining to ships; they refer to existing international agreements on safety
and environmental protection that ships must uphold, and they do so largely
by incorporating these obligations into domestic law. In the existing MOUs,
port state authorities agree to inspect some percentage of ships that enter
their ports during the course of a year. As a result of the inspection process,
a ship can be found to be “clean” (to pass with no problems), can have some
number of recorded deficiencies, and, if there are enough deficiencies or they
are serious enough, can be detained in port until the most egregious ones are
corrected (Hare 1997).

One of the most important aspects of the PSC system is that it explicitly
endorses discrimination based on the state in which a vessel is flagged.
Because not all ships can be inspected, inspectors hope to examine those
most likely to be problematic. The PSC systems thus keep records of overall
detention rates for all inspected ships. Flag states whose ships exceed these
average rates are singled out for more frequent inspections. Ships registered
in flag states that have not adopted the major international agreements rel-
evant to the standards covered in inspections are also inspected more fre-
quently (DeSombre 2006, pp. 93-94).

Flag of convenience registries use their low environmental, safety, and
labor requirements for ships as a way to keep shipping costs low and thus
make their registries more attractive to shipowners with many choices about
where to register (DeSombre 2006). But that advantage disappears if ships
are singled out for inspection based on being flagged in locations with poor
reputations or a history of failing inspections. As Julio Sosa, the Panamanian
Maritime Consul in Houston explained, “No one wants to be in a flag where
the coast guard is going to be fingering you all the time” (Morris 1996, p. 15).
Not only do inspected ships face the possibility of being detained for being
in poor condition, but the mere process of inspection is time-consuming and
thus costly in an industry where turnaround time is key to profitability.

Since the 1980s, this nascent inspection process has had a major effect on
ship registration and oil tanker safety. By the 1960s, Liberia had become the
largest ship registry, with oil tankers making up a high percentage of regis-
tered ships. It had also gained a reputation as a problematic registry for tank-
ers: its ships were older, not well maintained, and more prone than average
to accidents. Several ocean disasters involving Liberian-registered oil tank-
ers in the late 1960s and early 1970s led to the demand for a PSC-type inspec-
tion regime (and also contributed to the creation of MARPOL).

Owners of Liberian-registered oil tankers, especially Americans, were
concerned that these new inspection processes could cause difficulties and
perhaps even decrease the advantage of flagging outside of the United States
if it meant increased scrutiny for Liberian-flagged vessels. These owners,
therefore, persuaded the Liberian government to ratify a number of exist-
ing safety and environmental treaties pertaining to shipping (which it did
in 1980 and 1981), and persuaded the Liberian registry to implement its own
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inspections system, to increase the likelihood that any Liberian vessels that
were inspected would pass. Liberia agreed to take on these additional regu-
lations because it feared the loss of revenue from ship registrations if many
vessels decided to flag elsewhere for fear of being singled out. Shipowners
were also supportive because although it would cost more to meet the newly
adopted standards, those costs were still outweighed by the tax benefits of
continuing to flag in Liberia (compared to standard registries). Those ship-
owners who already met the standards in question benefited competitively
even more (Carlisle 1981, pp. 185-186).

The IMO and its regulatory process translate science into policy action. But
the IMO will fail to fully address the problems it takes on unless all ships
actually implement these standards, whether or not all flag states have legally
adopted and enforced them. It is through the PSC process that many of the
environmental standards for ships are propagated through a large percentage
of the ocean-going vessels that engage in international trade.

13.5 Environmental Issues

Many environmental problems are created by ships, ranging from overfish-
ing and related ecosystem destruction (addressed in other chapters in this
volume and so not covered further here) to intentional or accidental dis-
charge of a variety of pollutants into the air or water during transit or ship-
ping, to ecosystem disruption caused by movement of invasive species. This
section covers the main types of discharges from ships that have been identi-
tied scientifically and addressed within the policy process; other subcatego-
ries, for example, sewage waste and chemical operational waste, are omitted
for space reasons. The science—policy interface has varied depending on the
issue, the players, and the time at which the problem first emerged.

13.5.1 Accidental Oil Pollution

Oil is transported globally on the oceans, in increasingly large tankers. The
dangers of traversing the ocean, with possible storms or unexpected condi-
tions, leaves open the possibility of ship damage or loss and resulting oil
spills on the open ocean or nearby coasts.

In addition to the series of IMO operational measures that are intended
to decrease the likelihood of accidents through the adoption of operational
safety measures, the primary regulatory measure adopted has been the
requirement for tankers to be constructed with double hulls. The idea is that
if a tanker hull is breached, it has a much smaller chance of leading to a cata-
strophic oil spill, as the tanker has essentially a second layer of ship between
the oil and the ocean.
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There was major disagreement about the efforts to require double hulls for
tankers. The United States lobbied hard for this requirement to be included
initially in MARPOL (both in the original negotiation of the convention in
1973 and in the negotiations for the protocol added in 1978, which became the
version of the convention that ultimately entered into force), but other states
were unwilling to accept this provision as mandatory (Karim 2015, p. 47).
The Exxon Valdez oil spill, in which more than 11 million gallons (4.1 x 107 L)
of oil were spilled into the ocean near Alaska in 1989, however, redoubled
American resolve and prompted unilateral action. The United States adopted
the Oil Pollution Act of 1990, which required all US-flagged tankers, as well
as all tankers that passed through American waters or entered US ports, to
be double-hulled by 2015, whether new or retrofitted (Tan 2006, p. 140).

This unilateral action, applied in a way that affected ships from many reg-
istries, increased the willingness of the IMO to adopt such standards itself
in the 1992 amendments to MARPOL. These measures required that double
hulls be installed on newly built tankers and required the eventual retrofit of
pre-MARPOL tankers within 25 years of their delivery date. Tankers previ-
ously built to MARPOL standards needed to be retrofitted with double hulls
by the time they were 30 years old (Karim 2015, p. 48).

Later oil disasters also influenced movement on tanker standards intended
to decrease the likelihood of spills. The Erika disaster, in which a single-
hulled tanker spilled oil off the coast of France, motivated the 1999 amend-
ments to MARPOL that moved the phaseout date of single-hulled tankers to
2015, with some older tankers required to be retrofitted earlier. Yet another
oil disaster—that of the Prestige, which sank off the coast of Spain in 2002—
accelerated the timeline further to 2010 (MEPC 2003). Demonstration of the
fate and effects of oil spills clearly influenced the policy agenda.

There was actually some question about whether double hulls are, in fact,
environmentally better than single hulls on tankers. Initially, the argument
relied less on clear evidence and more on the logic that a second hull would
necessarily reduce the likelihood of spills. Recent studies suggest that hav-
ing a double hull does reduce the sizes of spills on average (Yip et al. 2011).
At minimum, however, this standard would not have prevented some of the
most dramatic disasters that motivated the changed legal rules. The Prestige,
having literally split in half and sunk, could not have been saved by a dou-
ble hull. Nonetheless, major changes in ship design and construction can be
pointed to as clear signs of action, whereas operational changes may not be
as visible. The double-hull requirement was thus perhaps useful, but at the
time it was enacted, it was not scientifically supported as necessary to reduce
the threat of oil spills.

Additional IMO agreements address aspects of oil pollution. Among these
are provisions for coastal states to take emergency action “to prevent, miti-
gate, or eliminate danger to its coastline” when faced with the dangers of an
oil spill nearby, and the requirement that states create emergency response
plans for use in case of oil spills under the International Convention on Oil
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Pollution Preparedness, Response and Co-operation (1990). Later agreements
included the same measures for noxious and hazardous substances other than
oil—for instance, the Protocol on Preparedness, Response and Co-operation
to pollution Incidents by Hazardous and Noxious Substances (2000).

The oil spill provisions of MARPOL and related agreements have likely
had a beneficial effect. The incidence of large oil spills from tankers
decreased from an average of 25 per year in the 1970s to fewer than four per
year currently, with the most dramatic decrease in the 1970s and 1980s when
MARPOL provisions took effect (Psarros et al. 2011). Although it may have
taken major oil spills to create and strengthen the rules, those rules—along
with improvement in navigation aids—are now more likely to prevent that
sort of disaster.

13.5.2 Intentional Oil Pollution

Although accidental pollution is what we most frequently think about when
we think of oil pollution in the oceans, for quite some time, more of the oil in
the water was discharged intentionally than accidentally by ships (Mitchell
1994, p. 70). This process of intentional oil pollution was part of how tank-
ers operated, especially as they were working on increasingly narrow profit
margins and had to maximize speed in loading and unloading their ship-
ments of oil.

Oil is a heavy cargo, and vessels constructed to ship it have large tanks
aboard in which to carry it. But once tankers have offloaded the oil in the
location to which it is being shipped, they then have to travel back to the
oil-producing location to pick up the next shipment. A ship that was safe to
navigate with tanks full of oil will ride far too high in the water without the
oil. These vessels would, therefore, take on water in their tanks for ballast.
Tanks that had previously been filled with oil will instead be filled with sea
water, providing the additional weight to balance the ship.

Unloading and reloading at port must be done as quickly as possible, thus,
the ship would traditionally discharge the water in its tanks before arriv-
ing at its destination. Because the water had been transported in oil tanks,
it would have oil mixed in when discharged. In other words, it is not that
tanker operators intended to discharge oil, but that oil was necessarily a part
of the water they discharged during standard operations.

From any one ship the amount of oil may seem insignificant, but in the
context of the global ocean transport of oil, the amounts added up. Oil was
estimated to constitute between 0.3% and 0.5% of a tank of ballast water dis-
charged. While that might seem inconsequentially small, it could actually
constitute 300-500 tonnes of oil per tanker voyage (Mitchell 1994). This inten-
tional discharge constituted up to five million tonnes annually (Wardley-
Smith 1983; Mitchell 1994). The public experienced this type of pollution
through oil patches and tar balls washing up on beaches (United Kingdom
Ministry of Transport 1953).
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Initially, in addition to rules prohibiting discharges close to land (Mitchell
1994), this problem had been addressed internationally via regulations that
required ships to limit the percentage of oil that could be discharged with
ballast. Eventually the set of agreements landed on the need to avoid creat-
ing a “visible trace” of oil pollution (Mitchell 1994, p. 95). In other words, they
were allowed to discharge ballast water that had been stored in oil tanks
so long as the water discharged did not include oil, determined by a visual
inspection. Most of the water discharged from a tank would not have notice-
able oil; it was only at the end of the discharge process that greater amounts
of oil would be mixed in.

But these approaches ran into several aspects of uncertainty. At the level
of individual behavior, it was difficult for ship operators to determine the
point before which their discharges would create a visible trace of oil. Their
interest was in discharging as much of their ballast water before entering
a port (the less water that remained, the more quickly they could re-fill the
tank with oil), so they did not want to stop the discharge any sooner than
they needed to. But the only way to know where the end point of safely
discharging without oil came was to pass it. In other words, ship operators
were deciding when to stop the discharge based on when they first saw oil
emerge, which led to continuous discharges of oil, even if they were smaller
in amount than had previously been the case.

The second uncertainty came from knowing, when an oil trace was found
in the ocean, which ship it came from. One of the difficulties of the ship-
based behavior rules was that there were hundreds of tankers taking trips
across the ocean at any given time. In the first place, that means that there
are many opportunities to not comply with the regulations. Even a ship that
generally follows the rules may (intentionally or accidentally) not do so on
one or more of the trips that it takes. It is extremely difficult to know at any
one time if a rule that requires keeping track of many ships on many trips is
being followed, especially in an area as vast at the global oceans. Similarly,
when an oil trace was found (indicating that a ship had indeed violated the
rules, assuming it was bound by them), the number of ships and the vastness
of the oceans meant that it was nearly impossible to trace that evidence back
to an individual ship that might have caused the problem.

The new rules, negotiated under MARPOL 1973/78, focused instead on
equipment-based approaches to address the problem of intentional oil pol-
lution. The primary effort was to require that ships be built with segregated
ballast tanks (SBT) so that the water taken on for ballast could not be car-
ried in the same tank that had carried the oil. In addition to providing an
equipment-based way to ensure that ships would know that they were not
discharging water that contained oily residue, it also made information
gathering about ship behavior much easier. Instead of determining which
ships may or may not have discharged oil and on which trips, ships could
be inspected and certified at the point of construction; if they had the requi-
site equipment, they could be assumed to not discharge oil. This agreement
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has fundamentally changed the way ships are built and has dramatically
decreased the extent of oil pollution (Mitchell 1994).

MARPOL was originally negotiated in 1973 but failed to achieve suffi-
cient ratification to enter into force quickly; negotiation of a protocol in 1978
was what allowed the combined agreement to become legally binding. The
same set of oil disasters that motivated US unilateral action on double hulls
also persuaded the United States to indicate that it would set unilateral SBT
requirements (to be imposed on all ships in U.S. waters and ports) if the
IMO did not take decisive action to implement strong equipment-based rules
to prevent intentional oil discharges, which were written into the revised
agreement (Mitchell 1994).

One final point worth noting in the discussion of oil pollution of the oceans
more generally is that although science certainly played a role in the policy
approaches adopted, scientific viewpoints on the effects of oil pollution on
ocean ecosystems are mixed. Expert scientific panels reviewing the problem
have concluded that oil pollution does cause serious problems, primarily
in the short term (i.e., less than 5-10 years) and on coastlines (Camphuysen
1989; National Research Council 1985, 2003; GESAMP 1993, 2007). The early
conclusion that oil spilled in the open ocean, that is, offshore, does not
have a long-term permanent effect on marine ecosystems is largely upheld
(GESAMP 1990), although population effects on pelagic sea birds and other
animals of the open sea remain unclear. Where oil is spilled in areas of abun-
dant natural seeps, such as in the 2010 Deep Water Horizon blowout in the
Gulf of Mexico, conclusions about long-term effects have yet to be reached
(Cornwall 2015). Ultimately, action to prevent oil pollution from ships has
been driven by public perception, even more than scientific facts, especially
in the wake of visible oil disasters or other signs of oil pollution in coastal
areas.

13.5.3 Air Pollution

For the most part, the focus on pollution from ships has been on emissions
that harmed the water, but ship-based operations can also affect the air.
Because ships burn fossil fuels (various weights of oil), they have similar air
pollution effects to any fossil fuel-burning operation, resulting in particu-
late pollution, sulfur oxides (SO,), and nitrogen oxides (NO,) emissions that
contribute to acid rain, and carbon dioxide (CO,) emissions that contribute to
climate change. The fuel oil most frequently used by ships historically had a
high sulfur content, leading to higher SO, emissions than would have been
the case with different fuel oil.

Concern about emissions of these substances on land has a long history.
Long before anyone considered addressing emissions from ships, the basic
scientific understanding had been worked out. That is not inconsequential;
for an issue like acid rain, environmental damage was present before we
understood the long distances that acidifying substances could travel and
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the (often nonlinear) route by which effects transpired. Because the issue
had been initially addressed in a land-based context, considerable uncer-
tainty had been resolved by the time focus turned to emissions from ships.
Concern about air pollution from ships, however, was initially limited to
emissions close enough to affect land.

Although discussions about air pollution began at the IMO in the 1980s,
on the heels of efforts in Europe to address acid rain, it did not adopt rules
under MARPOL to address the issue until 1997. It did so via a new annex
to MARPOL, Annex VI, which entered into force in May 2005 and limits
air pollution (sulfur oxide, nitrogen oxide, and ozone depleting substances)
from ships (IMO 2015e). The rules are weak, however. They initially required
fuel oil used on ships to have no more than 4.5% sulfur content (1997 Protocol
to Amend the Convention for the Prevention of Pollution by Ships 1973/1978,
Regulation 14), which was no lower than the average sulfur content of fuel
oil used on ships at the time (IMO 1997; Karim 2015). Oil exporting countries
and oil industry groups lobbied against measures that would have reduced
the sulfur content of marine fuels by any greater amount (Tan 2006).

Despite this pressure, subsequent amendments to Annex VI, Regulation
14, mandated increasingly stringent rules: beginning in 2012, sulfur content
could be no more than 3.5%, and by 2020 it may be no more than 0.5% (IMO
2015g). In addition, in a compromise for those who wanted more stringent
rules, states were allowed to create SO, emission control areas. Ships in
these areas are required to have a lower sulfur content of fuel, an exhaust
gas cleaning system, or some other technological approach that limits the
SO, emissions to an equivalent amount (IMO 2015a). Europe and the United
States, which had hoped for stronger measures under MARPOL, have instead
worked to impose domestic requirements limiting oil to a much lower sulfur
content and to impose those rules on ships visiting their ports, so there were
ways around the unwillingness to impose stricter fuel-content regulations.
Similar approaches were taken to prevent NO, emissions from fuel oil.

More recently, focus has shifted to the climate change implications of ship
operations. Managing climate change globally has been far from a simple
task, and whole books have been written on the science—policy interface
on that issue generally. For the most part, the broader climate change dis-
cussions initially did not focus on emissions from ships, and fuel for ships
was even excluded from calculations of national greenhouse gas emissions
(United Nations Framework Convention on Climate Change Secretariat
2014). It was expected that the IMO would take up this issue (Kyoto Protocol
to the United Nations Framework Convention on Climate Change, Article
2(2), 1997).

The IMO Assembly adopted a resolution in 2003 directing MEPC to deter-
mine what would be necessary for the adoption of greenhouse gas emission
reduction measures (IMO 2003). An internal IMO study in 2009 concluded
that the maritime sector was responsible for 3.3% of global greenhouse gas
emissions in 2007, with most emissions resulting from international shipping.
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Emissions were expected to grow dramatically (IMO 2009), although the
global economic downturn and resulting decrease in shipping trade that fol-
lowed reduced maritime greenhouse gas emissions in the years immediately
after that study (IMO 2015¢).

Oil-producing states (led by Kuwait and Saudi Arabia) and large develop-
ing countries (including India, China, Brazil, and Chile) strongly resisted
taking meaningful action on these issues (Karim 2015). They were concerned
more about the extent to which the obligations would have a negative effect
on their profits than about the issue of uncertainty. Their opposition delayed
and weakened the resulting policy decisions, and they voted against the mea-
sures. India spoke against the measures but was ineligible to vote because
it was not a party to Annex VI of MARPOL. Other developing countries,
including St. Vincent and the Grenadines—a major flag of convenience—
abstained (Karim 2015).

The 2009 IMO energy study concluded that major greenhouse gas emis-
sion reductions were possible from operational and design measures taken
to increase energy efficiency. Following extensive negotiations within the
MEPC, the IMO adopted further amendments to Annex VI of MARPOL
in 2011, which require energy efficiency measures on all new ships and
an energy management plan for all ships of a certain size (IMO 2015a). To
ensure that ships are indeed following the new policies, this amendment
created a certification process. It is notable that these regulations are framed
in terms of efficiency, which has a plausible cost advantage even if there are
upfront costs to ships for the measures taken to achieve it. The IMO predicts
significant savings in fuel costs because of the efficiency measures (IMO
2011). Straight emission reduction obligations were not seriously considered.
Developing states were nevertheless concerned that the principle of com-
mon but differentiated responsibilities, put forward in other international
negotiations about greenhouse gas emissions, was not applied in this context
(Karim 2015, p. 109).

Although some states are likely to refuse to adopt these amendments to
the regulations, the port state control measures discussed above are likely
to be a powerful tool to increase ship adherence to them. If port states man-
date the use of these efficiency measures for ships allowed to enter their
ports—especially if, as has generally been the pattern, major trading states
participate in the agreement—then ships that intend to travel to those loca-
tions will be forced to adhere to the measures regardless of whether their
flag states require it.

13.5.4 Invasive Species Transport

Ocean-going vessels have unintentionally transported species from one
habitat to another since they began to move across the seas. Initially, the
damage done by this process was to land ecosystems. For example, goats
transported to the Galapagos Islands by early whalers or pirates multiplied
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on the islands in the absence of natural predators and affected the local eco-
systems, causing the extinction of native species (Carrion et al. 2011).

The same use of ballast water that was rendered less problematic in terms
of oil content by earlier MARPOL regulations still involved moving water
from one part of the ocean to another, along with species small enough to
be taken up. Ballast water can be taken up when any heavy cargo has been
offloaded, so it is not unique to oil transport. When these species are depos-
ited along with the water discharged before the ship enters a new port, many
of them do not survive in the new environment, but some that do survive can
thrive where their natural predators may be absent. In some cases, organ-
isms transported with ballast or bilge water may also be threats to human
health (McCarthy and Khabat 1994).

The United States and Canada first brought the issue of ballast water
transferring invasive aquatic species before the IMO in the 1980s because of
concern about foreign species being introduced into the Great Lakes. More
recently, the issue has been driven by Australia’s concern for native species
in its coastal waters, which are threatened by species from Asian waters,
where shipping to Australia frequently originates (Hayes and Sliwa 2003).
Scientific studies sampled ballast water and determined that large numbers
of species could survive in ballast water. One meta-study determined that
more than 1000 species are transported in ballast water (Gollasch et al. 2002).

One way to reduce the likelihood of invasive species from ballast water is
to exchange ballast water closer to the place it was picked up; ships have been
encouraged to take up new ballast water repeatedly as they transit the ocean.
In particular, the general scientific understanding has been that nearshore
organisms where ballast water is generally taken on initially, are unlikely to
survive in the deep ocean, so replacing ballast water further into the voyage
can decrease the risk of species contamination (Tan 2006). However, doing
so is operationally risky: when ships offload ballast they are less stable and
more prone to accident. Similarly, exchanging ballast water takes time, up
to several days, depending on the size of the ship (Gollasch et al. 2007), and
thus entails cost that ships are unwilling to take on voluntarily.

In the wake of this concern, IMO first adopted operational guidelines in
1993. These have been updated and expanded multiple times since then,
including guidelines for how to study ballast water species (Gollasch et al.
2007), culminating in the adoption of the 2004 International Convention for
the Control and Management of Ship’s Ballast Water and Sediments, known
informally as the BWM Convention. The Convention requires all ships to
have a ballast water management plan approved by its flag state government,
as well as a record book to record its ballast water actions.

In particular, the BWM Convention adopts two approaches to ballast water
management. The exchange standard requires ships to exchange more than
95% of their ballast water at least 200 miles away from land and in water at
least 200 m deep, with some additional provisions for trips in which these
distances or depths are not possible. The performance standard requires
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specified concentration limits for organisms in water that must not be
exceeded in ballast water discharged close to land. The size of the ship and
its construction date determine the date by which either of these standards
must be implemented, with full implementation required by 2016.

These measures, particularly the ballast water exchange, are understood to
be imperfect compromises between what is environmentally desirable and
what is practically achievable. Exchange of even 95% of ballast water has been
shown not to reduce organisms by that amount. In some cases, an increase in
organisms may even be detected after exchange (McCollin et al. 2001). In addi-
tion, given that on some shipping routes ships may never be sufficiently far
from land to fully meet the highest exchange standards, ballast water exchange
will still result in the movement of organisms from one place to another.

The performance standards also involved a compromise based on political
acceptability rather than scientific assessment of the most useful standards.
In fact, few delegations to the negotiations of the convention contained suf-
ficient scientific expertise to be able to have a scientific discussion of the
appropriate level. Nevertheless, the standards agreed to are likely to achieve
a greater reduction than would be achieved by ballast water exchange
requirements alone (Gollasch et al. 2007). Even a dramatic reduction in the
number organisms per cubic meter of ballast water discharged near land,
however, will still result in some movement of organisms and thus some risk
of species invasion.

Actual treatment of ballast water on board before it is discharged would
decrease further the risk of invasive species transport. Although this option
is foreseen by the convention, it is not required under it, other than to allow
ships to participate in programs by their flag states to test ballast water treat-
ment in lieu of other ballast water measures. The convention also includes a
process of review within its operational requirements to examine the effec-
tiveness of existing measures and the possibility of new requirements.

As of this writing, the convention has not yet entered into force. Shipping
companies strongly oppose mandatory measures that are costly, risky, and
give them no operational advantage, and so have attempted to persuade
states not to ratify the agreement. In the interim, many states are imposing
convention-level standards on their own ships or in their waters, but ships
are able to avoid implementing them depending on registry state and ship-
ping route, creating a global double standard on ballast water management
(Karim 2015).

13.6 Conclusion

Ships operate far from shore in great numbers on a vast ocean. It
can be difficult to track exactly how they are operating on any voyage
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or the cumulative effects of their operations. Even when a collective
understanding can be reached of the environmental effects from the oper-
ations of ships, changing this behavior is costly and requires widespread
international agreement.

The trickiness of this political compromise, especially when the realm of
actors involved is expanded by the role of flags of convenience states whose
primary goal is to keep shipping costs low, means that science frequently
takes a backseat to political calculations. It is, nevertheless, the case that
major progress has been made: operational and accidental discharge of oil
from ships has been reduced, air pollution limits are starting to have a posi-
tive effect, and strong efforts to decrease the risk of transport of organisms
in ballast water are underway.

Several cross-issue conclusions can be drawn about the science—policy
interface on these issues. First, uncertainty about behavior made an impor-
tant case for ship-related standards that are equipment based rather than
behavior based. In some cases, operational rules, if followed, could possibly
have a stronger effect than equipment changes, but the uncertainty about
whether all ships would follow procedures on all trips argued strongly in
favor of changing ship construction to remove that uncertainty. Similarly,
public demand for action, especially to prevent oil spills, can be more clearly
satisfied by pointing to changes in ship design than by discussing the value
of operational procedures.

Second, it is worth noting the role of disasters or other high-profile and
visible problems from ship pollution in garnering political action. Oil spills
in the 1970s provided the impetus for the creation of the initial rules under
MARPOL for ship-related improvements to prevent them, and in the late
1980s and early 1990s for shifting the timeline for requiring these changes.
Other visible evidence of environmental damage, such as tar balls on
Mediterranean beaches or invasions of jellyfish or zebra mussels, galvanized
public demand for action, whether (in the case of invasive species) or not (in
the case of operational oil pollution) science was unified in its concern about
the issue.

Finally, although the IMO faces constraints from its member states and
the shipping industry in making publicly available the information it gener-
ates or works with, it has done a reasonably good job of bringing scientific
expertise to bear in the negotiation, operation, and revision of agreements
designed to reduce the environmental effects of shipping. That is all the
more remarkable given the percentage of ships registered in locations that
allow them to skirt some international regulations. Action taken by high-
standard states to apply their domestic rules to any ships that transit their
waters or visit their ports helps expand the application of newly-negotiated
measures to protect the ocean environment from the operations of ships.
This chapter shows that while scientific information is important, it is only
one factor in decision-making on shipping issues in international waters as
well as in coastal areas.
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14.1 Introduction

The chapters in this volume are prefaced by a common understanding that
the health of our oceans matters. The collection provides rich accounts deal-
ing with how scientific information is used to build a research base and
collaboratory networks to exchange, manage, signal risk, influence, and
govern policy- and decision-making. For these authors, water matters in an
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ecological sense, in the same way that other components of the environment,
that is, land and air, matter. Individually and collectively, they constitute
the “one health” we all share and should not take for granted (One Health
Global Network 2015; One Health Initiative n.d.; Centers for Disease Control
and Prevention 2013; Public Health Agency of Canada 2015). A one health
approach disrupts arguments that reduce the environment to health, health
to environment (Burger 1990), or human behavior to some purported set of
rational acts of self-interest, for example, Homo economicus. Taking into account
ecosystems and social networks, for example, one health reorients policy to
accommodate both human and nonhuman indicators of health (Rabinowitz
and Conti 2012). It opens a space to consider shared reciprocal relations in the
exchange of goods that are more complex than that explained by an anthro-
pocentric rational market model (Sahlins 1972; Maurice 1999; Graham and
Bassett 2006). Situated between these points of reference, between private
corporatist strategies for profit and natural (presumably, though contestably
public) resources, government regulatory policies and practices across all
sectors are intended to safeguard citizens against undue harm.

In this chapter, we present a complementary perspective to the oceanic
theme of this volume by ethnographically engaging the circulation of scien-
tific knowledge and evidence in a different but comparable policy decision-
making environment. We will use two case studies in health regulation that
explore (1) national regulatory practices and policies for emerging health
products, and (2) global vaccine development and implementation platforms.
These case studies and the conclusions that we draw illustrate the role(s) that
information plays in decision-making processes at the science—policy inter-
face in regulatory contexts; this parallels the observations and conclusions of
the authors of other chapters in this book.

The determination of evidence deemed valuable along the health regu-
latory pipeline for emerging pharmaceuticals and biologics (including
vaccines) is based on a range of explicit and tacit knowledge. Regulatory
science, as in all science platforms, relies on the construction of standards,
instruments, and guidelines that order certain types of evidence, exclude
other types, and shape our lives (Collins and Evans 2002; Wynne 1996;
Lampland and Star 2008; Bijker et al. 2009). Institutions define and deter-
mine expertise, evidence, and its interpretation; expert elites authorize what
can and cannot be considered in order to balance technical, cultural, and
political considerations. The policies and practices of the individuals and
organizations that decide whose information counts, and what information
is used, matter. However, the processes by which results are interpreted,
and conclusions are made, remain obscure. Clinical trial study protocols,
for example, are designed by drug developers who are interested in produc-
ing data that will result in approval of their products. As a result, indus-
try studies, compared to trials with any other source of funding, are more
likely to favor the sponsor’s product. These biases, however, cannot always
be explained by standard assessment tools, for example, randomization or
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blinding (Lundh et al. 2013). We know, for example, that financial conflicts
of interest can sway opinion unconsciously (Kassirer 2007; Sismondo 2008).
The importance of making primary data available for independent review
cannot be lost on government scientific regulators. This was made evident in
2015 with the reanalysis of GlaxoSmithKline (GSK)’s paroxetine trial, which
showed that the antidepressant was neither safe nor effective in adolescents
(Le Noury et al. 2015).

Regulatory advice sought early by product sponsors improves marketing
authorization success (Hofer et al. 2015), and has been encouraged in recent
regulatory modernization policies. But how close should relationships be
between the sponsors of products and the regulator? Both healthcare provid-
ers and the public trust that there is no conflict of interest and that the mech-
anisms and instruments of the regulatory process ensure that the drugs and
vaccines provide more benefit than harm. The trustworthiness of this evi-
dence requires building a framework for accountability (O’Neill 2014). What
questions should we be asking to ensure credibility, legitimacy, and public
trust in health regulation?

The determination of regulatory policy, the reach of regulatory activity,
and the scientific and ethical competencies of regulators are central to the
debate about the nature of a just society and the relative importance of public
health issues. For most people, however, regulatory processes are obscure,
unclear, and even unfathomable. Citizens do not often think about the safety
and effectiveness of the products they consume. They assume government
regulators do that for them, until there is a crisis. While emergency prepared-
ness occupies more and more of national state and international multilateral
agency activities, the role of good regulation is to cut crises off at the pass.

As an anthropologist of science, technology, and medicine, the first author’s
research (Graham) on health regulatory activities has taken her to the shores
of Canada’s three oceans as well as to the land-locked sub-Saharan African
Sahel, where desertification and the recent drying trend from warming
African waters are contributing to societal and health consequences. These
range from respiratory infections irritated by the pervasive dust-carrying
winds, to malnutrition from the agricultural crises brought on by scarce
water resources (Giannini et al. 2003; van Eeckhout 2015). Humans have
fairly predictable ways to address crises. When faced with environmental,
social, economic, political, or health challenges, humans react. They respond.
They move. They innovate. Incentivizing the tangible products of innovation
has become a key objective of most governments and across several sectors.

Unfortunately, not all innovations improve health. Indeed, government’s
dual role, as both incentivizer of new health products and protector of the
public health, puts it in a potential conflict of interest. Regulators fall prey to
claims of regulatory capture when governments are seen to advance com-
mercial or lobbyists, interests, while their agencies are mandated to act in the
public interest (Carpenter 2013; Lexchin 2012). Showing that their products
are novel, safe, and effective is the goal of the product sponsors. Ensuring
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these claims are true is the responsibility of our regulators. What happens in
between is the correspondence at the interface of science and politics.

14.2 Weaving the Technical, Relational, and Political
into a Parliament of Evidence-Based Knowledge

Innovation inspires; it drives humans beyond static being into dynamic
becoming. It brings new solutions to old problems, new values to tired tenets,
and opens up new markets, needs, and desires. Human evolution maps to
the creation, replacement, and communication of new ideas and artifacts.
We evolve with novel technologies that simultaneously change us cultur-
ally and biologically. The anthropologists Augustin Fuentes (2013) and Tim
Ingold (2013a) suggest an intertwined, woven “correspondence” between
biology and social relationships that places human beings perpetually in the
process of becoming human. In this view, where we are not born but become,
genetics and social identities “mix and mingle with one another in that zone
of interpenetration we are used to calling the ‘environment™ (Ingold 2013b,
p- 16). Relationships with one another and with other things are formational
to humanity and to most material achievements. Our relational accomplish-
ments, for these must be acknowledged as innovations too, develop, perform,
inform, and transform along intersecting social and technical pathways. We
coalesce around new things and we make friends and enemies, colleagues,
and competitors around ideas that change us. Biology, in this view, might
be seen to be more complicated than genetics, acting on our genes and
composed of complex synergistic epigenetics and behavioral and symbolic
inheritance systems that can radically transform us. We are continuously
becoming human in our interactions throughout our lifespan. We become, as
Fuentes has said, “what we eat, who we meet, how we use our feet, and how
we perceive the world” (Fuentes 2010).

People are won over by the enthusiasm surrounding new things. While
we innovate to make living better, our best intentions can go awry; novel
products build and sustain, but they can harm and destroy too. Whether
innovations are used to feed our families, kill our enemies, clear an oil slick,
or prevent, detect, treat, and manage disease and sickness, they unfold into
unknown future ecologies as expectations at first and then material accom-
plishments or detriments that make up our individual and collective becom-
ing. Inevitably, the products of biosocial relations are fraught with risk
and uncertainty and with benefits and harms that can surprise even their
developers.

It is the task of regulators to be on guard before a product is approved,
and remain so afterwards for the identification, assessment, communica-
tion, and response to real risks in the world. The post-market world holds
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uncertainties that cannot be contained in the controlled clinical trials of
the pre-license process. The adverse events identified in small clinical tri-
als needed to attain a product’s approval cannot foresee population effects
brought on by adverse events, viral type replacement, declining immunoge-
nicity, herd immunity, epidemics, climate change, tsunamis, droughts, crop
failures, forced migrations, and relocations. Cascading unknowns can upset
the fine balance upon which the original regulatory decisions were based.
While synthetic pharmaceuticals, protein targeted radiopharmaceuticals,
vaccines, and other biologics can make us more comfortable, prevent disease,
and even cure us, they also disrupt.

How might it be possible to widen input into decision-making to include
more diverse communities, a broad range of expertise beyond the regula-
tory scientists required to meet both government policies, for example, faster
access, and rigorous critical scientific appraisal?

Isabelle Stengers (2005) proposes a cosmopolitical future that allows for the
deliberative engagement of all “constituents” who share a common goal that
implicitly involves social justice and generational equity. This vision aims to
benefit more than harm. If that common goal is secured through improved
health of our bodies, populations, and environments, then the avenue to
that end must include full and open disclosure of all potential conflicts of
interest and all research data, including untampered clinical study reports
(Doshi et al. 2012; Doshi 2015; Jefferson et al. 2014). Different constituencies
build different evidence bases and explanations for their interests, for what
matters to them, and the kinds of facts they need to gather and manipulate
in order to be convinced. If regulators have only partial access to data, or
to only one or two sectors within a potential range of constituencies, the
impartially of their decisions in applying the best of scientific rigor is left
open to doubt. If knowledge and beliefs are constructed and communicated
in the everyday practices of science and medicine, regulation, and markets,
then tools need to be developed that open and make transparent all sources
of data and study design, analytical interpretations, and regulatory deci-
sions, to avoid the perception of conflict of interest, lack of transparency,
and regulatory capture. What Gluckman and Allen have referred to in
Chapter 10 (this volume) as “the balancing act of science in public policy,”
and what Sarkki et al. (2014) describe as “balancing credibility, relevance
and legitimacy” might be developed into a decision-making framework
that, drawing from the works of Bruno Latour (1993) and Isabelle Stengers
(1997), would be a cosmopolitical parliament of drug evidence. Such a plat-
form would involve open access to all data for independent analysis, and a
transparent platform for engaged and reflexive deliberation and decision-
making with mechanisms to prevent more powerful actors from influenc-
ing the process.

Multiple constituents would be included in openly determining the safety,
effectiveness, and quality of a health product. Routes to follow-up stud-
ies that are relevant to constituents post-market would be made available
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through a lifecycle approach that can introduce and address new informa-
tion from all communities.

14.3 Indication and Intellectual Property Creep

Clinicians often prescribe drugs developed originally for one medical
indication—for instance, a biologic for non-Hodgkin’s lymphoma—for a
different condition, such as treating sufferers of rheumatoid arthritis. This
introduces uncertain considerations surrounding safety and effectiveness.
Does the product qualify as new? Can it then be privileged for extended pat-
ent protection? A synthetic drug said to be moderately effective for the treat-
ment of people with Alzheimer’s disease is prescribed for the “worried well”
for mild memory loss (Graham 2008). Is there a problem with that? Health
technologies are commonly prescribed for conditions other than their origi-
nal intention, often on the fly, with no record of experimentation or clini-
cal trials. Weapons were transformed into surrogate limbs when Afghani
amputees adapted used missile casings for prosthetics. Lifesaving therapies
can turn into killers when off-label indication creep unknowingly captures
those at risk. Before its withdrawal in 2004, the COX-2 non-steroidal, anti-
inflammatory drug Rofecoxib was approved and aggressively marketed.
Notoriously, Merck withheld evidence of increased risk for heart attacks
and strokes for over 5 years, resulting in an estimated 88,000-140,000 deaths
(Graham et al. 2005; Bhattacharya 2005). Both the withholding of data for
safety and efficacy and its exceptionally aggressive marketing contributed to
the large number of deaths through misinformation and therapeutic creep
(Wright et al. 2001; Therapeutics Initiatives 2001, 2001-2002, 2004). Similarly,
the recombinant glycoprotein hormone, erythropoietin, useful in cancer
care treatment, can also cause lethal thrombotic complications (Hébert and
Stanbrook 2007). Therapeutic or indication creep commonly comes from
information seeded by industry to clinical scientists conducting late Phase I1I
and Phase IV post-marketing studies. It is enabled by prescribing clinicians
(Fugh-Berman and Melnick 2008; Djulbegovic and Ash 2011; Kesselheim,
Meloo, and Studdert 2011; Riggs and Ubel 2015).

Misinformation seeded by other groups, motivated politically, religiously,
or maliciously, takes on a different sort of threat. Often grounded in local log-
ics, anxieties and rumors continue to derail vaccine campaigns (Leach and
Fairhead 2007). Clinical researchers and public health vaccine campaigns
have begun to pay attention to the fact that ignoring local understandings
and explanations is at an immunization campaign’s peril (Ghinai et al. 2013;
Larson 2014).

How does the knowledge of scientists, health providers, policy makers,
and citizens—whether that information sits as data in scientific repositories
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or in citizens’ collective thoughts and actions—get equitably configured into
evidence databases? Logical systems, no matter whose logic, are not immuta-
ble (Longino 2002). Sometimes new studies bring to light old (folk) remedies.
Local knowledge that may have been dismissed by experts as anecdotal, or
folklore, or gossip, reappears later with scientific recognition and potential
market value (CBC 2015). The intellectual property rights for new medicines
can be fought over in highly contested legal fields and are unlikely to pro-
vide the same gains to the original creators as they do for larger, more pow-
erful industry interests (Hayden 2003).

Considerable public and private efforts are put into incentivizing and
supporting the development of new technologies to address the matrix of
multidimensional factors that contribute to and threaten the one health we
all share. Indeed, incentivizing the development of global health technolo-
gies has become the goal of a growing cadre of billionaire philanthropists.
Their foundations advance the principles and ideologies that brought them
their wealth in the first place and provide them with the resources to set
the research agendas of their hearts” desires, ranging from agricultural and
health technologies to ocean sciences (Broad 2014). Philanthrocapitalists,
rather than public agencies and independent experts, have increasingly
directed strategic planning for global health and environment. Much of the
money put forth in the strategies advanced by philanthrocapitalist groups is
directed from public funds, commonly in the guise of public—private initia-
tives (Mazzucato 2011; Light 2009; Lezaun and Montgomery 2015). By the
time the private sector becomes “technically” involved (political involve-
ment is integral to the philanthropic strategic plan), there are few risks for
an already advanced product. The return on (private) investment at the end
stage of development has been assured by the public coffers. The Ebola vac-
cines developed by the Public Health Agency of Canada and the National
Institutes of Health in the United States, now referred respectively as the
Merck and GSK Ebola vaccines, are exemplary cases in point.

14.4 Moving to a Solution: Some Questions First

So far, the dual role of governments and the relational reality of cozy
regulatory—industry activities has been discussed, which put forth a rheto-
ric of fireguards between industry and regulator, but nonetheless include
opportunities for bilateral meetings to introduce new evidence to persuade
a hesitating regulator. What would prevent trial design and research evi-
dence from being gamed by industry? What if evidence of therapeutic
improvement had to be agreed upon by an independent body of evaluators
representing diverse backgrounds, rather than fast-tracked through a regu-
latory pipeline increasingly compromised by a government advocating and
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creating policies for industry partnerships, commodity fetishism, and corpo-
rate drivers (Graham 2001)? How might the independence of evaluators be as
integral as industry imposed regulatory time limits? What would evidence
of value-added health improvements look like in a setting where the greater
push for newer drugs, that are not always better, could be reset (Graham and
Nuttall 2013)?

Central to this inquiry would be the development of techniques to demand
that new health technologies contribute significantly to value-added health
improvement (not all new therapies work better). In liberal democracies, it
is important to find out how the actors and practices that command techno-
scientific authority sometimes hold sway, and sometimes do not, in matters
of decision-making, governance, and the determination of what matters. It
is worthwhile to unpack the disproportionate roles and interests different
actors have in determining what information matters, where it comes from,
who it is passed to, who gives and who receives knowledge, training, and
treatment, and whose metrics are used to measure and declare the success of
interventions. Information flows in many directions, and decision-making is
often more political than scientific (Bishop and Lexchin 2013; Burchett et al.
2012). Brian Wynne has argued that we should be critically engaged in “the
enrollment of science in global economic and political forms” (Weiner 2011).
To that end, we might consider systematically unpacking the circulation of
expertise (and interests) that contributes to the approval of health products.
At issue, in the governing of the public’s health, is whether it is possible to
gather together a panel of truly independent evidence-based evaluators
whose expertise in research design, methodological rigor, and clinical expe-
rience is not compromised by some form of conflict of interest. Central to the
work of several science and technology studies scholars has been an exami-
nation of the information that scientific and political actors use to build
evidence. In addition, the degree to which authorities listen to and involve
diverse communities in building the knowledge base, then reach decisions
using those data, and the role of scientific advice in democracies generally,
have been ongoing questions (Bijker et al. 2009).

We shall briefly present two case studies on how the information from the
best-made science can be diverted by practices that prevent knowledge from
being fully realized in the world. We will conclude the chapter with a pro-
legomenon of what we might do to resolve this problem. Our recommenda-
tions will emphasize a close parallel to issues that confound decision-making
at the science—policy interface described in other chapters in this volume.

14.4.1 Case 1: International Regulatory Practices and Policies
for Emerging Health Products: Efficacy and Safety

Beginning in 2001, Graham became engaged in several years of partic-
ipant-observation in a regulatory platform (the Canadian federal depart-
ment Health Canada). This research was pursued in order to describe the
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regulatory actors and their tasks, map the regulatory territory of scien-
tific evidence and policy decisions, and illustrate how a regulatory system
adapts in response to contingency and rapidly emerging scientific and policy
changes. This study followed the step-by-step process of product submis-
sion and regulatory review as teams of research scientists, biologists, medi-
cal officers, and technicians, equipped with state-of-the-art technologies and
instrumentation, evaluated clinical science trial data and inspected manu-
facturing sites. Scientists, clinical evaluators, and policy advisors reviewed
regulatory submissions, sampled consistency, conducted extensive chemis-
try and manufacture confirmatory tests, reanalyzed data, and checked back
with the sponsors for missing data or for any queries they might have had
about the submitted evidence. Decision-making frameworks were estab-
lished by the various parties, but decisions to submit, resubmit, or finally
withdraw an application were in the hands of the sponsor. Inevitably, the
actors on both sides of the product decision must balance legislated dead-
lines with partial data, and weigh individual and public health safety against
public and industry desires.

Beginning in the early 2000s, the Health Products and Food Branch (HPFB)
of Health Canada established a series of initiatives to “ensure that Canadians
have faster access to the safe drugs they need” (Government of Canada 2002).
Focusing originally on smart regulation (Graham 2005), HPFB moved to a
more acceptable language of a “lifecycle approach” as part of the regulatory
modernization at Health Canada (Health Canada 2015). In keeping with gov-
ernment policy, Health Canada developed policies and instruments to open
up access to new drugs. While regulatory work up to 2004 had mostly concen-
trated on the assessment of pre-market pharmaceuticals and biological thera-
pies—that is, isolated from natural sources such as living cells or tissues—for
market approval, the lifecycle approach was intended to manage the approval
of drugs for market placement more quickly, through a progressive licensing
strategy. Although a post-market approval authority to follow the products
in their application was part of the scheme, health advocates were concerned
that funding and enforcement would lag behind approval, compromising
the safety of Canadians prescribed by these early licensed products (Graham
and Nuttall 2013). Internationally, there has been wide adoption of regula-
tory modernization across all government sectors such that the parallels in
how this development has been carried out among these sectors, for example,
health and environment, will become apparent to the reader. As in all such
processes, intricate convergences of human and nonhuman environments
and technological and cultural ecologies have occurred.

Clinical trial evidence that is not open or transparent harms everyone
(Muir Gray 2012). Graham was fortunate to have been a student at McMaster
University in Hamilton, Canada, in the early 1980s, when the innovators of
what became known as evidence-based medicine (EBM) were tutors in the
graduate clinical epidemiology and biostatistics course and were testing
their systematic review methodologies. She learned to analyze the clinical
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trial evidence by critical appraisal of the methodological designs, data, and
interpretations of medical studies. Graham believed, as acolytes do, in the
potential of evidence-based approaches to open up and make transparent
clinical study data so that critical appraisal could be carried out by anyone
curious enough to care about the results. How disillusioning, then, to watch
the sleight of hand as these evidence-based standards for the scientific stew-
ardship of clinical trials research were undermined by interests other than
science and by consensus panels and expert advisory committees that some-
times exercised authority without attending necessarily to the evidence.
Things are not always as they appear (Gilbert 2006). The keepers of best prac-
tice in health care miss the integrative thinking needed for health systems
(or, for that matter, integrated coastal and ocean management).

David Sackett et al. (1996) described EBM as the integration of “individual
clinical expertise and the best external evidence.” A problem occurs, however,
when the best evidence is limited. The gold standard of the blinded random-
ized controlled trial (RCT) is ideal in theory, but has corroded in practice.
The costs of conducting sound EBM trials have restricted it largely to private
tirms, which control the data in and the analysis out. Field biologists as well
as economists know how difficult it is to control for external conditions in
the laboratory, let alone the natural world (see Chapters 8, 13, and 16 in this
volume). If externalities can be controlled, taking account of every known
contingency, the unknowns will still rule the day. This is why slow cautious
longitudinal research in natural conditions is invaluable, if for nothing more
than to remind us of the damage wrecked by Frankenstein’s hubris.

Items missed in the data collection in an RCT cannot always be accounted
for afterwards. The best studies for the best external evidence do not neces-
sarily see the light of day. Expensive to conduct, most randomized controlled
trials are industry sponsored, whose objective is to produce evidence that
will see their products approved for market. The sponsors are most often the
pharmaceutical industry hoping to make profits. So, many types of drugs
that are already past patent protection, products like aspirin, for example,
have been largely neglected in clinical trials while the hope and money have
been placed on much more profitable innovative new drug products, because
they are patentable. Only about half of all RCT studies are ever published,
and negative studies, that is, research that shows no improvement of treat-
ment in comparison to the control group, are seldom published at all (Maund
et al. 2014; Scherer et al. 2007, Chan et al. 2004). Why? Because interested
sponsors fund trials, and often industry-backed researchers carry out the
research. You are not likely to sell a car if you tell someone it is a lemon.
Therefore, we mainly see partial and interested information directed at sell-
ing a drug as a commercial commodity rather than therapies and services
for the public good.

The randomized controlled trial is a standard that misses an important
component, clinical meaningfulness, advanced by Alvan Feinstein (1987) in
response to statistical dominance in medicine, though not without critique
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(Hobart 2007). In the 1990s, as a naive postdoctoral fellow, Graham thought
that “meaningfulness” would provide an avenue to tie patient and care-
giver experiences into a truly integrated approach to evidence for treatment
outcomes for clinical trials. She developed a qualitative methodology that
would take into account everyday symptoms of decline and improvement
from a patient’s, caregiver’s, and doctor’s points of view. To her mind, this
approach would provide a valuable humanistic and personal component for
ascertaining the effectiveness of potential treatments. She thought that this
symbolic local ecological knowledge (as an anthropologist, and local knowl-
edge matters) (Geertz 1983) could augment the materialist statistical signifi-
cance of clinical trial studies (Graham 2008). Unfortunately, and predictably
(as time taught healthy skepticism), the manufacturer who sponsored the
study selected only the positive results from the database and ignored the
not so positive cases in order to make its argument for inclusion of the drug
into provincial formularies.

Quick to catch on that personal testimonials matter more than statistics,
industry carefully selected the particular data from the study to sell their
product. The company cherry-picked the best evidence to tell a different
story. A profit-incentivized pharmaceutical company captured Graham'’s
method, but used only the positive accounts to promote the drug. If the
stories of decline had been included, the minimal effectiveness of the drug
would have been shown. Furthermore, by placing that drug in the provincial
formularies, its costs were charged to the public health care system. Several
years later, Graham witnessed the last province to resist allowing that drug
into its formulary, based on the paucity of evidence, fold under political pres-
sure from an aggressive campaign of “expert” clinical researchers, namely,
the same folks who had conducted the industry’s studies, as well as assem-
bled the industry-funded patient groups.

Industry pays for the research, the researchers, and the evidence that most
advances their interests. Personal testimonials from select actors trumped the
minimal evidence for therapeutic improvement. Profits (in a country where
natural resource extraction often overrides the best evidence of declining
supplies and catastrophic environmental consequences) do not always have
public health among their interests. The use of scientific evidence and the
regulators who protect good science need governance. The independence of
science and education of policy analysts to recognize its importance warrant
continuing attention.

In case this account seems a testimonial in itself, it is not uncommon.
The British Medical Journal’s “open data campaign” defended key Cochrane
reviewers who demanded to see company-protected data in order to
assess the efficacy of the influenza antiviral Tamiflu (oseltamivir) medica-
tion sufficiently. Reviewers from the internationally recognized Cochrane
Collaboration, who conduct systemic reviews of primary research in health
care and health policy using evidence-based approaches, were denied access
to clinical study reports held by the manufacturer, Roche (Doshi et al. 2012).
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These reviews address important questions such as “Does treatment X work
better than Y and will it do more good than harm?” Through “sophisticated
marketing rather than verifiable evidence,” countries around the world
stockpiled Tamiflu, costing billions of dollars; purchasers believed that
Tamiflu would suppress the threat of pandemic HIN1 influenza. There was
no reliable evidence to confirm this position. Regulators failed to appraise
the full data; they failed the public trust.

14.4.2 Case 2: Global Vaccine Development and Implementation
Platforms. Equity. Developing Vaccines for the Global South

In 2001, the Gates Foundation provided seed funding to develop a new
meningococcal serogroup A conjugate vaccine, MenAfriVac™ for endemic
and repeated epidemics of meningitis A in sub-Saharan Africa. The vaccine
had to be affordable, to cost around 50¢ a dose. While a meningitis C vaccine
was developed within months during an outbreak in the United Kingdom in
the 1990s that killed one thousand people, in Africa during the same period,
some 700,000 people were affected by Group A Neisseria meningococcus, the
most prevalent meningitis strain in sub-Saharan Africa. Meningococcal
serogroup A infection claimed 100,000 lives and left 600,000 others with life-
long morbidity. The vaccine promised to save hundreds of thousands of peo-
ple devastated by periodic meningitis outbreaks. Other meningitis vaccines
existed, but patents make them unaffordable and no manufacturer was inter-
ested in developing a vaccine with limited potential for large profit. Fueled
by a feasibility study of existing intellectual property, a multilateral part-
nership under the umbrella of the World Health Organization/Program in
Appropriate Technologies (PATH), the Meningitis Vaccine Project arranged
for the technology transfer, clinical trials, regulatory approval, and imple-
mentation of MenAfriVac (LaForce et al. 2007, LaForce and Okwo-Bele 2011;
LaForce et al. 2009). The vaccine worked, and meningitis A has been con-
trolled in vaccinated populations.

But, while hundreds of millions of dollars spent to build capacity for dis-
ease and safety monitoring, surveillance, and training was directed to the
epidemiological center in Burkina Faso’s capital, little knowledge filtered
into (or out of) the other communities (Graham et al. 2012; Mounier-Jack
et al. 2014). When meningitis W-135 and X and Streptococcus pneumonia men-
ingitis popped up in epidemic clusters, the year after the campaign, just
as Graham’s Burkinabé colleagues told her would happen 4 years earlier,
people who thought they had been immunized against meningitis were
infected. The capacity and knowledge for a single disease targeted vertical
vaccination program was not integrated, it did not filter down to real people
or local health care workers. Worse still, local knowledge, scientific, medi-
cal, and lay, was not engaged. The monovalent vaccine, rather than a quad-
rivalent to protect against the other meningitis subtypes, was slated to be
adopted into the routine immunization program. In a country that spends
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only $9/day/capita on health services, fees are still charged for hospital and
clinic visits, illiteracy is around 26%, and child mortality remains one of the
highest in world. Despite strengthened surveillance, mass campaigns, such
as the Meningitis A vaccine introduction, remain missed opportunities to
strengthen health systems because they lack “integration with other health
systems” (Mounier-Jack et al. 2014; Sanou et al. 2009). Vertical global health
programs, even successful ones, miss or strategically ignore everyday reality
and significant local knowledge (McGoey 2012a, 2012b, 2014).

14.5 Integrating Knowledge from All Levels
in a Parliament of Evidence

Within the social studies of science, risk regulation regimes are characterized
as dominated by a technocratic approach and as neglecting publicly located,
socially situated epistemological standpoints, that is, the real world. Several
nations have taken this critique on board through regulatory moderniza-
tion, where strategic efforts are being directed to open up, enable scrutiny,
and solicit input into decision-making from a broad range of citizens. We
have suggested that the evidence base for risk regulation could benefit from
accommodating more ways of knowing (Graham and Jones 2010; Jones and
Graham 2009). We have argued that it is not only lay public knowledge, but
also expert scientific understanding that is neglected in modern risk regula-
tion regimes. A symmetrical approach to evidence-based risk regulation is
needed which draws from ethnographic studies, the literature on risk, regu-
latory science, and science and technology studies. Drawing from the work
of Bruno Latour and Isabelle Stengers, this framework can be developed as a
parliament of evidence for decision-making.

Policies might be created that solicit, even promote, wide public dialogue
that could generate broad information exchanges across public platforms—
that is, those outside official science-based regulatory offices—as evidence
that could be included in evidence-based decision-making. These policies
could encourage citizens with specialized knowledge to contribute to reg-
ulatory decision-making. Among Canada’s regulatory comparators—the
United Kingdom, the United States, France, and Australia—public input is
generally sought in cases where the government seeks policy direction or
approval for decisions. However, few mechanisms exist to consider public
input in a similar manner to scientific evidence.

International efforts to consider other types of citizen evidence are part of
regulatory modernization. It keeps pace with political neighbors in terms
of policy, economy, and science and technology, using such harmonizing
tools as memoranda of understanding, trade agreements, accords, and other
means of operating at a supra-state level. To the extent that it resembles
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the late twentieth-century project of modernity, regulatory modernization
authorizes scientific knowledge to be the principal informant for evidence-
based decision-making, characterizing the mutually-dependent features of
innovation and economic growth as essential goods. In this configuration,
modernization prioritizes narrowly construed definitions of expert rational-
ity over open, democratized forms of decision-making.

Yet, openness and democratization feature centrally in governments’
expressed vision of regulatory modernization. Where unresolved uncertain-
ties about risk proliferate, regulators operate in conditions where interna-
tional trends lean toward public participation in technology governance.
This is particularly true of regulatory systems designed to protect citizens
from high-profile risks when lives are at stake, such as those connected with
therapeutic health. When regulatory failure results in compromised health
or death among members of the public, trust in the regulatory system is com-
promised. This is an important implication of modernization: it works to
reduce not only technological risks, but also political ones. States not actively
engaging with their citizens risk being characterized as out-of-touch at best,
and illegitimate at worst. Structuring in public participation is a symbol of
good governance, of the state’s capacity for the social distribution of exper-
tise. The challenge for the modern regulator is to create a system capable of
pre-empting the critique that this democratic version of regulatory modern-
ization is merely rhetorical, a way to enhance the legitimacy of the regula-
tory regime while devolving responsibility for detecting and assuming risks
onto members of the public, in the name of citizenship.

Although modernization lends itself as a topic for science studies research-
ers interested in the transition from knowledge to practice, much scholarship
in this area suffers from an incomplete understanding of the requirements
of on-the-ground regulatory practice. Regulators, industry, expert advi-
sors, and citizens are all regulatory actors engaged in risk governance. On a
daily basis, these actors encounter elements of their environment that both
constrain and enable transformation. They engage in practices that help
them make sense of their environment; considering their differing episte-
mological positions, these practices often lead to contests over meaning and
significance.

The determination of evidence is a prominent site of contest in risk regula-
tion. Different actors may entertain different perceptions of what is and is
not appropriate evidence for regulatory decision-making. Growing public
awareness of the role of industry in shaping scientific evidence, from the
tobacco lobby to clinical trials and global warming, means that few dis-
agree that politics can affect the production and dissemination of scientific
research (Oreskes and Conway 2010).

In a changing paradigm of risk, regulators attempt to address the tension
between perceived (culturally constructed) and objective (identified through
expert measurement) risk (Doern and Reed 2000, p. 10). However, the ideal of
regulatory objectivity is performed differently in political cultures (Jasanoff
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2011). The distinction between objective and perceived risk, while analytically
useful, is loaded with inequity when perceptions and experiences that count
for some are not taken into account by others. This distinction reproduces
objectivity as an achievable criterion for evidence assessment. It neglects the
significance of values, power, and culture within scientific decision-making,
as well as the widespread acknowledgment of conflicts of interest and bias
buried in evidence-based, and in particular, industry-sponsored studies.
This critique of objectivity familiar to science studies scholars is gaining
ground in scientific communities, which are forced to acknowledge how
evidence has been compromised through conflicts of interest, and indeed,
how even the term “sound science” could be appropriated and used by the
tobacco lobby. With the recognition that technologies developed to create
science are equally fallible to human foibles (biases and conflicts of interest),
the need for alternative paths and mechanisms to assess evidence for risk
regulation has emerged.

The approach we proposed would enable qualitatively different kinds
of evidence to be assessed, evaluated, and judged to be valid via distinct,
identifiable, and transparent techniques (Graham and Jones 2010). We con-
sidered how to arrive at a modernized regulatory framework that accounts
for both the need to assess risk objectively through measures of safety and
efficacy, and the need to include local understandings and experiences as
relevant, valid contributions to the evidence base. The policy features of
accountability (accepting responsibility for the consequences of decisions),
openness (willingness to consider input from public sources), transparency
(making available study data and information about decisions), and flexibil-
ity (recognizing that a one size fits all approach to regulatory decisions is not
always appropriate) figure centrally. While the inclusion of “timeliness” is a
clear address to the ubiquitous industry and patient-group complaints of the
slowness of regulatory decision-making, the “open” form of modernization
proposed presents a gentler, more democratic, pluralist version in contrast to
the innovation-friendly, technocratic form of modernization. This symmetri-
cal framework proposed for transforming evidence-based risk regulation
would expand on international trends for transparency and accountability,
rather than endorse drivers for economic innovation alone.

14.6 Modernization, Risks, and Regulatory Science

Objective and perceived risk remain in hierarchical tension, the consequence
of state reliance on (scientific) evidence-based decision-making to the exclu-
sion of pragmatic citizen knowledge. First, regulators have excluded impor-
tant information based on local ways of knowing and social context; second,
they have risked fostering public cynicism by maintaining a hold on access
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to proprietary data, thereby denying independent review despite high-
profile exposures of gross misrepresentations and misjudgments in scientific
advice; and third, they have neglected the role of values in shaping scientific
knowledge. As a result, science and technology policy tends to suffer high
levels of critical attention (and, therefore, politicization) as the public and sci-
entists alike query what exactly is going on in these closed regulatory circles.
The response to political pressure often taken by official decision makers
is to “give the people what they want”: open up the system to accountable
practices, set up mechanisms for participation, and enhance goodwill (and
legitimacy) by demonstrating a commitment to meeting public demands.
However, the adoption of such measures without critical reflection and a
carefully thought out methodology and vision is unlikely to accomplish what
it sets out to do. Moreover, such an approach risks eroding the legitimacy
already held by state expert systems, as well as compromising the credibility
of the regime by investing time and taxes in consultations and similar activi-
ties that may result in very little visible change in the trajectory of decisions.
The National Institute for Health and Clinical (changed to “Care” in 2012)
Excellence (NICE) is an example of an agency that works hard to incorpo-
rate best science with a deliberative process of citizen engagement. Despite
its attempts, it is constantly under assault by industry and patient lobbyists
whenever it arrives at recommendations (Graham 2008).

Regulators are placed in a dilemma. If they retain their reliance on extant
expert systems to produce the evidence for decision-making, they risk fur-
ther destabilization from public demands associated with growing distrust
in science. If they bow to demands for greater public participation, they
risk eroding the existing strengths of their system, that is, efficiency of sys-
tematic evaluation and risk assessment in the vast majority of reviews. The
problem facing risk regulation regimes engaged in modernization is how
to find an acceptable medium that does not compromise safety and efficacy
along that spectrum of choices. To that end, symmetrical regulation would
require accountability through constructivist realism (1ot accountability
through objectivity alone); openness (1ot just transparency); and reflexivity
(not flexibility).

I
14.7 A Symmetrical Approach: Constructivist
Accountability, Openness, and Reflexivity

14.7.1 Accountability through Both Independent Scientific
Assessment and Constructivist Realism

Objectivity (along with value neutrality) is a defendable aspiration of expert
systems of scientific advice supporting regulatory frameworks; its intent of
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application of rigorous science and methods is a necessary aim. The inde-
pendence (value neutrality) in which objectivity claims are associated are,
however, widely critiqued. The consequence is that the legitimacy of sci-
entific knowledge as the primary authority for policy advice is questioned
along with the legitimacy of the policy decision. In the cause of symmetri-
cal regulation, constructivist realist knowledge might be adopted to address
this legitimacy gap, thereby acknowledging partial perspectives, social con-
texts, and shaped standpoints.

How would a constructivist-realist accountability look in practice?
Consider, for example, the accumulation of physical and social facts, call
them symptoms, which mark a neuro-social degenerative condition such
as Alzheimer’s disease. The decision as to which particular constellation of
symptoms and signs one calls upon to understand this illness depends on
whether one is a clinician or a family member. Political, social, and physical-
pathology are flexible factors affecting diagnosis (Graham and Ritchie 2006).
Building both clinical and social outcomes and regulatory mechanisms to
accommodate these varying data sources involves necessarily both con-
structivist and positivist analyses. In a similar way, regulators and indeed,
the clinical research community could apply their awareness of interpretive
relativism to their regulatory outcomes. They could push for more rigorous
clinical trial design and methodologies, including the independent analysis
of research data and results in order to detect methodological and interpre-
tive bias. Consultation with independent (nonsponsor) clinical researchers
could be used to balance the data and interpretation provided by sponsor-
supplied researchers. Legislation to control more comprehensively the pre-
mature marketing and hyping of new products could be enforced.

14.7.2 Openness, Not Just Transparency

Transparency is about provision of detailed information through one-way com-
munication. It can be seen, however, as a photo-op for deliberative democracy
in a political climate of gag orders, as a way of overloading pressure groups
seeking information on opaque policy processes. Transparency devolves
responsibility onto citizens without giving them real opportunities to contrib-
ute to decisions. Openness, on the other hand, is two-way, where information
flows in multiple directions through engaged exchange and discussion.

How might openness look in practice? The inclusion of a broader range of
constituents on official bodies would gain ground as a trust-building mea-
sure. Bringing different perspectives to the same table is one way to support
the coproduction of a symmetrical evidence base.

14.7.3 Reflexivity for a Symmetrical Evidence Base

Finally, the third feature of a symmetrical evidence approach is reflexivity,
not flexibility. Flexibility is a feature of “smart” risk regulation regimes, and
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is critiqued elsewhere (Graham 2005). Reflexivity, instead, recognizes and
builds a dialogue between conflicting systems of knowledge, for example,
experts, and experienced and concerned citizens. Conflicting expert advice
leaves decision makers with the task of determining which expert advice to
follow.

Reflexivity recognizes that not all types of evidence are assessed in the
same way. Standardization is an essential part of the process. The dilemma
of regulation is that standardization—seen as a way to ensure both fairness
and rigor—often accomplishes just the opposite. Regulators need to be pre-
pared to enact flexibility, not through a predetermined kit of approaches
from which they can draw “the perfect tool,” but rather, by assessing each
case according to the best way to deal with its particularities.

Reflexivity requires vigilance by regulators regarding methods and
outcome. If regulatory scientists discuss a “risky” (uncertain, potentially
unsafe) product together, they should be able to identify common questions
and approaches to answer them. This process should not be a systematic
wearing down of evaluators’ queries by industry-sponsored scientific teams.
Regulators need to define what outcomes are appropriate, and sponsors must
provide those outcomes. The decision on acceptable outcomes should not
be a negotiated benchmark between sponsor and regulator, but a carefully
determined outcome from several expert (independent and non-conflicted)
sources.

14.8 Conclusion

The three features described here—accountability through constructivist
realism, openness, and reflexivity—are not necessarily new in the recom-
mendations sections of scholarly critiques of risk regulation regimes. They
can be seen to overlap with features that Sarkki et al. (2014) refer to as “trade-
offs” between credibility, relevance, and legitimacy and in what Gluckman
and Allen (Chapter 10 in this volume) call the “the balancing act of science
in public policy.” In Canada, accountability, openness, and reflexivity have
been actively employed in regulatory policy-making and practice. In low
income and emerging countries, as we have seen, local knowledge (even
scientific and clinical knowledge) may provide only minimal input in tar-
geted disease initiatives. It is the way these features are operationalized in
regimes that will have an impact on not only the power of the evidence base,
but also the effectiveness of the regulatory regime as a whole. Worldwide,
policy makers have turned their attention to post-approval regulatory
activities, emphasized as a more holistic, real world lifecycle approach in
regulatory renewal frameworks. How regulators will reinforce the integrity
of pre-market assessment in a post-market environment remains to be seen
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in practice. Whether subsuming commercial technical drivers of innova-
tion and economics under principles of timeliness can satisfy all the actors,
scientific and other citizens alike, calling for accountability, openness, and
reflexivity, also remains a question. This is, perhaps, especially the case in
the growing global health economies.

A symmetrical approach to regulatory decision-making that provides
mechanisms to hear and assess different types of evidence and multiple
epistemologies would begin to address the decline in trust of regulatory
decisions brought about by highly publicized product withdrawals and exac-
erbated by the close relationship between regulator and industry, and by the
preponderance of industry-sponsored evidence. It would preempt the need
for reanalyses by independent reviewers that result in findings of unsafe
and ineffective therapies. A symmetrical approach would bridge rigorous
scientific evaluation and public input, providing the best evidence from all
available sources to be discussed and contested by a diverse range of actors
toward the goal of arriving at a common agreement. The question, para-
phrasing Latour (2003, p. 4), should not be whether the conclusion has been
constructed, for of course it has been, but whether it is based on an account-
able, open, and reflexive process that can “differentiate good and bad con-
struction” in order to arrive at the optimal decision to approve or reject a
new health product.

In a symmetrical approach to regulation, scientists, policy makers, and all
citizens have the opportunity to modestly witness, as Donna Haraway (1997)
calls it, the interpenetration of capitalism and technoscience. We have seen
where clinical research, health technology assessment, and global health ini-
tiatives do not follow citizen driven models of horizontal alliances in the type
of deep democratic manner involving longitudinal community engagement
and input considered, for example, by Arjun Appadurai (2001). Nor do they
adhere to the plea for slower science proposed by Isabelle Stengers, where “we
slow down, that we don’t consider ourselves authorized to believe we pos-
sess the meaning of what we know” (Stengers 2005, p. 2). Instead, we witness
the power of financial and corporate elites to control interests and to “favour
the “project” model, in which short-term logics of investment, accounting,
reporting and assessment are regarded as vital” (Appadurai 2001, p. 30). At
stake are precautionary consideration, democratic engagement, and sustain-
able health delivery systems. In the years leading up to the implementation
of the meningitis A vaccine, African scientists and clinicians recognized and
expressed an array of concerns (to J. Graham) surrounding the meningitis
vaccine project, including a fear of new outbreaks of S. pneumonia, meningi-
tis W 135 and meningitis X. Their knowledge, though overlapping with the
Meningitis Vaccine Project’s scientists, clinicians, and policy workers, was
deeper in contextualized understanding of the landscape of diseases and the
availability of resources to address them.

A symmetrical approach to decision-making would provide mechanisms
and a platform to hear, assess, and incorporate diverse methodologies and
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understandings. A Latourian parliament of things would bring science and
politics together to address the decline in trust of regulatory decisions exacer-
bated by anti-vaccine groups, highly publicized product withdrawals, and by
the preponderance of industry-sponsored evidence and regulatory capture.

The principles of accountability through constructivism, openness (two-
way information exchange between engaged actors), and reflexivity (where
all types of evidence are not assessed in the same way) could provide a space
whereby citizens, scientists, regulators, and the private sector could each
express a common value that would filter into their engagement. In line with
post-normal science approaches to wicked issues, extending the expertise on
which decisions are based offers a path to respect the political commitments
that are at stake (for stakeholders). Such innovations would be a force for
social and environmental change (Turnpenny et al. 2011) rather than for indi-
vidual interests and desires. Through accountable, open, and reflexive sci-
ence with public deliberation, we could see our innovations working toward
a common future where human becomings are socially, ethically, and eco-
logically transcendent. In a parliament of evidence, power elites alone would
not drive decision-making (Wynne 1996); vulnerable groups could be heard
and conflicts of interest addressed. In a parliament of evidence, the cost of
not attending to our water, our environment, and our health would matter
more than financial profit (Stern 2006).
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15.1 Introduction

The Atlantic Coastal Zone Information Steering Committee (ACZISC) is
an informal and neutral forum for information sharing and collaboration
between government agencies, university researchers, and civil society for
the integrated coastal and ocean management (ICOM) community of practice
(CoP) in the four provinces of Atlantic Canada. A CoP is defined as “a group
of people who share a concern or a passion for something they do and learn
how to do it better as they interact regularly” (Wenger 1998, p. 226). According
to Wenger, a CoP requires a domain (i.e,, coasts and oceans), a community
(i.e., members engaging in joint activities and discussions, e.g., meetings, and
workshops, and sharing information, e.g., newsletters and websites), and a
practice (i.e, coastal and ocean management). A CoP is a key component of
ICOM because people are at the root of ICOM, people with a shared concern
or mandate for the effective management of coastal and ocean resources. A
principal characteristic of a CoP is information sharing. For the ocean and
coasts, no single organization has all of the information necessary for inte-
grated management, thus making information sharing mandatory.
Established in 1992, the ACZISC has helped build the ICOM CoP in
Atlantic Canada, promoted data and information sharing between members
of the CoP, and influenced the development of ICOM policies and data and
information products to support it. This chapter provides a brief history of
the ACZISC. It describes the products and services the ACZISC has provided
to build and sustain the ICOM CoP and promote the sharing of data and
information. It also describes how the ACZISC has influenced coastal and
ocean management in Atlantic Canada, using selected examples of its work.

15.2 About ACZISC

The ACZISC has members from federal and provincial government depart-
ments and agencies, nongovernmental organizations (NGOs), industry asso-
ciations, and academe. Its activities have been supported by financial and
in-kind contributions from the four Atlantic provincial governments and
several federal government departments with a mandate and interest in
ICOM. The ACZISC has worked with partners to provide a basis for federal—
provincial NGO-community cooperation and exchange of information in
the region (Rounce and Beaudry 2002, p. 40).

The Land Registration and Information Service (LRIS), an agency of the for-
mer Council of Maritime Premiers, established the ACZISC in 1992 to develop a
regional strategy for information management in the Atlantic coastal zone and
to identify and coordinate coastal zone information programs that would form
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the basis of a region wide program (LRIS 1991). Its first meeting was held in
Halifax, Nova Scotia, on 15 January 1992, with twelve people representing nine
federal and provincial organizations. The Secretariat at that time was provided
by LRIS. Three to four ACZISC meetings per year have been held since its incep-
tion, rotating between the provincial capitals of Atlantic Canada. The ACZISC
has developed other products and services beyond the regular meetings to build
and sustain the ICOM CoP; these are described later in this chapter.

Two major strategic planning exercises have been conducted during the
tenure of the ACZISC. The most recent exercise in 2011-2012 progressed
from developing a consensus on the major issues impacting the coastal zone
through to the definition of priorities and strategies (ACZISC 2012). The three
priorities resulting from this planning process are (1) encouraging action on
the implementation of ICOM as a tool to realize environmental, economic,
and social sustainability, (2) collaborative sharing of data and information
between members and with the wider ICOM CoP on the management issues
of priority to members, and (3) encouraging the engagement of organizations
in the ACZISC that is reflective of the diversity of the ICOM CoP. Examples
of activities supporting these priorities are described here.

15.3 Influencing Integrated Coastal and Ocean Management

The ACZISC Strategic Plan Priority 1 is “encouraging action on the imple-
mentation of ICOM as a tool to realize environmental, economic, and social
sustainability” (ACZISC 2012).

15.3.1 Promoting ICOM

The ACZISC has promoted ICOM through its ICOM Working Group, organiz-
ing workshops, inviting presentations on management initiatives in Atlantic
Canada to the ACZISC meetings, and contributing to advisory committees.
The discussion paper on its role in the development and implementation of
ICOM in Atlantic Canada suggested that its strength is in providing an apo-
litical and inclusive forum for the sharing of ideas, information, and data,
leading to a consistency of approach to policy development and implemen-
tation (ACZISC 2009). Coastal strategies and policies for New Brunswick,
Nova Scotia, Newfoundland and Labrador, and Prince Edward Island have
been discussed regularly at its meetings. The ACZISC has conducted work-
shops and webinars on ICOM topics, including a 2003 workshop on large
marine ecozone boundaries in Atlantic Canada, and a 2014 workshop and
webinar on marine and coastal protected areas. Members have been active at
all Coastal Zone Canada Conferences. Recently, the ACZISC contributed to



354 Effective Coastal and Ocean Management

two significant advisory bodies, the State of the Scotian Shelf Report Steering
Committee (see Chapter 12 in this volume) and the Advisory Committee for
the National Coastal Climate Change Adaptation Assessment.

15.3.2 Building the Community of Practice for ICOM in Atlantic Canada

One aspect of a CoP is building relationships between the stakeholders in the
ICOM arena. The face-to-face meetings held regularly by the ACZISC pro-
vide an important and regular opportunity to develop relationships between
individual practitioners and organizations. The 74 ACZISC meetings were
attended by 1858 participants from January 1992 to February 2015. These
meetings had 25-30 participants, many of them regular attendees. Due to
constraints on travel in both provincial and federal governments, participa-
tion has declined since October 2011, reducing interprovincial interactions. To
partially compensate for this decline, the ACZISC has been using teleconfer-
ence and webinar technology and videos of presentations on YouTube. The
website and newsletter are also important tools for building and sustaining a
CoP by maintaining communication between face-to-face meetings.

A 2011 survey of members asked them to assess the value of the group’s
products or output. Figure 15.1 summarizes the results of this survey, cover-
ing meetings, the Coastal Activities Report, the Coastal Update newsletter, and
the COINatlantic.ca website (which replaced ACZISC’s). From the survey, the
meetings were considered by all respondents to be valuable (ACZISC 2011).
Three other products, the Coastal Activities Report (part of the minutes from
each meeting), the Coastal Update e-newsletter, and the COINatlantic.ca web-
site, were considered to be valuable by the majority of respondents. A survey
of e-Newsletter recipients indicated that most people use it for their work in
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FIGURE 15.1
The value of four ACZISC products to ACZISC members, based on a survey.
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support of research, policy development, conservation, community develop-
ment, and general awareness (ACZISC 2013). It is reasonable to assume that
the other products were used in the same way.

15.3.3 Contributions of the Coastal and Oceans Sector
to Local Economies and Well-Being

To inform and influence investment by governments in the management
of coastal and ocean resources, it is important to document the contribu-
tion of the oceans to the economies of Atlantic Canada and the well-being
of Atlantic Canadians. The ACZISC initiated and coordinated the first eco-
nomic study for Nova Scotia, which was eventually repeated in the other
Atlantic provinces. Two particular contributions in this area are described in
this chapter. An initial study, “Estimating the Economic Value of Coastal and
Ocean Resources: The Case of Nova Scotia,” using statistics from 1994, was
published in February 1998. The report concluded that coastal and ocean
resources including both the private sector, for example, fishing and fish
processing, and the public sector, for example, the Department of National
Defense, have a significant impact on the economy (i.e., total gross domestic
product (GDP) impact of $2.8 billion, or 17.5%), well-being (i.e., total house-
hold income of $2.6 billion, or 24.8 %), and total employment (i.e., 93,507 jobs,
or 24.8%) of Nova Scotians (Mandale et al. 1998).

In 2006, the ACZISC conducted a study jointly with Canmac Economics
Limited for the Atlantic Canada Opportunities Agency (ACOA), resulting in
the report “The Ocean Technology Sector in Atlantic Canada” (ACOA 2006).
The oceans technology sector consisted of 137 firms and contributed 5298 per-
son years of employment, $201.8 million of household (labor) income, and
$280.9 million of GDP on an annual basis, in direct, indirect, and induced
(spin-off) regional economic activity.

Although no direct evidence exists of the impact of these studies, the four
provinces embarked on coastal strategies after the publication of the economic
studies. At the federal level, Canada’s Ocean Action Plan states, “our oceans have
been a very dynamic growth sector for Canada’s economy, and currently gener-
ate more than $22 billion directly through ocean-related industries” (DFO 2005).

15.4 Influencing Accessibility to Coastal and
Ocean Data and Information for ICOM
The ACZISC Strategic Plan Priority 2 is “collaborative sharing of data and

information between members and with the wider ICOM CoP on the ICOM
issues of priority to members” (ACZISC 2012).
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The Commissioner of the Environment and Sustainable Development,
in the Office of the Auditor General of Canada, recognized the importance
of accessibility to information in the Fall 2010 report to the Parliament of
Canada (Vaughan 2010). This report states that “solid, objective, and acces-
sible information is essential to identify and respond to the quickening pace
and complexity of environmental change, in Canada and globally” (Vaughan
2010). The ACZISC has always promoted data and information accessibility
in its meetings, workshops, and other products and services, and worked
to bring together and increase understanding of the complementary roles
between two parts of the CoP, the ICOM policy developers and managers,
and the geospatial data and information specialists.

15.4.1 Mapping the Coast

The ACZISC has influenced coastal mapping in Atlantic Canada through
working groups, projects, and workshops. Six workshops from 1996-2015
contributed to the integration of geospatial data into mapping information
to support ICOM. The workshops were designed to share information of
mapping activities to members of the ICOM CoP, to disseminate informa-
tion about mapping best practices including accessibility to mapping data
and information, to encourage adoption of common mapping standards,
and to promote collaboration. Three of the workshops discussed laser
induced detection and ranging (LiDAR) for coastal mapping. The most
recent were organized in conjunction with the CoastGIS series of sympo-
sia on geographic information systems and computer mapping for coastal
zone management in collaboration with the Province of British Columbia
(in 2013), the United States Army Corp of Engineers, and South Africa’s
Council for Scientific and Industrial Research (in 2015). Atlantic Canadian
agencies initially expressed reluctance to adopt LiDAR technology for
acquiring elevation information over traditional photogrammetric tech-
niques. However, after the 1999 workshop and improvements in LiDAR
technology and the demonstration of the efficacy for coastal management
purposes, many LiDAR surveys have been conducted in Atlantic Canada,
although no organized regional campaign for planning or cost sharing
has yet to be established. In 2015, the ACZISC recommended that the fed-
eral-provincial Regional Committee for Coastal and Ocean Management
(RCCOM) initiate a collaborative project to document existing remote
sensing data sets, adopt a policy of data sharing between all RCCOM
member agencies, and develop a plan for priority product development
and data acquisition to support ICOM based on a risk assessment exercise
(ACZISC 2015).

In 1994, the ACZISC was selected as the Canadian coordinator for the East
Coast of North America Strategic Assessment Project (ECNASAP), conducted
in collaboration with the United States National Oceanic and Atmospheric
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Administration’s (NOAA) Strategic Environmental Assessment Division.
The ECNASAP was a groundbreaking project. It was designed to maximize
use of existing data, information, and knowledge by developing comprehen-
sive information and map products on living resources, environmental char-
acteristics, and anthropogenic impacts on the environment and its resources,
for the east coast of North America (Brown and Butler 1994, pp. 860-874).
Inshore and offshore case studies were developed. Its major contribution to
ICOM was an increased awareness of the benefits of ecosystem-based mul-
tiple species analysis of fish abundances over single species stock assessment
(Brown et al. 1996; DFO 1996).

15.4.2 Managing Data for ICOM: Building the Marine
Geospatial Data Infrastructure

Building a marine geospatial data infrastructure (MGDI) for the sharing of
data to support ICOM has been an objective of the ACZISC from its incep-
tion. The MGDI is a “system of data/information products and enabling
technologies that are critical to sustainable development and management
of freshwater, coastal and ocean areas” (Gillespie et al. 2000, pp. 15-24).

The ACZISC published its first database directory in October in 1992, a
major accomplishment. The database directory became an online resource
in 1996, and was followed by the Atlantic Coastal Information Portal (ACIP)
in May 2005. The ACZISC established the Coastal Information Technology
Architecture Plan and Standards Working Groups and supported the lon-
ger-term deliberations of the Geomatics Working Group to advance the con-
cepts originating in the Coastal and Ocean Information Network (COIN)
and Inland Waters Coastal and Ocean Information Network (ICOIN) initia-
tives (Butler et al. 1988; Hamilton 1989). The concepts were also advanced
by an initiative on the west coast of Canada called COINPacific (BCMSRM
2003).

The GeoConnections Program of Natural Resources Canada was estab-
lished in 1999 to play a key role by building the Canadian Geospatial Data
Infrastructure (CGDI). In the second phase of the program, focused on
developing and expanding the CGDI for users, the ACZISC was active in the
deliberations of the marine user node of GeoConnections to build an MGDIL
However, the marine user node was disbanded in 2010, with new empha-
sis being placed by the program on policy, standards, outreach, and CGDI
integration. Consequently, the development of the MGDI has been dispersed
and slowed.

In 2008, with GeoConnections funding, the ACZISC developed
COINAtlantic, web-based tools to facilitate the discovery and visualiza-
tion of spatial data. The first deployment of the COINAtlantic Search
Utility (CSU) tool, that replaced ACIP, had a search functionality that
was linked to the GeoConnections Discovery Portal, a metadata database
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developed and promoted by Natural Resources Canada (Sherin et al. 2010,
pp- 73-85). Subsequent versions of the tool have used the ubiquitous Google
search application program interface (API) to discover and display spa-
tial data resources that include web mapping services (WMS) and keyhole
markup language (KML) files to build maps to support ICOM practitioners
(Boudreau and McKenna 2014). In addition to the CSU, the ACZISC devel-
oped the COINAtlantic Geocontent Generator (CGG). The CGG is a web-
based tool that allows users, particularly smaller organizations contributing
to ICOM, to build basic metadata for an organization, publication, project,
or data set along with a spatial feature (polygon, line, point, etc.). It saves the
information in a web-accessible KML file, and facilitates the discovery of
the metadata by the Google search engine. These tools have been expanded,
modified, and enhanced, and continue to contribute to building a MGDI for
Atlantic Canada and to improve the discoverability and accessibility of data
needed for ICOM.

The MGDI can only be effective if data-providing agencies that hold
spatial data relevant to ICOM deliver data to the Internet using accepted
standards. In 2014, the ACZISC published a data accessibility self-assess-
ment tool (CDAST) to encourage data-providing agencies to improve
the effectiveness of data sharing, as well as data-dissemination poli-
cies and processes. The CDAST is based upon four sets of principles: the
Organisation for Economic Co-operation and Development’s (OECD)
Principles and Guidelines for Access to Research Data from Public
Funding; the Operating Principles for Canada’s Open Government
site; the principles from the United States” Open Data Policy-Managing
Information as an Asset; and the G8 Open Data Charter and Technical
Annex. In mid-2015, the CDAST was in a pilot phase for testing, and ini-
tial users were being asked for their comments, to assist with future mod-
ifications and improvements.

Through its COINAtlantic project, the ACZISC has become active in the
International Coastal Atlas Network (ICAN), a project of the International
Ocean Data Exchange (IODE) program of UNESCO’s Intergovernmental
Oceanic Commission (IOC). Participating in this network provides access
to worldwide experts in delivering spatial data and information to ICOM
practitioners (Wright et al. 2010, pp. 229-238). The ACZISC has also joined
the Data Sources Working Group of the Canadian Geomatics Community
Roundtable (now GeoAlliance Canada) as an additional vehicle to influ-
ence the national availability of marine spatial data resources in support of
ICOM.

In its recent report on ocean science in Canada, the Council of Canadian
Academies found “that challenges exist in achieving geographical cov-
erage and integration of data management” for Canada’s ocean observ-
ing systems (CCA 2013, p. xiv). The ACZISC is working with the Marine
Environmental Observation Prediction and Response (MEOPAR) net-
work to address these challenges (MEOPAR 2014). A recent MEOPAR



Information Matters 359

data management workshop recommended the establishment of an ocean
observation-data management CoP, an essential building block toward a
functional MGDI and access to ocean observation data and information for
ICOM.

Canessa et al. (2007) concluded that the vision and concept of the MGDI
have been consistent for many years and that local and regional projects, such
as COINAtlantic, have been bringing the implementation of the MGDI closer
to completion. However, they also concluded that impediments to institu-
tional collaboration are still present. More recently, commitments made to
“Open Government and Open Data” by the Government of Canada to the
Open Data Partnership (Government of Canada 2014), and the Government
of Newfoundland and Labrador (GNL n.d.), as well as discussions and ini-
tiatives in the other Atlantic Provinces, suggest these impediments may be
disappearing.

15.5 Facilitating Relationships within the CoP

The ACZISC Strategic Plan Priority 3 is “encouraging the engagement of
organizations in the ACZISC that is reflective of the diversity of the ICOM
CoP”

Since its inception, the ACZISC has worked to bring CoP members with
a science and technology interest together with CoP members with a policy
interest. In addition, coastal and ocean management often has a strong
need for data and information to be presented geospatially, especially
with the growth of marine spatial planning as a tool for ICOM. The devel-
opment of both the ICOM and Geomatics Working Groups was an indica-
tion of the range in interests and expertise in the CoP. The challenge was
to keep the attention of those in the CoP who may not be as interested
in the technical aspects of ICOM if their focus is policy issues, and vice
versa.

Through meetings, workshops, training sessions, and working groups the
ACZISC has engaged the diversity of the ICOM CoP. Varying interests, peo-
ple, perspectives, policy priorities, departments, and mandates have been
brought to the ACZISC. “Breaking down silos” between practitioners is one
of the goals of ICOM and ACZISC. ACZISC’s success in this area is difficult
to measure. However, in a 2011 survey of members, 84% of respondents con-
sidered the ACZISC to be effective at building relationships (25% somewhat
effective, 34% effective, and 25% very effective) (ACZISC 2011). Examples
of this effectiveness include data, information, and funding sources being
shared at meetings, facilitated by direct contact. Partnerships and collabo-
rations have begun between members attending meetings, illustrating the
influence of the ACZISC process.
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15.6 Discussion

15.6.1 The Changing Organizational Environment

The organizational environment has changed over time for the ACZISC.
The ACZISC and its Secretariat are no longer an official organ of provincial
governments, that is, the Council of Maritime Premiers, as the interest in
joint enterprises among the provinces has waned. The Committee still exists
and meets, but the Secretariat is now employed by an incorporated society,
the ACZISC Association. The ACZISC addresses issues important to ICOM
through building awareness, sharing information, education, and influence.
Indeed, the ACZISC has become less of a committee with a mandate to steer,
and more of a network of persons and organizations with responsibilities for
ICOM and an interest in information sharing to improve the effectiveness of
ICOM practices.

15.6.2 Shifting Coastal and Ocean Policy

With the proclamation in Canada of the Oceans Act in 1996 and establish-
ment of the Oceans Action Plan in 2005, more formal federal-provincial ven-
ues for consultation were established, with regional committees on coastal
and ocean management for the Maritimes and Newfoundland and Labrador.
This meant less emphasis on federal-provincial policy conversations at the
ACZISC.

In addition, the implementation of policy within the federal government
with respect to ICOM has changed (Ricketts and Hildebrand 2011, pp. 4-19).
For example, the Eastern Scotian Shelf Integrated Management (ESSIM)
Plan developed over a number of years in collaboration with a Stakeholder
Advisory Committee was not endorsed by the Minister of Fisheries and
Oceans (McCuaig and Herbert 2013; see also Chapter 12 in this volume).
Although some progress has been achieved on ESSIM Plan objectives, “many
of the management strategies that focused on the ESSIM area specifically,
and which would have required targeted resources and multi-sector collabo-
ration within the collaborative governance framework, were not pursued”
(Ricketts and Hildebrand 2011, p. 54). Indeed, the most recent management
plans developed for larger bioregions rather than large ocean management
areas (LOMAs) are constrained to planning solely within the mandate of
the Department of Fisheries and Oceans (Canada) (DFO). This situation con-
trasts with initiatives in the United States and Europe where integrated and
cross—jurisdictional approaches are supported by governmental policies for
coastal and ocean management.

The formation of the regional federal-provincial committees in the Atlantic
Provinces has been an important contribution to coastal and ocean manage-
ment in Canada. However, its focus is only on cooperation among federal
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and provincial government bodies, with less planning among multiple
sectors that are part of the CoP and the ACZISC. Nonetheless, the federal-
provincial committees have benefited from the experience of interdepart-
mental and intergovernmental discussion and collaboration in the ACZISC,
whose focus remains on ICOM.

15.6.3 Data Accessibility for ICOM

Despite the slow progress in building a MGDI, the data accessibility pol-
icy has been strongly influenced by the “open government and open data”
movement, nationally and internationally. Canessa et al. (2007) concluded
that the vision and concept of the MGDI has been consistent for many years
and that local and regional projects, such as COINAtlantic, have been bring-
ing the implementation of the MGDI closer to reality. However, Canessa
et al. (2007) also concluded that impediments to institutional collaborations
still remain.

The commitments made to open government and open data by the
Government of Canada to the Open Data Partnership (Government of
Canada 2014), the Government of Newfoundland and Labrador (GNL
n.d.), and discussions and initiatives in other Atlantic Provinces and at the
municipal level, suggest that these impediments may be disappearing. More
recently, the CGDI and the open data initiative became more strongly linked
with the development of the Federal Geospatial Platform (Moore 2015).
These developments, along with similar initiatives within provincial and
municipal governments, should make more data accessible for coastal and
ocean management in the near future. The ACZISC will continue to encour-
age its members to share data and work within the GeoAlliance Canada’s
Data Sources Working Group and MEOPAR to encourage this trend and the
interoperability between the approaches adopted by each province.

15.6.4 Embracing the Diversity of the CoP

The ACZISC has been effective in building and sustaining relationships
between federal and provincial agencies, universities, and nongovernmen-
tal organizations, as part of the ICOM CoP. However, there are components
of the CoP that are not effectively engaged. Aboriginal organizations in
Atlantic Canada have been present at many ACZISC meetings but an ongo-
ing relationship with this part of the CoP has been tenuous. Although there
has been some engagement of industry and industry associations, this has
been primarily with the geospatial and environmental consulting sectors.
Engagement with marine industries and their associations such as fisheries,
aquaculture, oil and gas, and so on, has been lacking and is also a recognized
gap. There is no ongoing relationship yet developed with the municipal level
of government, particularly through their associations in Newfoundland
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and Labrador and Nova Scotia. Initiatives to engage these sectors of the
ICOM CoP are planned.

15.6.5 From Data to Wisdom for Decision Support

As shown in Figure 15.2, modified from Canessa et al. (2007), there are two
ways to view how data supports the decision-making process: a data view
and a decision view. The levels progress to higher and higher levels of inte-
gration, rising from disconnected data sets, to interpretations of that data
(becoming information), to integrated comprehensive pictures or knowl-
edge, and finally to enabling decisions, each level building on the one below.
Selected ACZISC activities and products that have contributed to each level
are displayed at each level of the diagram (Figure 15.2).

At the data and data-gathering level, activities are shown for providing
accessibility and discoverability of data needed to support ICOM. These
include the various forms of database directories from paper to web-based
metadata tools, the promotion of good data management, and data acces-
sibility through the MGDI User Node for GeoConnections, GeoAlliance
Canada, Data Sources Working Group, MEOPAR Ocean Observation Data
Management CoP, and CDAST.

At the information and interpretation level, there are the presentations and
workshops organized by the ACZISC, the Coastal Update newsletter, and the

Data view Decision view
Wisdom Gt Enable decisions
Management plans

Ecosy based

Marine spatial planning

ECNASAP

Knowledge Economic studies Comprehensive picture
State of the Scotian Shelf

International Coastal Atlas Network (ICAN)

COIN Atlantic search utility
Information Meeting presentations Interpretation

Workshops
Newsletter
Website

Database directories
Atlantic Co Information Portal (ACIP)
COIN Atlanti content Generator (CGG)
COIN Atlantic Data Accessi - essment Tool (CDAST)
Geoll
MEOPAR Data Management CoP

FIGURE 15.2
From data to wisdom for decision support in ICOM. (Adapted from Canessa, R. et al. 2007.
Coastal Management 35: 105-142.)
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COINatlantic.ca website that provide information on a wide range of topics
related to ICOM. The CSU is included at this level because it provides the
user with the opportunity to pull many layers of data together into a map,
enabling basic interpretation of the relationships between the data layers.

Finally, the last layer that the ACZISC directly contributes to is the knowl-
edge and comprehensive picture. Included here are accomplishments of the
ECNASAP project that demonstrated a real world implementation of ecosys-
tem-based analysis, the comprehensive coastal pictures obtainable from the
coastal web atlases developed by the members of ICAN, the economic and
social impact of oceans and coasts demonstrated by the economic studies,
and finally state of the environment reporting in the “State of the Scotian
Shelf Report.” The top layer of wisdom and enabling decisions is outside
the control of the ACZISC. However, it has indirectly influenced the devel-
opment of coastal zone strategies, ecosystem-based management imple-
mentation, and management plans for bioregions and LOMAs, and laid a
foundation for marine spatial planning.

15.7 Conclusion

An overwhelming amount of data and information for ICOM is potentially
available from the Internet, and this information resource is growing rap-
idly. The ACZISC program strives to aid its members and the CoP in dealing
with this challenge within the domain of information for use in ICOM. The
ACZISC has coined this issue the billion URL challenge (Sherin et al. 2011, pp.
123-131). For over 23 years, the ACZISC has fostered cooperation in Atlantic
Canada in the areas of integrated coastal and ocean management, coastal
mapping, and geomatics. The nature of the ACZISC has changed over time
from an “official” committee of an interprovincial agency to a more loosely
organized network, keeping the original goals and objectives. The ACZISC
has delivered valuable products to the ICOM CoP in Atlantic Canada that
have directly and indirectly influenced strategy and policy development for
oceans and coasts in Atlantic Canada. It has been effective in facilitating pro-
ductive relationships between members of the CoP. The ACZISC’s work has
adapted to the changing coastal and ocean management and data accessibil-
ity policy environments in Canada.

As mentioned, the Commissioner of the Environment and Sustainable
Development in 2010 stated that “solid, objective, and accessible information
is essential to identify and respond to the quickening pace and complex-
ity of environmental change, in Canada and globally” (Vaughan 2010). The
ACZISC will heed the Commissioner’s message and continue to facilitate
accessibility to data and information essential for effective and inclusive
management of coastal and ocean resources and ecosystems.
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16.1 Introduction

Scientific careers in applied science within government, that is, public
service, inevitably involve working at the interface of science and its appli-
cations in program management, decision-making, and policy formation.
My career as an aquatic (marine) biologist, scientist, and science manager
for the federal government in Canada spanned the period of 1969-2006.
Studies conducted for Environment Canada (herein called EC) covered a
wide range of aquatic environmental problems, as the responsibilities of
the department expanded with the country embracing its environmen-
tal responsibilities. As shown in Section 16.4, most of the applied projects
and research were linked, directly and indirectly, to management, policy
directives, and legislation. The data and information were used to better
manage the coastal zone, through a scientific understanding and enhanced
control of water pollution. This occurred despite the fact that the practice
of integrated coastal management/integrated coastal and ocean manage-
ment (ICM/ICOM) in Canada was a vague concept, one newly introduced
through the Oceans Act (1996), or one partially in place in Canada through
this time period (see Chapter 15 in this book).

This chapter briefly describes examples of aquatic research in support of
coastal management conducted under the mandate of EC. Hence, it starts
with a description of EC’s responsibilities, followed by a description of pro-
grams in which I was directly involved, to give examples of the linkage(s)
between applied public service science and management needs under cur-
rent legislation and policies. Much of this work focused on the coastal issues
of pollution control, including in watersheds, and marine environmental
quality of the Maritime provinces of Canada. Recent activity in the depart-
ment on the science—policy interface in its science and technology programs
is then described. The chapter concludes with a summary of how public ser-
vice science, in this case with EC, interfaces with policy in the broadest sense
and relates to and contributes to coastal management.*

* Coastal management is considered to be a component of integrated coastal management
(ICM), integrated coastal and ocean management (ICOM), or integrated coastal zone man-
agement (ICZM). All deal with coastal waters, and are defined and discussed earlier in this
book.
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16.2 Environment Canada

This section covers several topics—the early history of EC; its mandate and leg-
islation, early and evolving; its national coastal and marine mandate, including
the role of the Environmental Protection Service (EPS) and its water pollution
control mandate; the significance of the Government Organization Act of 1979;
its international roles and mandate regarding ICM/ICOM,; the onset of the
national Marine Environmental Quality (MEQ) Program, 1982-1994; and con-
tributions to the National Program of Action (NPA) for the Protection of the
Marine Environment from Land-Based Activities (LBA) and the Health of the
Oceans (HOTO) initiative. Recent efforts to place more emphasis on the sci-
ence—policy interface in the department are described in Section 16.6.

EC was established as a new federal department in Canada in 1971, with
the merging of existing departments and agencies (e.g., Canadian Wildlife
Service (CWS), the Inland Waters Directorate, parts of the Fisheries Research
Board of Canada, the Canadian Meteorological Service), and the establish-
ment of the new unit, the EPS. The Fisheries Act, dating from 1867, was
strengthened in 1972 with its pollution provisions (section 36) enabling the
establishment of regulations and guidelines for industrial pollution control
on a sectoral basis. With the stronger Fisheries Act, considerable work com-
menced in a cooperative way with industry to control air and water emis-
sions of polluting substances on an industrial sector basis, as defined under
the Act (see Section 16.4; Pessah and Cornwall 1980; Fisheries Act 1985; Taylor
et al. 2013; Wells and Doe 2014). Work also commenced on completely new
legislation, the Ocean Dumping Control Act (1975), to prevent pollution from
disposal at sea through permits (www.ec.gc.ca), and the Environmental
Contaminants Act (1975), to assess and control hazardous chemicals, both
Acts being “subsumed into the Canadian Environmental Protection Act in
1988, together with the Clean Air Act, the nutrient provisions of the Canada
Water Act, and certain provisions of the Department of the Environment
Act” (www.ec.gc.ca/lcpe-cepa/). The Department was EC until 1976, then
the Department of Fisheries and Environment to 1979, when the Government
Organization Act (1979) was passed, forming the Department of Fisheries
and Oceans (DFO) and a new Environment Canada. At that time, all the
tisheries and associated research activities, including those dealing with the
fate and effects of chemical pollutants in the marine environment, were split
off into the new DFO, complicating joint research and monitoring at the sci-
entific level. That event notwithstanding, considerable cooperation and joint
projects continued between the two departments in coastal and ocean sci-
ence, contributing to nascent efforts in ICOM.

EC has also had many international roles and responsibilities to monitor,
prevent, and control pollution. For the marine environment, there was the
London Dumping Convention (eventually the London Convention 2006)
(J. Karau, personal communication) and the MARPOL 73/78 Convention
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(MARPOL 1978), coordinated by the International Maritime Organization,
and considerable input to the United Nations Convention on the Law of the
Sea (UNCLOS) (1982), notably through Part XII on marine pollution. Concern
about the effects of land-based pollution on coastal estuaries and waters led
to Canada and EC being involved in developing the 1985 United Nations
Environment Programme (UNEP) Montreal Guidelines for the Protection of
the Marine Environment against Pollution from Land-Based Sources (UNEP
1985; Wells and Gratwick 1988).

It was during this period that the department initiated the national MEQ
Program, led by the Ottawa, Ontario, and Dartmouth, Nova Scotia, offices.
The MEQ program was important to Canada’s contribution to ICM/ICOM.
It attempted to tie together the various departmental (EC) activities on
marine research, contaminants and wildlife monitoring, state of environ-
ment reporting, and interdepartmental cooperation on marine matters. The
program made significant progress with its emphasis on reporting on health
of the oceans, increasing the profile of the issue of land-based marine pol-
lution, the establishment of the Atlantic Canada Action Program, and con-
tributions to the Interdepartmental Committee on Oceans (Wells et al. 1987;
Wells and Rolston 1991; Wells 1996; Vandermeulen 1998; Vandermeulen and
Cobb 2004; Wells 2005; L. Hildebrand, personal communication). Despite
these successes, in the changing federal landscape of fiscal resources and
shared ocean responsibilities, the MEQ program failed to evolve into a fully
integrated marine program for the Department. However, it contributed
significantly to considerations of what to include in the newly proposed
Oceans Act (Wells 1996), led by DFO and passed into law in 1996-1997. MEQ
became one of the three pillars of the Oceans Act; with its other objectives
of establishing large ocean management areas (LOMAs) and marine pro-
tected areas (MPAs) for Canada’s coastal areas, the Oceans Act became a key
component of Canada’s effort to demonstrate ICM/ICOM in waters under
its jurisdiction.

During the 1990s, following on from its earlier involvement with UNEP on
the land-based marine pollution issue, EC was active as a lead for Canada’s
NPA for the Protection of the Marine Environment from LBA, formally
started in 2000. According to J. Karau (personal communication),

the NPA was an early attempt at applying ICZM, and Canada was the
first country to develop such a plan under UNEP. The early MEQ pro-
gram and its Health of the Oceans report (Wells et al. 1987; Wells and
Rolston 1991) were critical building blocks for the NPA.

The NPA program of UNEP continues, but Canada’s participation has
waned in recent years, despite the importance of managing land-based
marine pollution or LBA as a component of an effective ICOM program.

In 2007, another HOTO initiative of the Government of Canada began,
with EC working together with various other federal departments (DFO,
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Transport Canada, Parks Canada, and Indian and Northern Affairs Canada).
HOTO was one of the new Oceans Act initiatives (the others being MPAs
and Integrated Coastal Marine Areas or Areas of Interest (ICMAs/AQIs)). EC
was formally recognized by DFO as having a role in developing the national
network of MPAs. Such areas were now considered more broadly to mean all
coastal and oceanic areas that offer some level of protection to ecosystems,
wildlife, and living resources (Stewart 2010), given the CWS and EC’s long
history with wildlife conservation areas and refuges.

Not to be forgotten is the long-standing contribution to marine environ-
mental protection of EC’s Arctic and Marine Oilspill Program (AMOP) con-
ference series. This series is now over 30 years old; through new research,
accumulated information, and networked experts from many sectors, it has
contributed significantly to Canada’s ability to respond to maritime emer-
gencies (spilled oil and chemicals, gas blowouts, and so on) in ocean areas
under its jurisdiction, both nearshore and offshore.

As a federal agency, EC has a complex and continuing responsibility
regarding Canada’s ocean spaces, especially for its watersheds and estuaries,
and along its coasts. Its place among the other departments and jurisdictions
for matters dealing with ICOM has become clearer with time, although per-
haps not with the urgency needed. In areas ranging from pollution control to
climate change to wildlife conservation, EC will continue to contribute to the
science, information, policy, and management initiatives underlying ICOM
for Canada in the twenty-first century (also see Ricketts and Harrison 2007;
Ricketts and Hildebrand 2011).

16.3 Career-Based Perspective of Science-Policy
Linkages and the Role of Information

As shown previously, the science—policy interface(s) was operationalized
early on in specific programs of EC and considered critical to the function
of the department. There were many functions and governance levels in
EC in which science interacted with policy, especially at its headquarters in
Ottawa. As well, there has been a more recent emphasis on the importance
of such interactions (see Section 16.6).

By analyzing selected case studies based on one’s own work experience
in EC and admittedly limited perspective, largely dealing with Canada’s
coasts and oceans, what can be learned specifically about the use of sci-
entific information in program management, decision-making, and policy
formation? Do any new insights emerge about the function of the so-called
science—information—policy or science—policy universe? Much of my career was
spent working on applied coastal and marine problems under a defined
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mandate in EC. In this context, some light may be shed on the importance
of understanding the science—policy interface, not only for this department,
but, importantly, for advancing ICM and ICOM.

My research (alone and with coworkers) in EC spanned a period over-
lapping the personal computer and information revolution: typewriters,
secretaries, fax machines, mainframe computers, and labor-intensive labora-
tory and field techniques eventually gave way to desk and laptop comput-
ers, smart phones, e-mail and instant communication, and fully automated
experimental techniques. This revolution has changed the generation, flow,
and accessibility of data and information and the way the users of infor-
mation (in this case, environmental managers, decision makers, and policy
makers) can both acquire information and influence the generation of new
information in science programs within their purview. The past few decades
(1980s onwards) have been a transitional period for high-level decision
makers who are charged with acquiring and applying specific information.
The dimensions and dynamics of the science—policy interface or science—
management—policy interface have changed as a result of these events.

16.3.1 Case Study Methods

The information sources for the selected case studies were papers and reports
from the different programs and projects under analysis, documented in a
curriculum vitae (Wells 2015). Each case study is summarized, considering
the following questions: (1) Which event, directive, or question led to the
study? (2) What did the study consider? and (3) How was the new infor-
mation used, once published, within the federal government system, with
insights on science—policy linkages? A limitation of this approach is that the
observations, experiences, and outputs of only one individual were used
for the analysis, that is, it is a limited analysis and perspective, being more
illustrative than definitive of the use and influence of scientific information
in the fields of water pollution, marine environmental quality, and marine
environmental management.

16.4 Results and Discussion

Eight case studies (project areas) are presented, spanning the period 1970-
2007 and addressing the questions posed in Section 16.3.1. The studies were
in the areas of marine oil pollution and water pollution/aquatic toxicology.
Table 16.1 illustrates how the various studies link to management and pol-
icy and provides an overview and subjective assessment of the operational
importance of the science—policy interface. References to the many papers
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and reports generated from the studies have been limited for reasons of
space but are exhaustively recorded in Wells (2015).

16.4.1 Oil Pollution in the Ocean and Oil Spill
Countermeasures (1970-2006)

16.4.1.1 Effects of Crude Oil on Lobsters

This study on the sublethal effects of Venezuelan crude oil on lobsters
was initiated due to concerns about the fate and effects of oil pollution in
Canadian marine waters, especially the effects on valuable fisheries resources
and marine wildlife (Wells 1976). The tanker Arrow had spilled Bunker C oil
into Chedabucto Bay, Nova Scotia, in early February 1970, threatening local
coastlines and fisheries. Due to this spill and earlier ones (Torrey Canyon 1967,
Florida 1969; Santa Barbara blowout 1969), both government and industry
expressed a need for a greater understanding about the fate and effects of oil
in marine waters, as well as for information to strengthen the Fisheries Act
pollution provisions and to protect important fisheries. Hence, the research
was driven by practical concerns of the oil and shipping industries, includ-
ing refineries, the IMO, the federal government, and academic interest.
Fundamental scientific questions and policy needs drove the research and
interacted in the development of the research.

On the Atlantic coast, one of the most valuable fisheries is for lobsters
(Homarus americanus). As little was known at the time about the susceptibility
of the lobsters” young life stages (larvae and post-larvae) to aquatic pollutants,
research on the acute and sublethal effects of crude oil on these organisms
was conducted during 1970-1976 as a doctoral study (Wells 1976; Wells and
Sprague 1976). It was supported by the Canadian Natural Sciences and
Engineering Research Council, Imperial Oil Limited, the Huntsman Marine
Laboratory (now the Huntsman Marine Science Centre), and the Department
of Fisheries and Forestry (subsequently Fisheries and Environment Canada).
Knowledge gained during the research, especially pertaining to the high
sensitivity, that is, low toxicity thresholds, of the larvae, contributed to later
toxicity studies on oil spill dispersants (see below), as well as to reviews on
oil pollution and spill control agents requested by the United States National
Research Council (Washington, DC) and the IMO. The science, though
largely undirected or basic research, was very tightly fitted to policy and
legislative needs in Canada on pollution control and fisheries conservation.
This work contributed to both national and international policies on the
response to, and management of, marine oil spills.

16.4.1.2 Oil Refinery Toxicity Study

The Fisheries Act was revised in 1972 with the addition of pollution control
provisions that included the need for aquatic toxicological information on
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industrial effluents at source, that is, before the effluents are released into
receiving waters. Under the Act, oil refinery regulations and guidelines were
being developed; information was needed on the detailed chemical character-
istics of the various refinery effluents that operationally were discharged into
receiving waters, for example, the Bay of Fundy or Halifax harbor, including
a description of their acute toxicity to fish as protected under the Act. The
established legislation and the policy for requiring site-specific toxicity data
on effluents were directing the science. Hence, a study was conducted for
Fisheries and Environment Canada in 1972 on the toxicity of final effluents
from the Saint John Irving Oil refinery on lobster larvae, using the techniques
developed for the crude oil studies (see Section 16.4.1.1). The results were pub-
lished in a technical report (Wells 1973) and reported in government corre-
spondence to a government-industry technical committee addressing details
of the regulations and guidelines proposed for this industry. The science, in
this case applied, was very tightly fitted to legislative needs, the policy of lim-
iting pollution from this industry already having been made.

16.4.1.3 Oil Spill Dispersant Toxicity Program Studies, Environment Canada

Research was conducted from 1973 to 1985 as part of the development of
dispersant use guidelines and product approval for Canada (Environment
Canada 1984). A policy decision had been made by oil spill emergency
personnel within Fisheries and Environment Canada (Ottawa) to consider
industrially produced dispersants as a countermeasure option at marine oil
spills, but to only use products known to be effective at oil dispersal and of
low acute toxicity to fish, as broadly defined in the Fisheries Act. Hence, the
research was conducted in response to a policy decision, though no formal
written policy for dispersant use was in place until 1984.

Results from a formal program on dispersant effectiveness and toxicity
testing were considered crucial to the development of an acceptable pol-
icy. This work was conducted in the EC toxicity laboratory at the Bedford
Institute of Oceanography (BIO), Dartmouth, Nova Scotia, in the 1970s (Doe
and Wells 1978; Wells 1984; Wells and Doe 2014). The initial research results
were reported in internal reports to EC managers, who then compiled a pre-
liminary list of dispersant products approved for use at Canadian spills. As
well, a summary paper was written for an international conference (Doe and
Wells 1978), an invited talk was given at a Gordon Research Conference on
oil spills by Wells (1984), and the development of the Canadian dispersant
use guidelines was co-led by the BIO research team (Environment Canada
1984). Several other research studies on dispersants were conducted and
advice on testing procedures was provided to governments in the United
Kingdom and Brazil (Araujo et al. 1987). As a result of the collective studies,
a definitive list of acceptable dispersant products was made for Canada, giv-
ing guidance to authorities in the Canadian Coast Guard and oil industry
charged with stockpiling them for possible use at spills. Hence, there was a
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direct link between the science on dispersant effectiveness and toxicity, and
the proposed management of marine oil spills, both of which influenced the
emerging policy on dispersant use.

16.4.1.4 United Nations Reviews on Marine Oil Pollution

Several UN agencies and the headquarters in New York participate in the
Joint Group of Experts on Scientific Aspects of Marine Environmental
Protection (GESAMP) and have an interest in the fate and effects of marine
oil pollution. Oil is a recognized marine pollutant under MARPOL 73/78
and the London Convention. The IMO has a special interest in marine oil
pollution, as it is responsible for all aspects of the safety and functioning of
ships and international shipping. The GESAMP Secretariat at IMO requested
a general study of global oil pollution in the late 1980s, as an update to an
earlier one, and stimulated by the massive Exxon Valdez spill of March 1989
in Alaska. Canada, that is, EC, was invited to participate in and lead the
science-based review, which was published in 1993 (GESAMP 1993). A sec-
ond study was requested in the late 1990s to describe all sources of oil pollu-
tion from sea-based activities, including operational inputs, and to describe
the global spatial and temporal trends in oil pollution (GESAMP 2007). How
most of the UN member agencies of GESAMP used the data and reports
in decision-making is not directly known, but the 1993 report is well cited
in the literature (MacDonald et al. 2004). As well, both reports were tabled
at the IMO Marine Environmental Protection Committee (MEPC) meetings,
the key decision-making arm of IMO regarding prevention and control of
pollution from ships. From the 1980s onwards, many efforts were made by
the shipping industry to reduce oil discharges in the ballast water of tankers,
operational discharges of waste oils from all types of ships, and accidents in
coastal waters, thus showing a direct science-policy—-management linkage at
the international level.

16.4.2 Water Pollution and Aquatic Toxicity Studies

16.4.2.1 Aquatic Toxicity Testing: Methods Development and Application
to Industrial Effluents and Related Chemicals (1974—Present)

Several events led to the extensive toxicity testing of industrial effluents and
their component chemicals and fractions in the 1970s and 1980s at the Toxicity
Evaluation Section, EPS-EC, BIO. As mentioned previously, the Fisheries Act
(now 1985) had been revised in 1972 with section 36 now covering new pol-
lution control requirements. Industrial effluent regulations and guidelines
were being developed on a sectoral basis, with provisions for effluent quality.
Information on the chemical and biological characteristics of the effluents was
required, including a description of their acute toxicity to fish. The established
policy for controlling pollution and resulting federal legislation were directing
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the applied toxicology (science). Importantly, the bioassay provisions of each
guideline or regulation were established due to a winning argument that
every industrial effluent being discharged into waterways should be acutely
non-toxic, that is, nonlethal, to fish (Pessah and Cornwall 1980; Wells and Doe
2014). Many effluents were tested for acute toxicity over the years, including
wastewater from pulp mills, oil refineries, mines, chlor-alkali plants, fish pro-
cessing plants, sewage treatment plants, battery plants, and textile plants.
Scientific results were presented initially as internal governmental reports
and directed to a technical committee (the Intergovernmental Aquatic Toxicity
Group) and an oversight management committee, with both committees
addressing the details of proposed regulations and guidelines. Many of the
reports were later published in the EPS regional technical report series. The
information was used directly to establish compositional limits for effluents
of various kinds; it was exchanged with similar programs across the country,
especially for quality control. The scientific studies on effluents and the associ-
ated ancillary studies, for example, studies on reference toxicants and studies of
effects of various physicochemical parameters, species, fish size, and water qual-
ity, on toxicity, were closely linked to the needs of managers and policy makers,
as well as to the lawyers in EC who were drafting the relevant guidelines and
regulations. The studies were initiated by both the science and management
units of EC and guided by the new policies and management needs for water
pollution control. This is a clear example of an effective science—policy interface
operating to further the protection of Canadian watersheds and coastal waters.

16.4.2.2 Toxicity Studies of Forestry Pesticides (1976-1980)

The forestry industry in New Brunswick in the 1970s used various pesticides
in its long battle against the spruce budworm, raising several environmental
and human health concerns. Due to effects on wildlife, DDT had been termi-
nated from most uses in Canada by the mid-1970s and was discontinued from
all uses in 1985. However, replacement pesticides such as organophosphates
and carbamates were being introduced, the active pesticide ingredient being
in proprietary formulations. The federal government took the lead in the envi-
ronmental research, conducted by both EC and DFO; it was considered a high
priority due to concerns about effects on water quality and aquatic life. The
research focused on the composition and toxicity of the different pesticide
products being registered for use, and the toxicity of various formulations
being applied. The parent pesticide was always applied in a solvent, and these
varied in composition. There were also concerns about human health effects,
as pesticides were often sprayed close to residential areas; this research was
undertaken by Health Canada. The aquatic science studies conducted by
EC provided information and advice to senior managers and policy makers
(Lord et al. 1978; Wells et al. 1979; Wells and Doe 2014). Guidelines for use
were considered for the newly introduced pesticides. One outcome of this



Science—Policy Linkages in Environment Canada 379

research was that the organic solvent nonylphenol was identified as being
in the organophosphate pesticide (Fenitrothion) formulations; because of its
high toxicity to fish and its connection with a human illness called Reye’s
syndrome, this solvent was eventually replaced. These studies again showed
a close working linkage between science, policy, and program management
within the federal government, the policy of trying to find environmentally
benign pesticides driving the science and its applications, and the scientific
findings influencing new pesticide approval and use.

16.4.2.3 Sediment Toxicity Studies in Halifax Harbor, Nova
Scotia, and Bay of Fundy (1991-1999)

Two events led to marine sediment toxicity studies in Nova Scotia and the Bay
of Fundy. First, the Halifax municipal government decided to treat Metro’s
sewage that was entering into Halifax harbor largely untreated, hence abiding
by Canada’s imminent sewage guidelines; baseline data on the water and sedi-
ment quality of the harbor were needed to demonstrate the efficacy of the clean-
up. The second event was the growing concern about the quality of intertidal
sediments in the upper Bay of Fundy and their effects on shorebirds. Sediments
were thought to be chemically contaminated and physically changed by land-
based activities, especially agriculture, sewage, and coastal barriers (affecting
hydrological cycles), hence having effects on food organisms, especially crusta-
ceans, of the birds dependent on that environment. Both studies were stimulated
by policy and management decisions, one by the Halifax Regional Municipality,
and one by the federal government (EC—Canadian Wildlife Service).

Each study resulted in a description of the toxicity of surficial sediments
using the microscale, bacteria-based toxicity test Microtox® (Cook and Wells
1996; Wells et al. 1998; Cook et al. 1999). The Halifax harbor study’s information
was used, with other information, in further discussions regarding the location
and level of treatment of the sewage treatment plant(s) for Halifax. A decision
was made in the late 1990s to build three advanced primary sewage treatment
plants. The Bay of Fundy information contributed generally to an understand-
ing of intertidal sediment quality in the upper Bay (Wells et al. 1997), espe-
cially near farmlands, and supported a continued effort to describe its quality
and ecology in relation to shorebirds (Hamilton et al. 2006). Both applied stud-
ies were in response to management and policy decisions on marine environ-
mental protection (sewage) and conservation (shorebirds). They contributed to
a better understanding of the effects of chemical pollutants in coastal waters,
an understanding critical to effective coastal management.

16.4.2.4 Gulfwatch: A Chemical Contaminants Monitoring Program

The Gulfwatch program is an international, intergovernmental, chemical con-
taminants monitoring program sponsored by the Gulf of Maine Council on the
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Marine Environment. It began in 1991 as part of the Council's first action plan
and has continued due to government agencies in both Canada and the United
States recognizing the need to monitor aspects of ecosystem health in the Gulf
of Maine and Bay of Fundy. The program measures trace chemicals in mussel
(Muytilus edulis) tissues, following the standard U.S. Environmental Protection
Agency toxic chemicals listing of metals, pesticides, polycyclic aromatic hydro-
carbons, and polychlorinated biphenyls. Mussels are collected annually from
a selection of over 50 intertidal stations around the Gulf of Maine and Bay
of Fundy. The data are available at www.gulfofmaine.org/gulfwatch; many
reports and papers have been published (e.g., Chase et al. 2001; Chamberlain
and Wells 2014). The information is used by state and provincial authorities
to advise on the use of coastal waters for molluscan shellfish fisheries (clams,
scallops, mussels, oysters), on amenity use by the public for swimming and
fishing, and on the general environmental quality of coastal waters of the Gulf
of Maine (Chamberlain 2014; Harding 2013; Harding et al. 2005). A close link-
age exists between this monitoring program, regional marine environmental
policy, and legislation in two countries protecting water quality, molluscan
shellfish, and human health. In this case, biological monitoring is considered a
cornerstone of integrated coastal environmental management.

16.4.2.5 Other Studies

During my career with EC, I was involved in numerous other studies, some
basic science, some directly applied. They were all motivated by the federal
policy in Canada of preventing and controlling aquatic pollution from toxic
chemicals. The research helped generate a new subdiscipline of aquatic toxi-
cology (Wells et al. 1998), it contributed to the development and application
of applied toxicity (biological assessment) protocols for environmental pol-
lutants, used federally and provincially (Taylor et al. 2013), and it contributed
to senior management’s acceptance of life-cycle analysis and monitoring as
a way of controlling the hazards of toxic chemicals (Coté and Wells 1991).
Close collaboration with and direction from management and senior policy
makers, as well as with the legal profession working for EC, was the over-
riding operating principle. A well-tuned, practical science—policy interface
in the department, with information and advice moving in both directions,
was a functional reality throughout my scientific career.

16.5 Discussion: Career-Based Perspective of the
Interface between Science and Policy

Some principles and general features of the science—policy interface, or what
in reality is the science—information—management—policy interface, are apparent
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from considering the previous eight personal case studies (see Table 16.1).
As well, there is value in recalling the general experience of working as an
applied scientist within a federal government department (EC) for 32 years.
What were the nuggets of this experience, the particulars of the studies
being well documented in the primary and gray literature? Are there some
novel insights, helpful to the overall discussion of the role of information and
information management in ICM and ICOM?

In broad terms, most of the science pursued by the Canadian federal gov-
ernment (the public service) scientist is conducted under policy guidance.
That is, the research fits under, is funded by, and is justified by the mandate
of the particular department, its mission, and relevant legislation. Although
there are exceptions, for example the National Research Council of Canada
until recently, it is generally not undirected, curiosity-based research, as is
conducted in university departments and associated research institutes such
as medical centers. Although some undirected research is indeed encour-
aged by progressive managers, it is largely mission-oriented research, linked
directly to departmental mandates, legislative responsibilities, and govern-
mental policies and priorities of the day. Most of the research and applied
studies described here fit this description, and all in one way or the other
contributed to Canada’s efforts in water pollution control, a component of
integrated coastal management (see Chapter 1 in this book). Information from
both forms of research contributed to ICM and ICOM in Canadian waters.

The science-management—policy linkages may be formal or informal. If
formal, they are based on the demands of already-established legislation, or
the anticipated needs of planned legislation; the aquatic toxicity studies of
industrial effluents (see Section 16.4.2) conducted for Fisheries Act applica-
tions are an example of this kind of science. The linkages may also be infor-
mal. Some scientific studies were conducted with decision makers involved,
but with the implications for formal policies as yet unknown, for example,
the toxicity studies of crude oil and pesticides. In both cases (formal and
informal), the opportunity for unexpected discovery is present and may be
profound, as shown by discovering the high sensitivity of decapod larvae to
chemical contaminants in refinery effluents and the presence of a toxic sol-
vent in the pesticide formulations. However, the ever-present goal of making
an unplanned discovery is not the primary motivation for the work, even if it
may be important to policy. In my experience, all parties to the research, the
researchers, managers, and policy makers, usually recognized the implica-
tions of unexpected findings.

The science-management—policy linkages (or relationships), as they
involve personnel and budgeted programs, are often layered in time and
space within the working department. The linkages may be nonsequential
and opportunistic, and they are generally unique to the problem at hand. As
well, how the new scientific information might be utilized may be serendipi-
tous, especially if the science is conducted with maximum awareness of the
possibility for unforeseen results. Hence, the policy pull on the science may
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be tempered with new understanding of the problem at hand, and all actors
must be flexible and accept compromise. Indeed, this may be an underlying
principle of information use for ICM and ICOM; what may advance manage-
ment of an environmental problem, for example, how to respond to an oil
spill, or manage a fishery, may require a novel approach.

The scientific literature is the repository for the results of studies as
described previously, conducted in response to a policy directive or leading
to a new policy. Whether the information comes from literature that is gray
or primary is generally of little interest to the policy maker or program man-
ager; their concern is in the information’s timeliness, reliability, and utility.
Often, all the policy maker sees is a briefing note, expertly written and based
on relevant internal studies and/or on externally published information. A
program manager might see a report or paper itself and use its information
appropriately to fit the problem at hand. Either way, in my experience, the
science—policy interface functioned for a range of problems affecting ocean
management.

16.6 Recent Activities on the Science—Policy
Interface in Environment Canada

Various recent initiatives have occurred within EC and the related Canadian
Council of Ministers of the Environment (CCME) on the topic of the science—
policy interface. A series of science policy workshops were held in the early
2000s, apparently in response partly to the Walkerton, Ontario, incident of
contaminated drinking water in 2000 that killed several people and sickened
many others (Schaefer and Bielak 2005, 2006; Bielak et al. 2008). Workshops, a
favored tool of policy makers to initiate activity on a priority issue, were held
on several freshwater issues, including the effects of agricultural activity,
groundwater, water reuse and recycling, water quality monitoring, and
wastewater treatment. The workshops were considered useful for inform-
ing the decision-making process. One workshop also addressed water and
climate change in this context (Government of Canada 2008). The final report
of the workshop series gave a summary of lessons learned. A major lesson
was that

there is growing consensus that to ensure science better informs the
decision-making process, researchers and policy/program managers
need to understand and respect each other’s way of working, culture and
operational timelines. They must also interact more routinely. (Schaefer
and Bielak 2005, p. 4)

According to Bielak et al. (2008),
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EC is both a significant environmental science performer and the
responsible federal authority for policy and regulation development,
program delivery, and enforcement in a range of environmental areas.
This being so, the interface between science and policy is critically
important in ensuring effective use of limited resources to deliver on an
extensive mandate.

CCME and EC summarized the workshop initiative through the report,
Effectively Bridging the Gap: The Case for Science—Policy Workshops. The
report identifies two needs, “to customize and target science knowledge to
the preferences of user audiences to improve uptake and utility in making
decisions” and “to develop mechanisms for sustained interactions between
the two groups (science producers and science users) to ensure both a push
of science knowledge (science push) and opportunity for science to inform
the research agenda (policy pull)” (EC 2010, p. 2).

Of direct relevance to the core discussion in this chapter (Section 16.4)
are recent articles by Bielak (2013, p. 647) and Schaefer (2013, p. 1000). Bielak
states, “Ultimately, science must be used to be useful. Science—policy link-
ages are key to ensuring that policy-relevant research reaches those who
need to have it, to make decisions in timely fashion.” Schaefer states

There is a need to develop mechanisms or opportunities for sustained
interaction between these two groups (scientist and user audience) not
only to ensure a regular “push” of science knowledge but also to allow
science users to inform/influence the research agenda (“policy pull”).

These statements, seem unarguable and certainly were my experience.
One wonders just how informed the writers were of the past history of EC,
its operations across Canada since 1971, and the intimate tie between its sci-
ence and the day-to-day application of its mandate, at least in the so-called
regions, that is, those departmental units located far from the Ottawa and
Ontario department bureaucracy.

As for EC’s marine and ocean responsibilities, some programs have been
jointly run between EC and other federal departments, and the science is inti-
mately linked to legislation and policy, for example, shellfish monitoring by
EC, DFO, and the Canadian Food and Inspection Agency, and oil spill emer-
gency response by Transport Canada, DFO (including the Canadian Coast
Guard), and EC. For other issues, for example, marine environmental quality
(Wells and Rolston 1991), the science advice of DFO may be brought forward
to EC for consideration, where appropriate. Another example is the report on
marine ecosystem status and trends (CSAS 2010), which documents Canada’s
progress toward meeting the Convention on Biological Diversity biodiver-
sity targets for 2010. Both departments, DFO and EC, were involved in these
efforts. The report discusses the science—policy interface and concludes that
improved collaboration among Canada’s ecological research, monitoring and
policy communities and institutions, focused on identifying and addressing
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policy-relevant questions, would enhance future assessments of status and
trends related to the oceans.

16.7 Conclusion

Environment Canada is a federal department whose mandate from its begin-
ning in 1971 has demanded a close science—policy linkage. Its broad mandate
covers all aspects of water research and management, and it shares respon-
sibilities for marine waters with numerous federal departments, as well as
with other jurisdictions, including the provinces and municipalities. Hence,
its scientific and policy contributions to ICOM are many, varied, interdisci-
plinary, and continuous. The extent of such contributions often depends as
much on the scientific and technical practitioners as on any formal policies.
From the inception of the department, the goals for the aquatic scientist have
been to identify, understand, and manage water-related problems, as well as
to protect and conserve aquatic ecosystems generally. Its scientists, though
seldom schooled in public policy, are by and large enthusiastic contributors
to the policy process when opportunities and demands exist—witness the
contributions of Bielak and associates, noted previously and in Sections 16.4
and 16.5. Recognizing the land—sea connections, EC has a long history of con-
tributing information essential to ICOM in Canadian waters. The examples
in this perspective chapter are merely a glimpse into this contribution, and
to an understanding of the dynamics of information generation and flow at
the science—policy interface in coastal and ocean management.
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17.1 Introduction

Established in 1945 as an agency of the United Nations (UN), the Food and
Agriculture Organization (FAO) leads international efforts to eradicate hunger,
food insecurity, and malnutrition. Its vision is “[a] world free from hunger and
malnutrition where food and agriculture contribute to improving the living
standards of all, especially the poorest, in an economically, socially, and envi-
ronmentally sustainable manner.” Three global goals underpin this vision:

¢ Eradication of hunger, food insecurity, and malnutrition, progres-
sively ensuring a world in which people at all times have sufficient,
safe, and nutritious food that meets their dietary needs and food
preferences for an active and healthy life

e Elimination of poverty and the driving forwards of economic and
social progress for all, with increased food production, enhanced
rural development, and sustainable livelihoods

¢ Sustainable management and use of natural resources, including land,
water, air, climate, and genetic resources, for the benefit of present and
future generations.

FAO is made up of 197 members* Its governing body, the Conference,
meets every two years to review FAO’s work and to approve the Programme
of Work and Budget for the next two-year period. It elects the Council (49
members serving three-year rotating terms), which acts as an interim gov-
erning body, and the director-general (four-year term), who heads the agency.

The members fund FAO through contributions set at the Conference.
Members and other partners provide additional voluntary contributions in
support of FAO’s Programme of Work and, in particular, its implementation
in the field. The Programme of Work and Budget is delivered in four broad
and complementary ways:

¢ Putting information within reach

e Sharing policy expertise

¢ Providing a forum for members and other stakeholders to meet, con-
sult, and decide on international efforts to eradicate hunger

* They include 194 member nations, 1 member organization (the European Union), and 2 asso-
ciate members (Faroe Islands and Tokelau).
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¢ Bringing knowledge to the field, in particular in developing coun-
tries and countries in transition

FAO puts information within reach of governments, academia, civil soci-
ety, and the donor community by collecting global statistics, studies, and
analyses and by disseminating this information through its channels and
in national, regional, and international fora. FAO also plays a lead role in
developing and implementing methodologies and standards for data collec-
tion, validation, processing, and analysis and provides essential statistical
capacity development to its members.

The FAO Fisheries and Aquaculture Department (the Department) is man-
dated to strengthen global governance and members’ managerial and techni-
cal capacities and to lead consensus building toward improved conservation
and use of aquatic resources. Its work centers on the “sustainable manage-
ment and use of fisheries and aquaculture resources,” embracing normative
activities, for example, statistics, and operational activities. Fisheries statis-
tics have a pivotal role in this work, and the trend information they provide
is the basis for the formulation of fisheries policy and management (FAO
2003). The emphasis on evidence-based decision-making in governments
and organizations at all levels puts a greater focus on statistics and their role
in measuring and monitoring progress toward national and international
development goals and targets.

FAO’s work in statistics is gaining further visibility and importance within
the framework of the post-2015 Sustainable Development Goals (SDGs)
(www.sustainabledevelopment.un.org) through identifying indicators for
monitoring progress toward goals and targets that fall within FAO’s man-
date, in particular, proposed Goal 2 (End hunger, achieve food security and
improved nutrition, and promote sustainable agriculture) and proposed Goal
14 (Conserve and sustainably use the oceans, seas, and marine resources for
sustainable development).

This chapter summarizes FAO’s work in the area of fisheries and aquacul-
ture statistics and information, analyses its links and interface with policy
within the framework of global fisheries and aquaculture governance, and
assesses the challenges and opportunities for statistics and the information
needs in support of policy within the framework of the SDGs and FAO’s Blue
Growth Initiative (BGI).

17.2 Statistics and Information in Support of Global
Fisheries and Aquaculture Policy and Management

As a knowledge organization, FAO provides a wide array of statistics
and information products and services. These have evolved over time
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to reflect the needs of FAO’s members, governing bodies, and partners
in their quest to assess the contribution of fisheries and aquaculture to
food security and poverty alleviation and the issues affecting the sector’s
performance. Statistics and information are vital for policy-making and
sectoral planning at all levels. In particular, they are crucial for effec-
tive fisheries management, which, in turn, is essential for sustaining fish-
ery resources and protecting ecosystems, biodiversity, food supply, and
livelihoods.

FAO is the only source of global fishery statistics, and its members have to
report statistics to it. Over five decades, FAO’s Coordinating Working Party
on Fishery Statistics has developed and maintained global norms, stan-
dards, and classifications, for example, for species, commodities, vessels,
and gear, and for fishery statistics in close coordination with regional fish-
ery bodies (RFBs) and other agencies (FAO 2005-2015). FAO provides the
secretariat for the Fisheries and Resources Monitoring System (FIRMS)—a
partnership involving most RFBs—to provide access to high-quality
information on the global monitoring and management of marine fishery
resources. Fishery statistics and information collated, analyzed, and dis-
seminated by FAO are also key to the preparation of reviews such as the
biennial flagship publication The State of World Fisheries and Aquaculture
(SOFIA).

Particularly challenging is the collecting of statistics and information on
small-scale coastal fisheries (with their many small and often remote land-
ing places, and many vessels and fishers). Landings from such fisheries are
often sold directly to consumers or merchants, or consumed by the fishing
communities (subsistence fisheries). Recognizing the need to improve the
quality of fishery data and statistics in general, and for small-scale fisheries
in particular, FAO members adopted the Strategy for Improving Information
on Status and Trends of Capture Fisheries (Strategy—STF) in 2003 (FAO 2003;
further details provided in Section 17.3.2), which was subsequently endorsed
by the UN General Assembly. It aims to provide a framework, strategy, and
plan for the improvement of knowledge and understanding of fishery status
and trends as a basis for policy-making and management for the conserva-
tion and sustainable use of fishery resources within ecosystems. Before the
adoption of the Strategy-STF, FAO had also developed widely used guide-
lines and field manuals, such as the Guidelines for the Routine Collection
of Capture Fishery Data (FAO 1999) and a manual on sample-based fishery
surveys (Stamatopoulos 2002).

A significant achievement in capacity building for improving national
fishery statistics has been seen for China, the world’s largest fish-produc-
ing country. With FAO support, China’s authorities introduced a sampling
scheme that replaced an inefficient system of complete enumeration. This
resulted in a major revision to the national fishery statistics published by
China and reported to FAO and several RFBs.
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17.3 Review of Selected FAO Data and Information Products

This chapter illustrates how FAO’s data and information products support
the policy process of global fisheries. Together with its premier information
and advocacy document, SOFIA (see following sections and Box 17.1), this
chapter reviews four other FAO information and data products to illustrate
how FAO communicates with its audiences at the science—policy interface.
For each, it examines the information flow and exploitation of information
products by users and draws conclusions regarding the impact on target
audiences, including at the policy level (see Figure 17.1).

17.3.1 SOFIA and Global Fisheries Policy

The Department produces SOFIA, its flagship publication, every two years
to coincide with the sessions of the FAO Committee on Fisheries (COFI—
www.fao.org/cofi/en/). Here, policy drives the demand for data, informa-
tion, and knowledge, which, in turn, inform fisheries policy in an iterative
process (see Box 17.1). Following the general approach of previous editions,
the 2014 edition of SOFIA (FAO 2014d) presents a global review of fish-
eries and aquaculture, including trends and statistics. It also highlights
issues debated worldwide and profiles future scenarios to provide read-
ers with the most current global view and perspectives on fisheries and
aquaculture. SOFIA is available in the six official languages of FAO (Arabic,
Chinese, English, French, Russian, and Spanish) in both print and online
versions. As originally requested by COFI, SOFIA presents policy-oriented
knowledge and informs COFI as it works through the policy cycle (Box
17.1). The publication consists of four main parts in sequence:

1. Overview—It reports on socioeconomic and natural resources
trends as well as policy implementation in the fisheries and aqua-
culture sector, using FAO’s established indicators and monitoring
systems.

2. Issues—These emerge from debate brought to COFI’s attention, or
from the analysis of FAO’s official statistics, information products
(e.g., FIRMS, FBS; see Figure 17.1), or partners (e.g. RFBs). Significant
issues debated worldwide warrant specific and comprehensive
reviews that may be used to support the adoption by COFI of global
action plans; such action plans might include, for example, require-
ments for indicators and related monitoring systems to be set up by
FAO.

3. Highlights—These present recent FAO studies on actions taken to
address the issues. Thus, what was an issue in one edition in SOFIA
may be reported on as a highlight in a later edition.
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BOX 171 COFI AND SOFIA

The Committee on Fisheries (COFI), a subsidiary body of the FAO
Council, was established by the FAO Conference at its Thirteenth
Session in 1965. COFI constitutes the only global intergovernmental
forum where major international fisheries and aquaculture issues are
examined and recommendations addressed to governments, regional
fishery bodies, NGOs, fishworkers, FAO, and the international commu-
nity, on a worldwide basis. COFI has also been used as a forum for the
negotiation of global binding and nonbinding instruments.

The Thirty-First Session of COFI considered the role and influence
of the publication The State of World Fisheries and Aquaculture (SOFIA)
in supporting the work of decision makers in general and FAO in par-
ticular. Key information in SOFIA 2014 was presented in a document
to COFI concerning the current status, recent trends, and prospects in
the fisheries and aquaculture sector as well as on the role and influence
of SOFIA (FAO 2014e). Reporting on the COFI session, a subsequent
document prepared for the FAO Conference stated: “The Committee
expressed praise and support for the State of World Fisheries and
Aquaculture (SOFIA) 2014 publication” (FAO 2014c).

This second document also illustrates the interplay in the science—
policy interface, with policy makers (COFI) requesting scientific infor-
mation and then using that information (provided also through SOFIA)
to influence policy and request further information:

The Committee welcomed the new categorization of the status
of marine stocks, as requested by the 30th Session of COFI. Most
Members were encouraged by the results in SOFIA 2014. Some
expressed cautious optimism with regard to the stock status and
others remained concerned. They also emphasized the need for
further measures to rebuild the stocks. There were requests to
include more detailed information on the status of specific stocks,
including data on fleet capacity and addition of socioeconomic
data, with a strong call to add regional information and per-
spectives. Members called for disaggregating data in future edi-
tions, suggested that specific topics be emphasized or added, and
requested that assessments on some stocks and species be updated
and corrected. Specifically, some Members requested that the ratio
of stocks fished sustainably/unsustainably be expressed in terms
of volume (catch in tonnes) and value (FAO 2014c).
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Information flow of some of FAO’s fisheries and aquaculture data and information products.
SOFIA = The State of World Fisheries and Aquaculture; VME-DB = Vulnerable Marine Ecosystem
Database; FIRMS = Fisheries and Resources Monitoring System; FBS = food balance sheets.

4. Outlook—TIt presents considerations on emerging trends and issues
and, hence, informs and advises on where FAO may need to take
action as the policy cycle begins again.

17.3.1.1 Intended Outcomes

To take the example of SOFIA, its intended outcomes can be classed as
immediate, intermediate, and long term. Immediate outcomes relate to user
satisfaction as the dissemination and presentation of SOFIA facilitate discov-
erability, reading, and understanding of the issues/key messages raised. The
outcomes also relate to SOFIA as a product or service perceived as offering
technically sound, timely, and appropriate information and analyses on the
status and trends of fisheries and aquaculture around the world.
Intermediate outcomes include the impact of SOFIA in terms of (1) inform-
ing the stakeholders, with target audiences being made aware of the latest
trends and emerging issues in fisheries and aquaculture; (2) enhancing pro-
grams and practices, as its data inform the formulation of global, regional,
and national programs on sustainable fisheries management and as interna-
tional, national, and donor-funded projects adopt evidence-based practices
proposed in SOFIA; (3) increasing responsible investment, as its analyses
inform business and industry investment decisions;, and (4) enhancing
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education and research, as its data and analyses inform, enrich, and redi-
rect future research, inform curriculum development, and help to update the
content of training and educational programs.

Long-term outcomes relate to SOFIA’s contribution to the sustainable man-
agement of fisheries and natural resources through better-informed policies,
programs/practices, research/education, and investments, as well as to posi-
tive responses in indicators of performance related to achieving the global
goals of improving food security and reducing poverty.

17.3.1.2 Questions Relating to Preparation and Impact of SOFIA

Referring to the issues and criteria discussed in Chapter 2 of this book, ques-
tions that could be asked about SOFIA include:

® Does it provide information that is useful, credible, and legitimate?
® Does it communicate information at the science—policy interface?
* Does it have an impact on policy?

e How do the preparers of SOFIA obtain, process, and communicate
information?

The fourth question is addressed in more detail in Section 17.3.1.3, while
the response to the first three questions is given in Section 17.3.1.5.

17.3.1.3 SOFIA Part 1: World Review of Fisheries and Aquaculture

As shown in Box 171, through SOFIA, policy decisions can be based on evi-
dence and influenced by science. The process begins with SOFIA’s inputs.
These can be grouped into human resources, which consist of FAO staff
and other experts from academia, research institutes, and nongovernmen-
tal organizations (NGOs), among other bodies, and institutional resources,
which consist of key papers, national surveys, databases, models, networks,
partners, infrastructure, and financial resources. To inform policy makers on
the global state of fishery resources, FAO summarizes in SOFIA the findings
of regular publications such as the FAO Yearbook—Fishery and Aquaculture
Statistics (FAO 2014a), the Review of the State of World Fishery Resources: Marine
Fisheries (FAO 2011), and other main series publications, for example, techni-
cal papers.

The global indicators on the state of fishery resources discussed by the
Review of the State of World Fishery Resources: Marine Fisheries are based on
stock assessment information, mostly collected by RFBs, and on FAO’s global
capture production statistics for those fishing areas where no stock assess-
ment information is available. Figures on global trends in the state of world
marine stocks are among the most cited and highly debated information
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produced by the FAO Fisheries and Aquaculture Department. In the latest
published version of the Review of the State of World Marine Fishery Resources
(FAO 2011), the number of categories used to classify the state of the stocks
was reduced from six to three (overexploited, fully exploited, non-fully
exploited), which were later renamed in SOFIA 2014 as overfished, fully
fished, and underfished (FAO 2014d).

In the framework of the information work done by FAO on deep-sea fisher-
ies (Bensch et al. 2009), the recently launched database on vulnerable marine
ecosystems (Vulnerable Marine Ecosystem Database [VME-DB]; www.fao.
org/in-action/vulnerable-marine-ecosystems/en/) is an example of a moni-
toring system that informs global users on policy implementation at regula-
tory level, fosters collaboration on best practices, and, in turn, contributes to
conservation of fishery resources and biodiversity.

Similarly, for the global capture production statistics, the collected and pro-
cessed statistical data are reviewed, checked, organized, and analyzed before
being made accessible through databases such as FAOSTAT (faostat3.fao.org/
home/E), FishStat] (www.fao.org/fishery/statistics/software/fishstatj/en), and
AGLINK-COSIMO (http://www.agri-outlook.org/database/). Further details
are discussed in Sections 17.3.2 and 17.3.3.

Final publications are peer reviewed and approved by senior manage-
ment. Dissemination strategies are then developed and implemented, for
example, the official launch of SOFIA at COFI, press releases, websites, con-
ferences, and events, to ensure the information reaches its target audiences
and achieves the intended outcomes. Feedback from FAO members and tar-
get audiences is always sought and welcomed, as the science—policy inter-
face needs to be a two-way interaction.

17.3.1.4 SOFIA Parts 2—4: Emerging Issues, Highlights, and Outlook

Part 2 of SOFIA reports on current and emerging issues of importance to
the fisheries and aquaculture sector. In this way, FAO serves its members by
raising awareness and providing objective and authoritative information.
Part 3 of SOFIA highlights recent and forthcoming significant FAO publica-
tions on fisheries and aquaculture, some of which have been produced in
response to issues raised in earlier editions of SOFIA. Figure 17.2 lists some
of the issues covered and some of the studies highlighted in recent editions
of SOFIA.

Part 4 of SOFIA is the Outlook section, which in the 2014 edition, focused on
meeting future fish demand. It examined projected fish supply and demand
and discussed assumptions used in the models as well as issues that may
threaten the sector’s ability to meet future fish demand and challenges. It
provided the results of two main outlook studies, one based on the FAO
Fish Model developed in collaboration with the Organisation for Economic
Co-Operation and Development (OECD)—the work of this partnership was
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highlighted in SOFIA 2012—and the other on the International Model for
Policy Analysis of Agricultural Commodities (IMPACT) of the International
Food Policy Research Institute (IFPRI). Model-based projections are intended
to become a standard feature in future editions of the Outlook section.

17.3.1.5 Impact Assessment: FAO and SOFIA

FAO is fully cognizant of the need to assess the impact of its work from “on
the ground” to the highest levels of international policy-making. For its pub-
lications (and the data, information, and knowledge they contain), it needs
to know who is using them and how they are affecting policy decisions.
Thus, in attempting to answer these questions, the extent to which SOFIA
is achieving its intended outcomes has recently been the subject of a specific
assessment conducted by FAO’s Office of Evaluation within a broader over-
all evaluation of FAO publications. This assessment has captured evidence
on the relevance, quality, and effectiveness of SOFIA through the follow-
ing tools: (1) desk review; (2) interviews with key informants (about 200 key
informants in 12 countries selected in consultation with FAO staff responded
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to a client survey; a member country survey administered through the per-
manent representatives to FAO received responses from 38 governments);
(3) a user (readership) survey, based on an analysis of 252 completed ques-
tionnaires; and (4) web and cybermetric analyses. In terms of web traffic,
data from FAO’s Document Repository show SOFIA 2014 averaging 16,870
views per month (July 2014-April 2015), with 27797 views in the most recent
month for which data are available (April 2015). The data analysis has
focused on determining SOFIA’s contributions as per the outcomes listed
Section 17.3.1.1. The main output still to come will be a report to inform the
assessment of SOFIA’s contributions (FAO 2015a). However, permission has
been given to disclose some of the preliminary findings here, and Figure 17.3
is based on data from the user survey. The interviews with key informants
have confirmed these findings. However, some pointed out that although
SOFIA is very relevant to policy makers, not all readers have the level of
expertise required to make full use of it.

The assessment discovered that among policy makers, SOFIA is per-
ceived as a critical source of global trends and statistics and, to a lesser
degree, of knowledge about fisheries in a variety of topics and contexts,
which supports decision-making and policy decisions. One of SOFIA’s
key contributions relates to the interface between global and national
statistics. In particular, SOFIA has helped to improve sectoral statis-
tics over the years, which, in turn, are reused in a range of analytical
products and research. Among program managers, about 64% of survey

Private sector

Research institutions

and nia

User groups

find SOFIA technically sound,
accurate, and credible

User frequency User rating

FIGURE 17.3
SOFIA user survey results.
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respondents indicate that SOFIA reports have had a moderate to high
guiding influence on the development/improvement of sectoral strate-
gies or programs.

The assessment further finds that SOFIA is regularly quoted in work-
shops, scientific papers, and press articles by civil society and media outlets,
as well as by partner international organizations. The assessment report
concludes that the utility and uptake of SOFIA at the sectoral level and
among different sets of users appear to be substantial, with uptake being
evidenced in particular by policy makers, program managers, researchers,
and academia.

This recent assessment follows a citation and content analysis of over
10,000 citations by Vanja Avdi¢ of Dalhousie University in 2013 (Avdi¢ 2013).
She concludes that “SOFIA is the only marine assessment of its kind and is
highly regarded” and that “it regularly provides both crucially important
statistics on the states of fisheries and aquaculture and also all-important
comparison of trends over long time-periods.” However, she also comments
that “major global assessments, such as SOFIA, are available to inform man-
agement or policy decisions, but whether the information is used is poorly
understood.” This comment links back to a question raised in Chapter 2 of
this book: “are the reports being noticed and read and influencing decisions
where it matters most?”

To respond to these questions, in addition to the evidence from the recent
formal assessment, one can also cite a recent publication from the Dietary
Guidelines Advisory Committee (DGAC) of the United States as an indica-
tor of SOFIA’s relevance and impact at the science—policy interface. Its 2015
report to the secretary of health and human services and the secretary of
agriculture states: “Lastly, to address Question 4 on the worldwide capacity
to produce enough nutritious seafood, the Committee used the FAO’s report
on the State of World Fisheries and Aquaculture, 2012. This was considered the
most current and comprehensive source on this topic” (DGAC 2015, Part D,
chapters 5, 7). In its conclusions to Question 4, the report states: “The DGAC
concurs with the FAO report that consistent evidence demonstrates that cap-
ture fisheries increasingly managed in a sustainable way have remained
stable over several decades” (Part D, Chapter 5, 21). It further states: “The
DGAC endorses the FAO report that capture fisheries production plateaued
around 1990 while aquaculture has increased since that time to meet increas-
ing demand.” Again, on the same page, it states: “The UN FAO report on
The State of World Fisheries and Agriculture issued in 2012 formed the basis
of the DGAC’s evidence review on this topic. The FAO report addresses a
wide variety of issues affecting capture fisheries and aquaculture, including
economics, infrastructure, and labour and government policies.” The DGAC
report also reproduces a figure from SOFIA 2012 and provides a reference
and web link to the publication. Thus, the comments in the DGAC report
can be seen as confirming the authoritativeness and relevance of SOFIA at
the science—policy interface.
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17.3.2 Knowledge Products on the State of World Fishery Resources
17.3.2.1 Global Capture Fisheries Statistics Database

In the postwar reconstruction decades of the 1950s and 1960s, society’s focus
was on production development and related sector growth and employment
concerns. These socioeconomic concerns were also the prevailing drivers
when the Global Capture Production statistics database was instituted with
the progressive establishment by FAO of the standards set for this database,
mostly through the work of FAO’s Coordinating Working Party on Fishery
Statistics.

National correspondents from FAO members are mandated to provide
annual catch statistics. The reported data are carefully checked, and when
the figures are questionable, the national correspondent is consulted for
clarifications. If a country does not report its catches or if those provided
are questionable, FAO estimates the missing data and marks them in the
database with an “F.” The overall quality of capture statistics in the data-
base is mostly dependent on the accuracy and reliability of the data collected
nationally and provided to FAO. However, to improve completeness and cov-
erage of information in the database, in some cases, FAO complements or
replaces national data when better data are available.

The main sources of additional information are the RFBs that compile
catch statistics for (1) tuna and shark species (Inter-American Tropical
Tuna Commission, International Commission for the Conservation of
Atlantic Tunas, Indian Ocean Tuna Commission, Western and Central
Pacific Fisheries Commission); (2) non-tuna species in the high seas areas
(South East Atlantic Fisheries Organisation, South Pacific Regional Fisheries
Management Organisation); (3) all species in an entire ocean (for the Southern
Ocean: Commission for the Conservation of Antarctic Marine Living
Resources); or (4) a group of species at the global level, that is, marine mam-
mals (International Whaling Commission). In addition to verifying whether
distant-water fishing nations have reported their distant catches, FAO cross-
checks statistics submitted by the flag states with information on foreign
catches in their exclusive economic zone made available by coastal countries
and territories, for example, Guinea-Bissau and Mauritania. If unreported
catches are detected, they are added to the FAO database.

Despite efforts made by FAO to ensure the best possible coverage, the data
submitted or not reported were considered inadequate in relation to the
relative importance of capture fishery for more than half of the countries
(Garibaldi 2012). Trend studies based on data included in the FAO database
also may be biased by erroneous reporting (either under- or overreporting),
incomplete identification of species, and changes in the national data collec-
tion system. The capture database is usually closed at the end of February,
and in March, its updated version can be accessed at the Department’s web-
site through the FishStat] (www.fao.org/fishery/statistics/software/fishstatj/
en) stand-alone software and data set package or the online query panel
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(www.fao.org/fishery/topic/16140/en); both also include FAO’s aquaculture
production and fisheries commodities databases.

Data and information compiled and disseminated by FAO are widely used
by the global community interested in fishery issues. Indicators of interest
are the number of accesses to relevant web pages and the number of enqui-
ries on fishery statistics received by FAO. In 2014, the entry page (www.fao.
org/fishery/statistics/global-capture-production/en) for the FAO capture
database received 15,000 unique page views, and the FishStat] web page was
viewed at least once about 36,000 times, both with peaks in March-April,
when the updated annual version of the database was released.

To receive and address the enquiries on various aspects of the fish-
ery statistics compiled by FAO, a dedicated e-mail account (fish-statistics-
inquiries@fao.org) is available to the users, including scientists, NGOs, and
the general public. This account receives an average of two enquiries per
working day, to which FAO is committed to reply within a few days. More
than one-third of the enquiries received (for a total of almost 200 e-mails per
year) ask for meta-information on the data in the FAO fishery statistics data-
bases, with the rest related to software and other technical issues. Through
the dedicated account and e-mail correspondence, four FAO fishery statisti-
cians regularly communicate with the national correspondents on data in
the FAO databases, the quality and coverage of national data, and possible
improvements in national data collection systems.

The FAO capture database is used largely by fishery scientists for their
research work. A citation analysis performed in 2011 (Garibaldi 2012) showed
that, although the database is cited in different ways, and often the data are
used but the source is not quoted, between 1996 and mid-June 2011, it had been
listed in the bibliographies of 622 articles in refereed journals. According to
this result, the FAO capture database belongs to the restricted group of items
that have been cited more than 500 times, representing 0.11% of the total of 20
million items published between 1900 and 2005 that have been cited at least
once (Garfield 2005).

Given the extended time series available in the database (it currently
includes data for 64 years, from 1950 to 2013), it is mostly used for studies
on catch trends, which also have been characterized by trophic levels (Pauly
et al. 1998; Caddy and Garibaldi 2000; Branch et al. 2010), catches in oce-
anic waters and large marine ecosystems (LMEs) (Garibaldi and Limongelli
2003), and quantification of depleted species to be restored (Garibaldi and
Caddy 2004).

17.3.2.2 Moving beyond the Original Intended Use

In 1996, Grainger and Garcia (1996) made the first attempt to demonstrate that
information in the capture database can also be used for interpreting devel-
opments in the world’s fisheries. They calculated the percentage of major
marine resources in the undeveloped, developing, mature, and senescent
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phases. The same approach was later applied also to national (Cuba) and
regional (Eastern Central Atlantic) analyses of these major development
phases (Baisre 2000; Garibaldi and Grainger 2004).

A scientific debate developed on the question of whether, in the absence
of more detailed information from stock assessment, catch data can also be
used to infer the status of the fished resources. Studies expressed a range of
different views: (1) catch data in the FAO database can provide indications on
stock status (e.g., Froese and Kesner-Reyes 2002; Froese et al. 2012; Niwa 2006;
Kleisner et al. 2013; Vasconcellos and Cochrane 2005); (2) catch data should
be complemented with other information, such as life history (e.g., Costello
et al. 2012; Thorson et al.); (3) stock assessments provide far better informa-
tion with which to estimate abundance (e.g., Agnew et al. 2013; Branch et al.
2011; Carruthers et al. 2012); and (4) the use of catch data is misleading (e.g.,
Cook 2013; Daan et al. 2011; de Mutsert et al. 2008).

In February 2013, Nature consulted Daniel Pauly, who has produced many
studies based on catch data, and Ray Hilborn and Trevor Branch, for whom
catch data alone are not a reliable indicator of stock status (Pauly et al. 2013).
The latter position is embraceable from a theoretical point of view, but long
time series of abundance assessment are available only for a fraction of the
global fisheries, with coverage restricted to fisheries operated by developed
countries and mostly focusing on highly commercial species.

17.3.2.3 FIRMS: State of Stocks and Fisheries

In addition to the mechanism that produces the global stock trends in the
state or world marine stocks that are published in the Review of the State of
World Fishery Resources (FAO 2011) and SOFIA, in the context of the Strategy—
STF (FAO 2003), FAO also formed in 2004 an information-sharing partner-
ship called the Fishery and Resources Monitoring System. Its establishment
was prompted by the controversy described in Section 17.3.2.2 on the global
assessment of the state of world fishery resources, the diagnosis that com-
mercial fisheries are predominant in global catch reporting, and the need
to collect a broader range of indicators to address socioeconomic and envi-
ronmental issues. Given this context, the Strategy-STF proposed to proceed
with an inventory-based approach to expand the coverage of individual stock
status information, to enable better visibility of small-scale and subsistence
fisheries, and to expand the thematic scope of reporting. It also proposed
information-sharing partnerships as a mechanism for sustaining reporting
in the long term.

FIRMS was launched to foster reporting on the status and trends of
individual stocks and fisheries at the regional and national levels, to facili-
tate access of the general public to authoritative information on status and
trends, and to support regional and global reviews in their regular updates
of the status of fishery resources, in ways that enable the provenance of source
statements to be tracked. As an information product, FIRMS is a website
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providing a single point of access to a collection of web-based fact sheets
that present status and trends reports on stocks and fisheries according to
a structured standard layout. The fact sheets present status information at
different scales, from FAO’s reports on the state of regional resources pro-
vided by FAO major areas down to subregional and local stocks. The sources
of information are systematically provided. These reports are submitted
by FIRMS’ partners and published under their full control and ownership.
Specific web-based services extract summaries on the status of stocks for
user-defined combinations of species and/or areas.

While expanding data coverage is critical to its objectives, FIRMS has
also succeeded in extending its geographic coverage. The partnership now
includes 14 intergovernmental organizations, which together represent 17
REBs. The Atlantic Ocean and Indian Ocean are quite well covered, while
the Pacific Ocean is not. Partnerships with regional organizations for the
detailed coverage of the Caribbean and the Bay of Bengal are under develop-
ment. FIRMS contained, as at February 2015, a published inventory of 1,082
stocks and 322 fisheries. Status reports exist for about 600 stocks and 200
fisheries (FAO 2015b).

However, because of its current constituency, FIRMS has insufficient mon-
itoring coverage in areas with no RFBs, in particular the waters of the exclu-
sive economic zones of South America, North America, Australia and New
Zealand, Southeast Asia, and Asia (Japan, China, the Republic of Korea, and
the Russian Federation), where stocks are monitored by coastal states. In this
respect, FIRMS is exploring the possibility of setting up NatFIRMS as a sepa-
rate framework closely linked to FIRMS. NatFIRMS would include national
fisheries institutions in the areas not covered by RFBs.

The success of FIRMS should also be measured against its capacity to
respond to users’ needs. In 2014, FIRMS registered 43,662 unique page views
(4,466 for the home page alone), which compares well with the Global Capture
Production page, totaling 15,001 unique page views in the same year for all
languages. FIRMS has four categories of target users and related informa-
tion products: (1) FIRMS partner RFBs and their member states; (2) govern-
mental fisheries agencies for states involved in producing FIRMS fisheries
status reports through partner RFBs; (3) global or regional marine science
networks reporting on the state of the environment and ecosystems, for
example, FAO'’s reporting on the state of world fishery resources, and other
UN agencies and processes such as LMEs; and (4) NGOs and international
NGOs promoting sustainable fisheries with consumers and industry, for
example, Ocean Trust and Sustainable Fisheries Partnerships, both of which
have shown keen interest in FIRMS.

While the first two categories of users are satisfied with FIRMS, the other
two are not, because of limited data coverage. For the last category, the
status-report formats are still inadequate with respect to audience expecta-
tions. These NGOs focus on science-based guidance regarding stock status;
acceptance by management authorities of the impact of management on
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sustainability, education, and assistance of the seafood supply chain in their
efforts at improving fisheries sustainability; and enhancement of the general
public’s recognition of such facts. They are interested in FIRMS as a reliable
source of information on both resources status and fisheries management,
but they point out the need for more information on the resource or fishery
fact sheets in relation to sustainability.

FIRMS acknowledges the needs expressed by these interest groups for
management frameworks and measurement. FIRMS envisions strength-
ening the capacity of indicators and scales to rate management perfor-
mance, involving the performance reviews of regional fisheries management
organizations (RFMOs).

17.3.2.4 Toward a Global Record of Stocks and Fisheries

Recently, opportunities have arisen for collaboration between the FAO mecha-
nism that produces the global trends in the state of world marine stocks (see
Section 17.3.2.3), FIRMS, and other projects compiling regional and global infor-
mation on stock assessment toward a global record of stocks and fisheries. This
global record will federate knowledge on status/trends of stocks and fisheries
across various global sources (FIRMS information-sharing partnership among
REBs, the University of Washington’s Ramm Legacy Stock Assessment data-
base, the FishBase database of the FishBase Information and Research Group,
and the Sustainable Fisheries Partnership’s FishSource). This global record,
which will rely on unique identifiers for stocks and fisheries, is expected to
offer key services to stakeholders involved in “regional/global state of stocks
indicators,” for example, a dynamic “state of world marine resources,” as well
as public and private actors involved in eco-labeling, traceability, and sustain-
able fisheries. Thanks to its authoritative partnership and the standards it has
set for global reporting on the status of stocks and fisheries, FIRMS is in a
unique position to lead the development of such a global record.

17.3.3 Monitoring Policy Implementation: The Vulnerable
Marine Ecosystem Database

The VME-DB offers a one-stop shop to global information on the actions
taken by regional fisheries management organizations and arrangements
(RFMOY/As) to protect VMESs in the high seas (FAO 2015c¢). It illustrates the
efforts of the international community involved in high seas fisheries in
response to recognition by the UN General Assembly, in 2006, of the need
to address impacts from deep-sea bottom fishing activities by identifying
VMESs where these impacts are significant. It also demonstrates a commit-
ment to responsible use of marine resources in the deep seas through fund-
ing the development of the VME-DB, which was provided after the adoption
by COFI of the International Guidelines for the Management of Deep-sea
Fisheries in the High Seas in 2009 (FAO 2009).
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From the outset, the VME-DB has been developed as a tool to foster the
linkage between science and policy. Its design is the result of a participa-
tory process involving policy makers, scientists, industry representatives,
and data managers. Over three years, FAO facilitated this process, including
through two global meetings in Rome in 2011 (FAO 2013) and 2014 (FAO
2014b) and three regional workshops (in Japan, Mauritius, and Namibia).
The process enabled contributors to become acquainted with the various
concepts and practices around the world in an attempt to disseminate reli-
able and consistent information, although there is still room for more harmo-
nized best practices at the global level.

The web product consists of the VME website and the database.
Together, they host information that describes the actions taken by
RFMO/As to protect VMEs in the areas beyond national jurisdiction
(ABNYJ), and they allow users to quickly discover the existing protocols
and data each RFMO/A has developed for VMEs. This product boosts
knowledge sharing and learning from other regions. While the VME-DB
has been designed for decision makers, scientists, observers, and mem-
bers of REMO/As, the website is intended for the wider public (including
academia, research, and education) interested in deep-sea fisheries, their
interaction with deep-sea marine species, including marine habitats, and
their management.

The VME website is a gateway to the VME-DB and includes compre-
hensive background information on the UN resolutions and other interna-
tional guidelines and procedures involved in the VME process. The portal
also links directly to the RFMO/A websites, which host additional infor-
mation on each regulatory process. The VME-DB constitutes a unique
repository and dissemination platform at the global level of all concrete
measures implemented by the international fishery community in the
high seas to prevent adverse impacts of deep-sea bottom fishing on vul-
nerable ecosystems. It has an interactive map viewer that can be filtered by
year or by region to show geographic VME information, such as existing
VME closures or bottom fishing areas, as well as links to more detailed
information on the individual resolutions or protocols for that area. The
application allows users to navigate the map across time and track the
rapid progress made by REMO/As since 2006 on identifying and protect-
ing VMEs.

17.3.3.1 Toward Institutionalized Governance for Long-Term Sustainability

The sustainability of the VME-DB depends on an appropriate governance
mechanism, data maintenance by the partners, and system maintenance
by FAO. While FAO uploaded the portal and data using publicly available
information provided by REMO/As for the period 2006-2014, data entry is
expected to migrate to the REMO/A partners as they assume responsibility
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for data input. A web-based content management system powered by the
iMarine platform has been set up for this purpose. Over time, the REMO/
As will continue to update the portal as new resolutions are made and
as the identification and protection of VMEs in the ABN] become more
refined.

Future support and engagement by the regional bodies are necessary to
gain approval within FAO for continued maintenance and development of
the system. To increase ownership and returns on investment, that is, the
data update, web services are offered to RFBs to embed the VME-Database
Map viewer in their websites (SEAFO n.d.; NAFO n.d.). In the short to
medium term, the governance framework managing the VME Database is
likely to migrate to the FAO ABN] Deep Seas project and partnership (FAO
and RFBs). An option for the medium to long term is to anchor the VME
Database as a component of the FIRMS partnership.

17.3.4 Fishery and Aquaculture Outlook

17.3.4.1 Understanding Future Trends and Addressing
Forthcoming Challenges

Food security and nutrition represent a global challenge, as hunger and
malnutrition remain among the most devastating problems facing the world.
In the perspective of future population growth, this challenge is even more
compelling. According to the UN, the current world population of about
7.3 billion is projected to reach 8.1 billion in 2025 and 9.7 billion in 2050,
with most of the population growth occurring in developing regions (UN
2015). The fisheries and aquaculture sector can continue to play a prominent
role in world food security, both directly, as a vital and nutritious source
of food, and indirectly, as a contributor to economic growth and develop-
ment by providing employment, livelihoods, and income to millions of
people engaged in fish harvesting, culturing, processing, and trading. To
continue fulfilling this role, the growing demand for fish requires sustain-
able growth in capture fisheries and aquaculture production. The need to
develop specific projections for better understanding of the plausible out-
look for fisheries and aquaculture and the challenges they might face has,
therefore, attracted more international attention. Outlook studies can rep-
resent an important tool for international organizations, such as FAO, the
OECD, and the World Bank, their members, and the international commu-
nity to facilitate understanding of the impacts of changes in aquaculture
and capture fisheries and of demand shifts and policy reforms, as well as to
obtain relevant information for developing strategic responses to emerging
challenges. Outlook projections can also help FAO, other international orga-
nizations, and donors to highlight work priorities and to develop a tailored
strategy to support countries in addressing the major challenges facing the
sector.
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17.3.4.2 Integrating Fish in Overall Agricultural Analysis

In recent years, work has been undertaken to develop specific fish models
in partnership with international organizations. However, it was considered
important that this work should not be done in isolation, but integrated into
an overall agricultural analysis aimed at achieving a more comprehensive
and consistent examination of the medium- or long-run prospects for fish,
together with those for food and agriculture. The two main outcomes are
(1) the FAO Fish Model developed by FAO as a satellite to the OECD-FAO
AGLINK-COSIMO Projection System,* with medium-term projections
(10 years) annually included in the OECD—-FAQO Agricultural Outlook publica-
tion since 2011, and (2) the Fish to 2030 publication (World Bank 2013), which
shows the results of the IMPACT model of IFPRI. For both models, FAO fish-
ery statistics on production, trade, and apparent consumption, the FAO Food
Balance Sheets, represent the main data used. Based on key assumptions
and uncertainties, these outlook models represent an important tool for pro-
viding insights on likely paths of development and constraints in supply
and demand to determine regional vulnerabilities, changes in comparative
advantage, price effects, and potential adaptation strategies in the fisheries
and aquaculture sector.

17.3.4.3 The OECD-FAO Agricultural Outlook

The OECD-FAO Agricultural Outlook is an annual publication presenting
projections and related market analysis for some 15 agricultural products
(including fisheries and aquaculture) over a ten-year horizon. The projec-
tions are based on the AGLINK-COSIMO modeling system. The AGLINK
model was developed by the OECD in the early 1990s and then enhanced
through the development by FAO of the COSIMO (Commodity Simulation
Model) component for a large number of developing countries. It brings
together the commodity, policy, and country expertise of both organizations
and input from collaborating members to provide an annual assessment of
prospects for the coming decade for national, regional, and global agricul-
tural commodity markets. It shows how these markets are influenced by
economic developments and government policies, and it highlights some of
the risks and uncertainties that may influence market outcomes. The capac-
ity to capture interactions between commodities and between countries is a
major strength of this model, allowing analysts to assess not only the direc-
tion but also the magnitude of market adjustments resulting from economic
or policy changes. For many countries, agricultural policies are specifically
modeled within AGLINK-COSIMO. This makes the model a powerful tool
for forward-looking analysis of domestic and trade policies through the

* More information on the AGLINK-COSIMO modeling system and on the OECD-FAO
Agricultural Outlook publication is available at http://www.agri-outlook.org/.
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comparison of scenarios of alternative policy settings against the benchmark
of the baseline projections.

FAO, with the collaboration and agreement of the OECD and FAO
Secretariats for AGLINK-COSIMO, has recently built a dynamic, policy-
specific, partial-equilibrium satellite model on fish and fishery products.
This satellite model has followed the same general principles used to build
the AGLINK-COSIMO modeling system to facilitate its eventual integration
(at present, the fish model is not fully integrated in the overall AGLINK-
COSIMO modeling system). The main results of the fish model, which
are included in the “Fish and Seafood” chapter of the annual OECD-FAO
Agricultural Outlook publication, provide insights on the most plausible sce-
nario for a 10-year horizon in the fisheries and aquaculture sector. Under a
certain set of assumptions, the results portray an outlook in terms of future
production potential, projected demand for fisheries products, consump-
tion, prices, and key factors that might influence future supply and demand.
These trends guide FAO, OECD, and their members to plan the sustainable
use and conservation of fisheries and aquaculture resources for economic
growth, improved social welfare, and development.

The development of the model and the inclusion of the specific chapter
on fisheries and aquaculture medium-term projections in the OECD-FAO
Agricultural Outlook are very relevant. This report is all the more valuable as
it provides in-depth knowledge and experience to policy makers, including
through its discussion of the conceptual framework and the scenarios devel-
oped. Each year, the OECD-FAO Agricultural Outlook publication has a wide
impact, with a high number of citations, and it is also one of the OECD’s most
frequently downloaded publication.

17.3.4.4 Fish to 2030

Fish to 2030 is the result of a collaboration between IFPRI, FAO, the
University of Arkansas at Pine Bluff, and the World Bank (World Bank
2013). The report builds on the publication Fish to 2020 (Delgado et al.
2003), which provided a comprehensive global overview of the food fish
supply and demand balance. The Fish to 2030 report employs IFPRI’s
IMPACT model to generate projections of global fish supply and demand
up to 2030. The IMPACT model is a relatively straightforward partial equi-
librium global agriculture sector model, covering the world in 115 model
regions for a range of more than 40 agricultural commodities, to which fish
and fish products were added for the Fish to 2030 study (further informa-
tion on the IMPACT model is available at http://www.ifpri.org/program/
impact-model).

In the 1990s, IFPRI developed the IMPACT model to address a lack of long-
term vision and consensus among policy makers and researchers about the
actions necessary to feed the world in the future, reduce poverty, and protect
the natural resource base. It serves as the basis for research on the linkage
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between the production of key food commodities and food demand and
security at the national level in the context of scenarios of future change, with
cutting-edge research results on rapidly evolving topics such as bioenergy,
climate change, and diet/food preferences.

For the Fish to 2030 report, the IMPACT model was calibrated and employed
to evaluate different policies and alternative events and to illustrate the likely
evolution of the global seafood economy. The results are structured accord-
ing to a baseline scenario, considered the most plausible, and six alterna-
tive scenarios that investigate potential impacts of changes in the drivers of
global fish markets under various assumptions. The overall publication is
centered around three main topics: (1) the health of global capture fisheries,
(2) the role of aquaculture in filling the global fish supply—demand gap and
potentially reducing the pressure on capture fisheries, and (3) implications of
changes in the global fish markets for fish consumption. Box 17.2 illustrates
how the Fish to 2030 report is used to steer international assistance to develop
fisheries and aquaculture in sub-Saharan Africa.

17.4 Challenges and Opportunities

To make an impact through transformational change and effective imple-
mentation of sectoral policies, an organization such as FAO needs to address
a diverse audience of stakeholders, from the general public to scientists, pro-
gram managers, and high-level policy makers. Each level requires specific
products and approaches with the potential for cross-fertilization, a need for
regular alignment among the product layers, and interaction among the gov-
ernance mechanisms driving each product. To improve monitoring of the
use and impact of its data and knowledge products at the decision-making
level and their communication to the target users, FAO has recognized the
imperative need to adapt each product through regular monitoring and
feedback to ensure continuous relevance to the evolving needs of the target
users. In this respect,

e Partnerships are effective mechanisms to constantly adjust products
to needs: considerations on return on investment prevail, and the
established setup is regularly reviewed to reduce input costs and
improve benefits. Benefits can materialize in the form of influence,
communication, and visibility, or political will to promote transpar-
ency, science-based policy action, and contribution to global policy
goals. Such concerns are conducive to aligning policy with informa-
tion and partnership targets

e Full involvement of stakeholders throughout the life cycle is also
a must: the stronger the involvement of stakeholders (sponsors,
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BOX17.2 FISH TO 2030 IN SUB-SAHARAN AFRICA

The Fish to 2030 report explores how the economics of fish supply and
demand interact, and how increasing incomes and population growth
may drive change. According to this report, the future for sub-Saha-
ran Africa warrants particular concern. Under baseline assumptions,
annual per capita fish supply in Africa is predicted to fall from the
current 6.8 kg to 5.6 kg in 2030. In contrast, the global average will
rise from 17.2 to 18.3 kg, and the guideline for fish consumption is
about 14.5 kg per person per year. So, the simple fact is that, if fish is
to be an adequate part of a balanced, nutritious diet for sub-Saharan
Africans, even the current level is inadequate. A decline would have
tragic consequences.

Furthermore, African production growth is projected to be only 4.5%
compared with the world average of 23.6%, making sub-Saharan Africa
more reliant on imports and vulnerable to shocks in global markets.
FAO and other organizations have been alerting the international com-
munity and African leaders to this scenario and proposing recom-
mendations to (1) sustain and enhance wild capture fisheries and (2)
support aquaculture growth in Africa.

Indeed, the potential for aquaculture in Africa is enormous. Egypt,
for example, has experienced spectacular growth in its aquaculture
sector, and tilapia is now the least expensive animal-source food avail-
able and an important element of the diets of many Egyptians.

Furthermore, aquaculture as a household livelihood activity is
practiced in several sub-Saharan countries, such as Nigeria and
Ghana. However, its contribution to the continent’s needs remains
marginal. Deciding how best to support aquaculture growth will
require systematic analysis of input and production value chains and
of the enabling policy environment. These analyses need to identify
the constraints and opportunities for the private sector, as well as
where international development and government support is needed
to remove roadblocks.

partners, development team, and beneficiaries) is at all stages of the
information product’s life cycle (including design and development),
the higher up it can influence decision-making, because alignment is
more likely see Chapter 9 of this volume). Moreover, stronger own-
ership stemming from such early and continuous involvement will
boost outreach and the communication capacity as a result of joint
action by all partners. The drawback is a slower process, and the fre-
quently observed inability to respect this constraint might be a main
cause of failure in influencing decision-making.
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There is worldwide recognition that fisheries statistics are a necessary basis
for sound fisheries management policies, yet this is an area that is under-
funded and often neglected by donors. Adequate funding, in particular
through voluntary contributions, is necessary to enable FAO and its partners
to address the challenges of a modern global fisheries statistics and informa-
tion system. Partnerships with various stakeholders are a cost-effective and
reliable mechanism to address these challenges, although their potential has
not been fully exploited.

As the world embarks on the post-2015 SDGs, the challenge of restoring
the productive potential of oceans and wetlands will require new respon-
sible and sustainable approaches to their economic development. A more
environmentally, socially, and economically effective fish and seafood
chain can contribute to sustainable growth and food security. It can also
pave the way for reducing pressure on aquatic resources and deliver the
potential for people employed in the sector to act not only as resource users
but also as resource stewards. FAO recognizes the importance and need
for the fisheries and aquaculture sector to grow sustainably to meet rising
food demand and contribute to poverty alleviation, and the fact that zero
growth is neither realistic nor desirable. In this context, FAO launched the
BGI in 2013 in support of food security, poverty alleviation, and sustain-
able management of aquatic natural resource. An FAO working definition
of blue growth is sustainable growth and development emanating from eco-
nomic activities using living renewable resources of the oceans, wetlands,
and coastal zones that minimize environmental degradation, biodiversity
loss, and unsustainable use of renewable aquatic resources, and maximize
economic and social benefits.

The concept of blue growth, which has also been referred to as “green
economy in a blue world” (UNEP et al. 2012), “blue green economy” (Kelleher
2011), “blue growth, the new maritime blue economy of the EU,” and “green
growth in fisheries and aquaculture” (Asche 2011), is an emerging paradigm
for the sustainable management of natural marine and freshwater resources.
The term blue growth is preferred by many to blue economy, because there has
been criticism in some development circles of the green economy concept, in
particular its emphasis on zero or limited growth.

The blue growth concept featured prominently at the Rio+20 United
Nations Conference on Sustainable Development in 2012 (www.uncsd2012.
org). The Rio+20 outcomes have provided a strong catalyst for driving new
efforts toward the implementation of previous and new commitments
on oceans and wetlands to restore, use, and conserve natural aquatic
resources. FAO’s BGI aims to enable the catalyzing of policies, investment,
and innovation that would underpin sustained growth and give rise to
new economic opportunities in ecosystem goods and services. It aims to
integrate key aspects of economic performance, such as poverty reduction,
job creation, social inclusion, and community resilience, with those of envi-
ronmental performance, such as climate change mitigation, ecosystems,
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and biodiversity restoration. It would mobilize financial and technical sup-
port, build local capacity for the design and implementation of blue growth
strategies, and create action-oriented policy options and institutions tai-
lored to the respective economic circumstances and constraints of FAO’s
members.

A key challenge for the promotion of the blue growth concept and approach
is the collection of data and information, their sharing across a range of scien-
tific domains, and the development of analytical methodologies on a range of
criteria along its three dimensions of sustainability. Current methodologies
on food security and fisheries and aquaculture economics will remain use-
tul, although requiring some refinement. The new frontier will place greater
emphasis on environmental aspects, such as fish stock restoration, fisheries,
and aquaculture productivity in the context of ecosystem assessments, car-
bon footprints and sequestration, volume and types of certified fisheries and
products, and mangrove and coral reef restoration, that can advance natural
capital and ecosystem accounting in national economies. Such information
and methodologies are needed to better account for the economic contribu-
tions of renewable aquatic resources and ecosystem services and to assess
the long-term sustainability of national economies and business and invest-
ment models.

This growing momentum has led to the emergence of global initiatives
to develop methodological guidance for demonstrating the value of eco-
system services as an input into policy and economic decision-making, for
example, the UN System of Environmental-Economic Accounting (to which
FAO brings its expertise on fisheries and aquaculture). Acknowledging
that no organization in isolation can meet this demand, FAO is calling
for a global partnership/alliance to forge a global data framework for
blue growth. Such a framework would provide a mechanism to enable
the collection and integrated use of data from diverse initiatives. This
scenario can be achieved through collaborative data infrastructures (dis-
tributed e-infrastructure) with harmonization of concepts and references,
improved data-sharing capacities, collaborative analysis through virtual
research environments (VREs), and open data and information dissemina-
tion policies.

The iMarine initiative is an example of such a partnership (Taconet et al.
2014). This initiative offers a collaborative scientific platform able to network
and connect a wide range of data management solutions in support of the
ecosystem approach to fisheries. By enabling the pooling of data, software,
methodologies, and expertise, this partnership expects to deliver cost-effi-
cient solutions to the rising demand for information. Under the iMarine
initiative, the recently launched BlueBRIDGE project will use VREs to
address ambitious and wide-ranging objectives, thus consolidating its sup-
port for the ecosystem approach to fisheries while expanding it to other
areas of blue growth. These VREs comprise (1) collaborative assessments
of stock status, including computing-intensive capacities for ecological and
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food-web-based biological assessments; (2) production of a global record of
stocks and fisheries to support regional and global policy-making for fish-
ery resources, and responsible trade and consumption practices; (3) socio-
economic and environmental performance analysis of aquaculture farms
and systems for empowering production companies in performance evalu-
ation, benchmarking, and decision-making; (4) semiautomated recognition
of spatial features from integrated remote sensing and geographic informa-
tion system sources, to support spatial planning in aquaculture and habi-
tat assessment and monitoring; and (5) mobile data collection to empower
small-scale fishers in comanagement processes, such as identification of
VMEs, onboard bycatch, and illegal, unreported, and unregulated sightings
in small-scale fisheries.

More specifically in support of blue growth and food security, the Global
Action Network was launched in March 2015 in Grenada. This network
identified three action groups to address, respectively: (1) the fundamentals
of Blue Growth and food security, facilitated by the Netherlands, Portugal,
the FAO, and WorldFish; (2) the Investment Readiness Facility, facilitated by
Grenada, the World Bank, and WorldFish; and (3) knowledge and technol-
ogy, facilitated by Cabo Verde, the FAO, and Rare (an NGO). These three
action groups were to work toward defining the fundamentals, scope, princi-
ples, guidelines, and indicators for best practices of blue growth, promotion
of investment, and an exchange platform to monitor and evaluate progress
and impact.

The BGI and the work of the three action groups in support of blue growth
and food security are likely to play an important role in the post-2015 SDGs,
in particular, Goals 2 and 14 (see Section 19.1). The pilot activities imple-
mented under the BGI banner and the wide partnership it is building will
generate important data, analyses, and information products that can help
monitor progress toward achieving the goals and targets of global fisheries
performance.
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18.1 Introduction

The use of scientific information in advocating for marine conservation and
implementation of sustainable fisheries policies and practices has long been
the focus of many conservation and environmental nongovernmental orga-
nizations (ENGOs) (Garcia et al. 2014). In Canada, environmental organiza-
tions have increasingly been included as stakeholders in various integrated
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management processes, including the failed Eastern Scotian Shelf Integrated
Management process (Dutka et al. 2010; see also Chapter 12 in this volume) and
the ongoing Pacific North Coast Integrated Management Area (www.pncima.
org). Fisheries management processes have also begun to include environmen-
tal organizations, for example, the decade-old Marine Conservation Caucus on
the west coast and the more recent Canadian federal Department of Fisheries
Oceans (DFO) and ENGO Forum, established in 2012 with DFO Maritimes
Region and local conservation organizations. In addition to these process-
oriented initiatives, other examples of collaboration exist between ENGOs
and marine industries to address specific marine conservation concerns. The
redirection of shipping lanes in the Bay of Fundy in 2003 to protect the North
Atlantic right whale was a successful initiative developed between the World
Wide Fund for Nature (WWF); the Center for Coastal Studies in Provincetown,
Massachusetts; Transport Canada (Canadian federal government depart-
ment); and Irving Oil Limited, which has resulted in fewer ship—whale strikes
in Canadian waters. This decision is seen as one of the contributing factors
to a rebounding population of the endangered whale (CTV News 2015; Van
Der Hoop et al. 2013), as noted in research on the subject conducted by the
New England Aquarium (2015). On the west coast of Canada, the 2012 British
Columbia Trawl Agreement stemmed from a collaboration between the David
Suzuki Foundation, the Living Oceans Society, and the fishing trawl indus-
try and resulted in a globally unique approach to protecting cold-water coral
and sponge habitats through a combination of area closures and fleet-wide
bycatch limits (Wallace et al. 2015). ENGOs can play an important role at the
science—policy interface and can be effective intermediaries in the negotiation
and implementation of novel approaches to marine conservation.

The Canadian government has been criticized for its failure to protect
marine species at risk through existing legal frameworks and related policy
mechanisms (McDevitt-Irwin et al. 2015; Hutchings and Fiesta-Blanchet 2009;
Mooers et al. 2007). In Canada, DFO is tasked with implementing both the
Fisheries Act and the Oceans Act. In addition, Canada’s Species At Risk Act
(SARA), implemented by DFO and Environment Canada, includes the protec-
tion of marine species. Together, these three pieces of legislation—which at a
high level provide for fisheries management, protection of the ocean through
marine protected areas, and for legal protection of species at risk—should, if
implemented appropriately, ensure that Canada is a global leader in marine
environmental protection from the perspective of living marine resources.
Despite these legal tools, considerable evidence shows that Canada is failing
its living marine resources, as well as the Canadian public, through its inabil-
ity to protect marine biodiversity (Hutchings et al. 2012) and by not estab-
lishing marine protected areas in a timely manner (CPAWS 2015a,b). While
scientific information is critical for achieving policy implementation, it is also
important that this information be brought to the associated policy fora, and
that the public is adequately engaged so that decisions, which are ultimately
political in nature, are made with the contribution of civil society.
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Governments at multiple levels are often caught in the push-pull of
balancing economic gain with environmental protection, as well as allocat-
ing adequate financial resources for enforcement of environmental protec-
tion policies, including those focused on oceans and coastal management.
ENGOs bring a unique set of skills to the table with the ability to integrate
scientific information and advocacy for the application of that information
through relevant policy implementation. In addition, ENGOs are able to
engage the general public and communicate complicated scientific informa-
tion and government policy in efforts to create agency involvement across a
broad audience.

The example of large pelagics management in Atlantic Canada provides an
informative case study about information use at the science—policy interface.
The way that data are shared and interpreted has led to a situation where
a swordfish fishery, which catches three sharks and two turtles for every
swordfish, obtained Marine Stewardship Council (MSC) certification (MSC
2012a, 2012b). As well, western Atlantic bluefin tuna, assessed as endangered
in 2011 by the Committee for the Status of Endangered Wildlife in Canada
(COSEWIC) (COSEWIC 2011), are currently fished at levels higher than in 2011
(ICCAT 2014) and with few additional management measures in place since
their assessment (McDevitt-Irwin et al. 2015). This case study describes the
science and policy decisions that enabled the current status of these fisheries
and related management and certification schemes to arise. The study further
examines the role of an ENGO in engaging at the science—policy interface, with
mixed results in achieving management measures to reduce human impact on
large pelagic marine species, including swordfish, tuna, and sharks.

First, we provide background on the Ecology Action Centre (EAC), an
environmental not-for-profit organization based in Atlantic Canada, and
on its involvement in efforts to reduce shark bycatch and improve the man-
agement of Atlantic bluefin tuna within Canadian waters. We then describe
the EAC’s engagement in related decision-making fora, including acting as
a stakeholder in the MSC eco-certification scheme and regional, national,
and international fisheries management frameworks. We describe policy
engagement processes as well as public awareness initiatives and conclude
with recommendations for reducing conflict between fisheries management
and conservation of species at risk in Canada. Finally, we outline ongoing
challenges in transparency and decision-making in management processes
related to the conservation of large pelagic fisheries.

18.2 Overview of the Ecology Action Centre

Founded in 1971, the Nova Scotia-based Ecology Action Centre is the oldest
environmental not-for-profit organization in Nova Scotia and the largest in
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Atlantic Canada. The EAC works in seven major “action areas,” including
energy, transportation, forestry and wilderness protection, coastal and water
resources, local food, built environment, and marine and fisheries conserva-
tion. The EAC is membership based and relies on a combination of grass-
roots initiatives, research, public education, and policy advocacy to achieve
its objectives. The Marine Program was founded in 1994 and works toward
the sustainability of the ocean environment as well as promoting healthy
coastal communities, with the vision that

Canada’s oceans are healthy and our coastal communities thrive. This
is achieved through sound conservation-based management, equi-
table policy, and resilient markets that incentivize sustainable fishing
practices, while ensuring that Canadians have access to fresh, fair fish.
(EAC 2015)

The EAC relies on the best available scientific information provided by
government and academic research to advocate for marine protection. The
EAC is unique in its approach in using a wide variety of tools, from data col-
lection to legal action to public awareness and policy advocacy, to achieve its
goals. Because the EAC has a mandate of sustainable jobs and a sustainable
environment, the marine work includes positive outcomes for coastal com-
munities as well as the marine environment. Fisheries resources are managed
nationally and internationally, and, as such, the EAC’s marine work engages
across these jurisdictions, in addition to working at the local community
level to advocate for and incentivize improvements in fisheries management,
fishing methods, and marine protection. The EAC also engages in market-
based approaches as a stakeholder in Marine Stewardship Certification and
the promotion of sustainably caught fish that result in a triple bottom line
economy, that is, producing social, environmental, and economic benefits for
coastal communities.

The impetus behind the founding of the EAC’s Marine Program was the
collapse of the Atlantic Canadian groundfish fishery in the early 1990s.
Among its first projects was raising awareness of the existence of cold-water
corals in Atlantic Canada (Breeze 1997), primarily through interviewing fish-
ermen and combining their anecdotal information with existing scientific
information. The EAC then collaborated on hosting the First International
Symposium on Cold-Water Corals in 2000, which brought together interna-
tional scientists and started a baseline of information on cold-water corals
globally (Willison et al. 2001). At the same time that the EAC was working
on increasing knowledge of cold-water corals, it was documenting impacts
to seafloor ecosystems as observed by fishermen (Fuller and Cameron 1998)
and engaging in policy advocacy to reduce the impact of destructive fish-
ing practices, namely bottom trawling, on fragile seafloor ecosystems. Since
that time, the EAC has increased its engagement in fisheries management
and marine conservation stakeholder processes, including regional advisory
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councils, international fisheries management processes through participa-
tion at regional fisheries management organizations (RFMO), such as the
Northwest Atlantic Fisheries Organization (NAFO) and the International
Commission for the Conservation of Atlantic Tunas (ICCAT) meetings, and
communication activities designed to raise public awareness about fisher-
ies management in Canada. While focused in Atlantic Canada, the EAC’s
Marine Program is an active participant in national and international coali-
tions of ENGOs—namely, the Deep Sea Conservation Coalition and the High
Seas Alliance, working together to achieve marine protection both within
Canada and on the high seas.

18.3 EAC Focus on Swordfish, Shark, and
Tuna Fisheries in Atlantic Canada

The EAC first began working on large pelagic fisheries in 1995, following
reports from fishermen of high levels of juvenile bycatch and nontarget catch
in the pelagic longline fishery targeting Atlantic swordfish (Xiphias gladius)
(Fitzgerald 2000). Impacts of pelagic or surface longlines have been well docu-
mented, particularly on nontarget and threatened species (Lewison et al. 2004;
Lewison and Crowder 2007; Mandelman et al. 2008; Gilman et al. 2008). When
we began this work, commercial longline fisheries for swordfish and por-
beagle shark existed, with a small-directed longline fishery for bluefin tuna.
Because the EAC had become known for supporting low-impact methods of
fishing through advocating for restrictions on bottom trawling, local fisher-
men felt that the EAC might be able to assist in raising awareness about and
changing policies to mitigate the impacts of the pelagic longline fishery. This
method of fishing was in stark contrast to the targeted, low-impact harpoon
fishery that has no bycatch or impact on the ocean floor (Fuller et al. 2008).

As part of building a case for the implementation of low-impact fishing gear
and rebuilding of large pelagic fish populations, in the late 1990s, the EAC
conducted a study entitled “The Decline of the Cape Breton Swordfishery:
An Exploration of the Past and Recommendations for the Future of the Nova
Scotia Fishery” (Fitzgerald 2000). This report focused on collecting data from
active fishermen on trends and patterns observed over time in the inshore
swordfish fishery and documented scientific information available from the
Department of Fisheries and Oceans (DFO) on landings of swordfish over
time, as well as information on bycatch of the longline fishery. Observations
from fishermen provided significant insight into the problems with the long-
line fishery, including shark bycatch and catch of juvenile fish:

You could get a thousand sharks, one on every hook. In the last few
years, they have been finning ... that is a bad thing because someday
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someone’s going to want them. It is like taking the tongues out of the
buffalo. (Respondent #36)

We were getting a pile of fish, that was the hell of it. When you were
longlining, you got fish that big, 70-80 small fish some days. It was a
damn shame to get those babies. (Respondent #25) (Fitzgerald 2000)

The report provided 10 recommendations to improve the swordfish stocks
and the fishery, including, but not limited to, improved data collection on
bycatch, reducing the allocation to the longline fishery and increasing the
harpoon quota as a method of reducing both juvenile catch and bycatch,
implementing closed areas, and enforcing existing conservation measures
agreed to at ICCAT, the international body where catch allocations are
decided (Fitzgerald 2000). In addition to the high levels of bycatch in the
longline fishery, this capital-intensive method results in more wealth con-
centration. This means that coastal communities do not benefit as well or
as equally from the swordfish resource when they are caught with longline.
Conversely, with the harpoon method, individual fishermen own licenses
and are able to maximize the return from swordfish. This report led the EAC
to increase engagement in advocacy for conservation and bycatch reduction
measures, as well as outreach to the public and fisheries managers.

As a part of a follow-up to this work, the EAC, together with the U.S.-based
Marine Conservation Institute (MCI) and the British Columbia-based Living
Oceans Society, published a report in 2008 entitled How We Fish Matters:
Addressing the Ecological Impacts of Canadian Fishing Gear (Fuller et al.
2008). This report reviewed the impacts of all fishing gear used in Canada
and provided specific recommendations, including the development of
a national bycatch policy. A previous report by the MCI documented the
impacts of fishing gear in the United States (Chuenpagdee et al. 2003); how-
ever, the EAC recognized that different methods of fishing as well as dif-
ferent environmental conditions and regulatory frameworks warranted a
similar study in Canada. The report development included a workshop that
brought together fisheries managers, fishermen, First Nations peoples, and
conservation organizations to review and assess the impacts of various fish-
ing gears and rank the level of their impact (Fuller et al. 2008). Pelagic long-
lines were determined to have a high impact on sharks and large pelagic
species, medium/high impact on seabirds, and medium impact on marine
mammals in Canadian fisheries.

The results of this work were communicated broadly to regulators and
fishing industry associations, as well as through traditional and social media.
The assessment of collateral impacts of fishing gear created a longer-term
policy advocacy agenda for the EAC’s conservation work on Canadian fisher-
ies. As part of carrying forward the report recommendations, the EAC began
to become involved more actively in the Atlantic Large Pelagic Advisory
Committee (ALPAC), as well as communicate with organizations advocat-
ing for conservation through ICCAT, the regional fisheries management
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TABLE 18.1
COSEWIC Status of Bycatch Species in the Atlantic Canadian Swordfish Fishery
Date of Years under

Common Scientific COSEWIC COSEWIC SARA Consideration

Name Name Status Assessment Listing for Listing

Atlantic Thunnus Endangered May 2011 None 2.5
bluefin tuna thynnus

Basking Cetorhinus Special Nov. 2009 None 3.5
shark maximus Concern

Blue shark Prionace Special April 2006 None 7.5

glauca Concern

Shortfin Isurus Threatened April 2006 None 7.5
mako shark oxyrinchus

Porbeagle Lamna nasus ~ Endangered Reassessed None 11 since initial
shark May 2014 assessment, 9

since listing
decision

Leatherback Dermochelys ~ Endangered May 2001 Schedule 1 2
turtle coriacea

Loggerhead Caretta Endangered April 2010 None 5
turtle caretta

organization responsible for the management of highly migratory species in
the Atlantic Ocean.

In the years between the initial examination of the decline of the swordfish
fishery and the assessment of the impacts of Canadian fishing gear, several
studies documented the impact of longline fisheries on shark populations in
the Northwest Atlantic (Baum et al. 2003; Baum et al. 2005). Species caught
in the Atlantic Canadian longline fishery increasingly were being reviewed
by COSEWIC and subsequently being considered for listing under Canada’s
Species at Risk Act (Table 18.1).

The increasing vulnerability of shark species as indicated by the COSEWIC
assessments and academic publications, the assessment of Atlantic blue-
fin tuna as endangered, and the failure of fisheries management bodies to
adequately address fishing impacts on these species, set the stage for spe-
cific policy advocacy and public engagement through traditional and social
media avenues. In 2009, the Atlantic Canadian Longline Swordfish fishery
also entered into certification by the MSC (MSC 2009), resulting in it being
the first surface longline fishery globally to seek the eco-certification label.
In the following sections, we describe specific information-based campaigns
and advocacy within policy fora conducted by the EAC between 2010 and
2015 to achieve conservation measures to protect large pelagic species in
Atlantic Canada.

We begin with chronicling the EAC’s input into the MSC certification,
beginning with the initial assessment by the MSC in 2009, through to the
annual surveillance audit in August 2015. We then focus on species-specific
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campaigns for the protection of sharks, with a focus on the directed Canadian
fishery for porbeagle shark and management of the endangered Atlantic
bluefin tuna. We discuss the EAC’s role in bringing data to the table, raising
public awareness as well as advocating for protective measures in govern-
ment decision-making bodies, including ALPAC and ICCAT, and through
Canadian law, including the Species at Risk Act. Through action, education,
and advocacy, the EAC has focused on achieving the following:

¢ Fishing quotas and total allowable catches (TAC) for swordfish
and tuna fisheries that are in line with robust precautionary scien-
tific advice, particularly in the face of scientific and environmental
uncertainty related to stock rebuilding

e Improvements in fishing behavior and fishing gear substitution
to reduce bycatch of sharks and turtles in the Atlantic Canadian
swordfish longline fishery

¢ Alternatives to quota increases that can allow for maintenance of a
fishery, as well as rebuilding of populations, primarily through the
support of a recreational fishery for Atlantic bluefin tuna

e Harmonization of Canada’s requirement under the Species at Risk
Act to protect marine species at risk, with the conflicting decisions
made through fisheries management of fisheries for species at risk

® Inclusion of civil society and ENGO participation in science and
policy processes to increase transparency and accountability of
decision-making

e Ensuring that third-party eco-certification schemes are upholding
best practices of fisheries management and are using the best avail-
able scientific information when making decisions on certifications

18.4 Marine Stewardship Council Certification

The rise of eco-certification schemes in commercial fisheries can ostensibly
be linked to the desire for environmentally sustainable food production. The
largest of these schemes, the Marine Stewardship Council, was formed as a
partnership in 1996 by WWEF and the Unilever Corporation to improve envi-
ronmental practices in large-scale commercial fisheries. MSC assesses fish-
eries across three principles and has developed an elaborate and reasonably
comprehensive scoring guidance for these principles. The three principles
are (1) sustainable fish stocks, (2) minimizing environmental impact, and (3)
effective management (MSC 2015). The MSC program allows for fisheries to
become certified with conditions, meaning that the certification is one that
seeks continuous improvement rather than the existing practices of a fishery
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at the time of certification. The MSC itself does not conduct the certification
process; instead, the fishing industry employs certification bodies to conduct
the assessment, and all stakeholder input is submitted to, managed by, and
responded to by the certification body.

The actual conservation benefits of the MSC, in terms of leading to concrete
measures that have improved marine resources, have been questioned (Ward
2008; Jacquet et al. 2010; Galil et al. 2013). However, some have found concrete
improvements as a result of certification (Martin et al. 2012). Where there is
capacity and detailed knowledge of a particular fishery, often by environmen-
tal organizations, and in some cases by other fishing entities, the certifications
have been challenged through official objections (Christian et al. 2013).

18.4.1 EAC Stakeholder Engagement

Because of our background in research and policy advocacy for lower-impact
fishing methods wherever possible, the EAC engaged heavily in the MSC
process for longline swordfish. The certification process was further compli-
cated by the fact that the harpoon fishery and the longline fishery entered
the assessment process simultaneously, largely as a cost saving measure, as
the information under Principle 1 (stock status) and Principle 3 (manage-
ment measures) was more or less the same, with the difference between the
fisheries occurring under Principle 2 (minimizing environmental impact).
Throughout our engagement, it has been necessary for us to obtain access to
the best information possible regarding the fishery and seek the expertise of
both government and academic scientists. Our opposition to the certification
was based on the following information, a combination of the quantification
of fishery impacts and lack of associated fisheries management measures
(EAC 2011):

e This fishery has the highest bycatch to target catch ratio of any fish-
ery in Atlantic Canada at over 50% of the catch. Of these discarded
animals, 90% by weight are species considered at risk including log-
gerhead and leatherback turtles, and blue, shortfin mako, and por-
beagle sharks.

e For turtles, there are currently no bycatch limits, no mandated gear,
fishing methods, or bait configurations, and no spatial/temporal
closures.

e For sharks, there are currently no spatial/temporal closures, no gear/
bait restrictions, no limits on blue shark catch, a bycatch limit on por-
beagle that does not include discards and does not close the fishery if a
catch is over the limit, and a guideline tonnage for shortfin mako that
is not biologically based and does not include discards (Wang 2013).

* Mandated observer coverage agreed at ICCAT is only 5%, too low
to characterize bycatch reliably, that is, spatially and temporally
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(Anderson and Small 2013), and is not spatially representative of the
fishery.

e Data on the bycatch species are characterized as insufficient by the
regulator. There are clear gaps in knowledge of discard levels and
impacts on these species’ status and recovery.

The EAC engaged in the MSC process from the outset, with recommenda-
tions for independent science representation on the assessment team, partici-
pation in initial site visits by the selected assessment team, and provision of
additional information to be considered as part of the Public Comment Draft
Report (PCRD). We contributed data based on the best available science, and
described where the PCRD failed to address these significant conservation
concerns. We worked together with other Canadian environmental organi-
zations, including the WWF and the David Suzuki Foundation, submitting
joint comments with the latter and communicating our submissions to the
former. Finally, when it became clear that the fishery would be recommended
for certification, the EAC launched an official objection to the certification in
September 2011. Several other submissions by ENGOs were made, includ-
ing from the WWE, the Turtle Island Research Network, and Greenpeace.
Despite the objection and specific recommendations to amend the scoring,
the objection was overturned through an independent adjudication process
and the swordfish fishery was certified in April 2012 (MSC 2012a), three
years after the certification process began. The EAC continued its engage-
ment as a stakeholder during the annual audit process, having engaged in
the third such audit in August 2015. Despite our repeated concerns that the
fishery continues to adversely impact threatened and endangered bycatch
species, there remain large gaps in both science and management, including
the lack of science capacity at DFO, as of summer 2015, to address outstand-
ing gaps in shark assessments as well as continued low observer coverage
that does not allow for robust estimates of bycatch. At the same time that the
EAC was heavily involved as a stakeholder in this certification process, we
attended ALPAC, ICCAT, and related science meetings where stock assess-
ments and recovery potential analyses are conducted. ALPAC began a pro-
cess of developing an Ecosystem Working Group, where issues of bycatch
and other research programs could be addressed; however, this working
group last met during the annual ALPAC meeting in 2010 but has not been
reconvened since that time.

18.5 Shark Conservation as a Vehicle for Change

In an effort to raise awareness of the problematic certification of the Atlantic
Canadian swordfish fishery and the declining status of sharks, the EAC
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launched a public campaign drawing attention to the impact on sharks and
using them as a vehicle for further public engagement. We recognized that
sharks are a charismatic group of animals, for which there was already
growing public concern following the exposure of shark finning and the
shark fin trade in the media. We decided to focus a campaign specifically
on porbeagle sharks, because they were the most in danger of extinction of
all of the sharks commonly caught by the longline fishery. The campaign
had two main goals: a closure of the directed fishery for porbeagle sharks
through domestic policy decisions in Canada and a ban on the retention of
these sharks within tuna fisheries at the international level with ICCAT. The
campaign illustrates how highlighting data on the status of a species, using
data to question current policies, and repeatedly bringing these facts to the
decision-making table can influence public policy.

COSEWIC assessed porbeagle sharks as endangered in 2004 (COSEWIC
2004). It was denied listing under the Species at Risk Act in 2006, a decision
that mainly cited socioeconomic reasons (Species at Risk Registry 2006).
In addition, according to ICCAT’s Standing Committee on Research and
Statistics, porbeagle sharks are one of the most vulnerable in the ICCAT area,
and they have also been assessed as endangered by the International Union
for the Conservation of Nature (IUCN). In March 2013, porbeagle sharks
were included in Appendix II of the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES), which requires coun-
tries to obtain export permits in order to trade products derived from listed
species. An Appendix II listing acknowledges that the species may become
threatened with extinction if trade is not carefully controlled (www.cites.org/
eng/app/index.php). Further, the porbeagle was reassessed as endangered in
2014 by COSEWIC, which found that the significant threats to the species had
not diminished, and that there was no notable recovery of the population
(COSEWIC 2014). Ten years after the original assessment, the species is now
awaiting a listing decision on SARA yet again. In the Northwest Atlantic, fish-
ing mortality adds decades to the already slow recovery trajectory, pushing
it to upwards of 100 years (DFO 2005) for this vulnerable shark. Estimates of
dead discards, postrelease mortality, or environmental changes over the pos-
sible century of recovery time are not accounted for, and there may be unreg-
ulated and unreported high seas catch not represented in abundance models.

18.5.1 Closure of the Directed Fishery

Canada was the last country to have a fishery that targeted porbeagle sharks.
While Canadian landings for porbeagle have declined over the last decade,
the catch was over 1000 tonnes during the 1990s. The EAC was concerned
that if the market for this shark resumed, and Canada continued to allow
the exploitation of this species with no hard cap limit, there was a real
danger that catches would rise once again. The campaign highlighted the
endangered status of porbeagle sharks as assessed by Canadian scientists
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through COSEWIC and though the international community by the IUCN
and ICCAT scientists. Data from the DFO Recovery Population Assessment
(RPA) (DFO 2005) were used to point out that recovery timelines are in the
order of decades to a century, and that this is unacceptable for an endangered
species. The Government of Canada continued to point out that, following a
declining population trend for the last 50 years, there were indications that
porbeagle numbers have stabilized in the last few years. While we agree that
this trend should be celebrated, it should not be used as a justification to con-
tinue fishing. These “signs of recovery” only mean that the shark is holding
steady at 20% of its 1960s population, which was likely lower than virgin bio-
mass levels. Porbeagle is still considered to be in the “critical zone” according
to Canada’s own Precautionary Approach Policy (DFO 2013).

DFO continued to argue that the department needed the directed fishery for
data collection and a continued time series. Canada had some of the world’s
leading nonlethal porbeagle shark-tagging research, which has contributed
immensely to our understanding of this species. We maintained that fur-
ther fisheries-independent research on porbeagle should be supported by the
government and our international partners, but data collection should not be
an excuse for maintaining a directed fishery for an endangered species with
little market value. The directed porbeagle fishery was also still considered
an “exploratory” fishery under Canadian fisheries management since it is not
yet a self-sustaining fishery economically. In fact, only a handful of fishermen
participated in the fishery, and there have been almost no landings by the fleet
in recent years. Using these facts, we were able to bring reality to the statement
that the directed fishery was of high economic importance to Canadians.

In addition to bringing these facts to the forefront at domestic and inter-
national management meetings, our public petition was perhaps the most
successful. Working with Change.org, we were able to secure over 21,000 signa-
tures that we delivered to the federal Minister of Fisheries and Oceans (Friends
of Hector 2015). Additionally, we received coverage in the national publication
Ipolitics (Zilio 2012), which was effective in communicating the porbeagle shark
issue to elected officials in Ottawa through a data driven infographic.

In 2013, the Canadian government announced the suspension of the
directed fishery for porbeagle shark. By moving the conversation forward
from the directed fishery, we then were able to focus on our larger goal of
achieving a ban on the retention of porbeagle sharks at an international level.

18.5.2 Bycatch Fishery and Advocating for Retention Bans

Porbeagle sharks are frequently caught as bycatch in the longline sword-
fish fishery, which comes under the jurisdiction of ICCAT. Thus, the EAC’s
campaign on bycatch was focused mostly at the international level. Canada
has consistently blocked the adoption of international bans on the retention
of porbeagle at ICCAT, asserting that it has a well-managed porbeagle fish-
ery based on sound science, and that the population is on track to recover
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(despite the estimated 100 plus year recovery time). The EAC has maintained
that, while Canada’s research has contributed immensely to ICCAT’s under-
standing of the porbeagle shark population, Canada’s management of por-
beagle sharks is high risk, rather than precautionary, given the lack of any
target timeline for recovery and insufficient monitoring and enforcement to
prevent further population decline. Furthermore, Canada’s refusal to sup-
port the retention ban results in the failure of ICCAT to protect the species
in other jurisdictions where management is even more flawed, as proposals
require consensus in order to pass. For several years, Canada was the only
country to block the retention ban proposal; however, in more recent years
other countries have stepped in to support the ban.

While retention bans are not always the most effective way to protect a spe-
cies from overfishing, we decided that in this case, we would support a ban.
Our rationale was that banning the retention of the species would remove any
incentive for fishermen to target porbeagle sharks opportunistically when
the markets are good. It would also mean that any landing of the species in
the Atlantic would be illegal, which makes management extremely straight-
forward, and is important for a species that is subject to illegal, unreported,
and unregulated fishing. Since observer coverage is often too low to provide
meaningful enforcement in this fishery, a retention ban is the most simple
and straightforward way to protect the species from fishing-related mortality.

Canada claimed that it was managing porbeagle shark bycatch well, with
a total allowable catch in place. The agreed 185 tonne TAC that Canada has
set for porbeagle is not actually an enforced limit. In the past, Canada’s fish-
ery management officials have confirmed that they will not stop other fleets
from catching the species once the quota has been reached. Further, the suc-
cess of the Canadian recovery program is contingent on proper accounting
of all catches, including those taken by high seas fleets. With the current
management model so risky already, any unaccounted for mortality may
slow the projected recovery time considerably. There has been mounting
concern regarding unaccounted discards of porbeagle sharks as bycatch in
several fishing fleets in Atlantic Canada, particularly juvenile discards in an
area identified as a porbeagle nursery ground.

Increased observer coverage is needed to fully assess total mortality on this
vulnerable species and to ensure that signs of further decline are noted in a
timely fashion. As yet, no limit reference points or timeline targets for recovery
have been set, nor any harvest control rules laid out for various porbeagle shark
population scenarios, as is required under Canada’s Precautionary Approach
Policy for species considered to be in the “critical zone.” Additionally, there
are no maximum length restrictions or mandatory spatial closures to protect
important life stages for porbeagle sharks, like pupping and mating.

The desire to influence these decisions led the EAC to apply to be an official
observer at ICCAT. In 2015, the EAC remains the only Canadian ENGO to attend
the ICCAT annual meetings, and has been attending these meetings since 2010.
As an observer, the EAC is able to attend meetings and sit in plenary sessions.
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Observers do not participate in decision-making and do not put forward official
recommendations or vote. Therefore, our ability to influence decision-making
at ICCAT is through side meetings with governments and submitted written
statements and interventions made during the meetings.

Unfortunately Canada, as well as some other countries, continues to block
efforts to ban the retention of porbeagle sharks. Nonetheless, progress has
been made at ICCAT and in other fora. There is growing support from other
countries for a ban on porbeagle sharks. Further, Canada did table a pro-
posal at the 2014 ICCAT meeting that would allow for only the retention of
dead sharks, which shows a desire to move the conversation forward. While
member governments and the EAC did not feel that Canada’s proposal went
far enough to protect porbeagle sharks, it was the first time that Canada has
shown any proactive behavior on the species at ICCAT.

The Appendix II listing of porbeagle sharks on CITES in 2013, which came
into force in 2014, means that those wishing to export the species must obtain a
permit from the Canadian government. These permits are issued on the basis
that trade at these levels will not jeopardize the future population. We have
heard anecdotally that the market has already been impacted by raised aware-
ness around the endangered status of porbeagle sharks, and that many traders
have not deemed it worth the effort to seek permits to trade. Hopefully, this
development will lead to a decline in catch levels of porbeagle as well, and open
doors to further conversations about the retention of the species (Box 18.1).

BOX 18.1 FINS ATTACHED
Canada’s mysterious defense of the 5% rule

Shark finning is considered one of the most egregious and wasteful
practices, as sharks are caught, fins removed, and then the rest of the
shark is disposed of at sea. While many countries have adopted fins
attached regulations, Canada is one of the few developing fishing
nations that has refused to adopt fins attached and prefers adhere to
the “5% rule” which means that when sharks are landed and weighed
the total weight of the fins must add up to 5% of the total weight of
sharks landed. However loopholes exist with the 5% rule that mean
illegal shark fins are still being landed. Requiring sharks to be landed
with their fins naturally attached at the first point of landing is the
most straightforward way of enforcing the finning ban and will greatly
improve species-specific data collection for sharks (Biery and Pauly
2012). Despite defending the 5% practice as comparable to fins attached
and more efficient for the fishing industry as storing sharks with their
fins attached is seen as impractical, Canada has yet to produce any data
on the 5% rule and its supposed comparable measures to demonstrate
that they are adequately working, despite multiple requests.
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18.6 Atlantic Bluefin Tuna

Canada’s decision-making with regard to Atlantic bluefin tuna in the last
few years, and the resulting campaign activities by the EAC, is illustrative of
the challenges in large pelagic management and the dichotomies at the sci-
ence—policy interface. DFO has often found itself in conflict between a desire
to allocate fisheries resources and significant pressure by the fishing indus-
try to increase quotas and the legal obligation to protect species at risk under
the Species at Risk Act. The management of the western stock of Atlantic
bluefin tuna offers an interesting case study into this conflict, and illustrates
how the Canadian government can be at odds with itself when it comes to
the protection of marine fish populations.

In 2011, Atlantic bluefin tuna (Thunnus thynnus) was assessed by COSEWIC
as endangered (COSEWIC 2011). The western stock of Atlantic bluefin tuna
is currently only at 55% of its 1970s levels, a time when the population was
already in decline and with overfishing cited as a leading cause of this
decline. In the four years that this species has been under consideration
for Species at Risk listing, it has received no new protective measures or
management plans from DFO. The Integrated Fisheries Management Plan
(IFMP), the public guiding document on fisheries management for Atlantic
bluefin tuna, has not been updated since 2008—a draft updated version was
circulated in 2015. Most egregiously, Canada agreed to a quota increase at
the ICCAT meeting in 2014 despite the fact that fishing mortality is the main
threat to the species, and no decision has been released by the federal fisher-
ies minister on the SARA listing decision. In fact, Canada started advocating
for a quota increase in 2012, after COSWEIC had just assessed the species as
endangered.

Due to the highly migratory nature of bluefin tuna, the species cannot
be effectively managed by one country alone. The amount of Atlantic tuna
(including bluefin) that each of ICCAT’s contracting parties can catch is nego-
tiated during annual or biannual ICCAT meetings. As a result of the decline
in the western Atlantic bluefin tuna population, in 1998 ICCAT adopted a
20-year rebuilding plan for the species after efforts up to that point had failed
to rebuild the population and instead led to further declines. Now, 15 years
into this plan, the population is still severely depleted. Given the commercial
importance of the charismatic species to Atlantic Canada and its population
decline, the EAC launched a campaign on bluefin tuna conservation in 2013.
The bulk of the public and outreach part of this work took place in Canada,
while influence at the decision-making level occurs at ICCAT.

18.6.1 Canada’s Role in Bluefin Tuna Management

Western Atlantic bluefin tuna can live to be 40 years old, and it takes these
iconic fish up to 10 or more years to mature (ICCAT 2012). Since they take
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longer to reach sexual maturity than most fish species, there is a high
probability that they will be caught before they are able to spawn. This
makes them especially vulnerable to overfishing. The Canadian bluefin tuna
fishery, particularly in the Gulf of St. Lawrence, not only targets the giants—
the largest and most biologically important members of the population—but
it is the only country in the world to do so. Therefore, Canada holds a critical
role in determining the fate of western bluefin. Canada was among the first
contracting parties when the treaty that established ICCAT was signed in
1966 and, until recently, had been considered a leader in precautionary blue-
fin tuna management. Canada remains an influential party within ICCAT
decisions and holds 23% of the western Atlantic bluefin tuna quota (as well
as quota transfers from other countries).

18.6.2 EAC’s Efforts to Raise Awareness and Influence
Policy on Bluefin Tuna Management

The EAC bluefin tuna campaign focuses on the dichotomy between
Canada on the one hand reviewing Atlantic bluefin tuna to be listed on
the Species at Risk Act and, on the other, advocating for quota increases.
Since this is an internationally managed species, the EAC’s engagement
with the government has been mainly through ICCAT and regional advi-
sory bodies. An important role for the EAC has also been communicating
complicated and lengthy scientific documents on the status of Atlantic
bluefin tuna.

The EAC is a member of ALPAC, the regional body that meets annually
and provides recommendations to the federal fisheries minister on the man-
agement of tuna and swordfish. At these meetings, DFO presents science
data collection plans on large pelagics. As an official member of ALPAC, the
EAC has the opportunity to sit at the same table as industry and Aboriginal
members.

As noted above, the EAC remains the only Canadian ENGO to attend
the ICCAT annual meetings, and has been attending these meetings since
2010, originally to advocate for greater protection for sharks. While being
at the decision-making table is necessary for advocacy campaign success,
an important role that we play as an ENGO is the ability to link the pub-
lic to the issues. The EAC continues to highlight the status of bluefin tuna
through traditional and social media. In 2014, as a way to refute the argu-
ment that the only way for fishermen to make more money from bluefin
tuna is through a quota raise, we commissioned a study on the newly
emerging live release tuna fishery. While the tuna fishery in Canada began
as a recreational fishery in the first part of the twentieth century, in recent
decades it has been exclusively a commercial fishery. However, the Gulf of
St. Lawrence has seen the development of a live release recreational fishery
since 2010. In the last four years, the live release fishery has grown consis-
tently, and data suggest that it has the potential to bring in almost six times
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as much revenue to fishers as the commercial fishery. This fishery has a
low level of tuna mortality—roughly 5%—and therefore has a much lower
impact on the population (EAC 2014).

In their advice for the 2015 fishing year, ICCAT scientists said that catches
of less than 2250 tonnes had a 50% chance of keeping the population where
it was or potentially increasing it. However, they went on to say that keeping
the quota at 1750 metric tonnes would allow the population to increase more
quickly and help to decrease some of the uncertainty with stock assessment
models. In order to communicate this message to the public, the EAC placed
an advertisement in a newspaper, the Ottawa Citizen, that distilled the sci-
ence down to these facts (Figure 18.1). We were disappointed that, despite
this advice, ICCAT parties agreed to raise the quota to 2000 tonnes, as they
felt that a slightly more optimistic outlook than previous years justified a
quota increase.

The Department of Fisheries and Oceans
believes they can increase the Atlantic
bluefin tuna quota

Scientists say that an increase in fishing
quota could have a 50% chance of
decreasing the tuna population

%

is a coin toss.

Canada, don't leave the
recovery of an endangered and
valuable species to a coin toss.

For more information go to

2facedontuna.ca

e Ecology Action Centre

FIGURE 18.1
Public interpretation of the scientific risk assessment regarding the rebuilding of the Western
Atlantic bluefin tuna stocks presented at ICCAT in 2014.
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Throughout the campaign, the EAC continues to be the voice of long-term
sustainable management of the stock. Itis critical that DFO renew its commit-
ment to using a precautionary, science-based approach to western Atlantic
bluefin tuna management. Bluefin is an important part of eastern Canada’s
history, culture, and economy, along with playing an important role as an
apex predator in Canada’s waters. While rebuilding may require short-term
moderation, it will ensure the long-term sustainability of the western blue-
fin population and all that depend on it. Thus, fishery managers must only
authorize removals at a level that promotes a full recovery.

18.6.3 Public-Facing Aspects of EAC’s Campaigns:
Hector the Shark and Tina Tuna

The EAC has long recognized that building public support and awareness
around issues are important tools that can be used to put pressure on gov-
ernments and managers to make policy changes. One of the challenges in
this task can be finding ways to distill complex, scientific information into
interesting and easily digestible content for the general public. In order to
gain the attention of the public and to provide a fun, casual, and interest-
ing platform for the dissemination of information, the EAC has employed
mascots or “spokes-fish” to act as mouthpieces for the public-facing aspects
of its large pelagics campaign.

Following the launch of the initial campaign that was concerned with
the MSC certification of the Atlantic Canadian longline swordfish fishery,
the EAC developed Hector the Blue Shark, a cartoon blue shark that was
concerned with the wasteful practices of the pelagic fleet. A blue shark was
chosen to represent these concerns because of all the species caught in the
Atlantic Canadian longline swordfish fishery, blue sharks were caught in the
largest numbers, with an estimated 100,000 blue sharks caught every year in
the fishery (Campana et al. 2005), 35,000 of which do not survive (Campana
et al. 2008, 2009). While blue sharks are not as threatened (designated as
special concern by COSEWIC in 2006) as the porbeagle shark, this advocacy
campaign was seen as an opportunity to protect a species before its popula-
tion continued its trajectory. Hector the Blue Shark was set up with a website,
a Facebook page, and a Twitter profile in order to post updates on the MSC
certification process and to build support for the EAC’s objections against
it. A photo campaign was also launched, which encouraged supporters to
upload photos of themselves with Hector to show their concern and become
a “Friend of Hector.”

Hector’s Facebook page currently has close to 4000 “likes” from around
the world and has regular engagement on the information he shares.
On Twitter, Hector has about 2000 followers and is frequently asked to
weigh in on issues relating to the conservation of Canadian sharks by
the scientific community, other advocacy groups, and the general public.
Tweets receive anywhere from 3000 views per month in slower campaign
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periods, to 15,000 during more active periods such as the ICCAT annual
meeting.

With the launch of the EAC’s bluefin tuna campaign in more recent years,
we decided that Hector the Blue Shark needed a new friend, and so Tina
the Bluefin Tuna was created. She was also set up with her own website, and
Facebook and Twitter accounts. We use Tina to disseminate press releases
and news items related to tuna management around the world. During the
lead up to ICCAT, Tina encourages her followers to contact the federal minis-
ter and the Department of Fisheries and Oceans and ask them to be precau-
tionary in their management of tuna. In past years, she has encouraged her
“Bluefinatics” to bring attention to the fact that the federal government has
been “two-faced on tuna” by advocating for quota increases when the spe-
cies is still waiting for a listing decision under the Species at Risk Act. Tina
has nearly 400 followers on Twitter and over 300 on Facebook. Tina’s tweets
receive anywhere between 2,000 views per month in slower campaign peri-
ods, to 15,000 during the time leading up to and including the ICCAT annual
meeting.

18.7 Conclusion

Despite the successes along the way, there remain significant challenges
to obtaining and using scientific information to achieve marine conserva-
tion and fisheries management outcomes in Canada that are consistent with
implementing national and international laws and policies that have been
created to mitigate human impacts on our marine ecosystems. The key chal-
lenges include:

® Data availability: Fisheries observer data and logbook data are the
only source available where bycatch is recorded on a regular basis.
These data are often difficult to obtain and there is no consistent
standard for recording across regions (i.e., the Maritimes Region and
Newfoundland Region in Atlantic Canada do not share observer
databases). Observer data are often considered proprietary and not
available to all stakeholders, although academic institutions have
had reasonable success with data-sharing arrangements (Cosandey-
Godin 2015).

¢ Transparency in decision-making is a continuous challenge. It is com-
mon in meeting reports from both national and international man-
agement processes that the record of discussion is not presented, but
only a record of the final determination or decision. In international
meetings, Canada has never opened up its delegations to NGOs,
although the fishing industry and representative associations,
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arguably nongovernment, are always present on the delegation. In
fact, Canada regularly appoints ICCAT commissioners, whose role
is to “represent Canada”; however, they are members of the fishing
industry who also represent their own fishing interests and not nec-
essarily the views of the Canadian public (DFO 2009). Additionally,
at regional meetings of ALPAC there are frequently industry-only
meetings that do not include all stakeholders.

e Reductions in scientific capacity through budget reductions have
resulted in less data being collected (e.g., De Souza 2013). For exam-
ple, the August 2012 MSC certification audit of the Atlantic Canadian
swordfish longline fishery includes conditions for research on shark
populations, when DFO no longer has a dedicated scientist with
this area of expertise in Atlantic Canada. DFO has also moved to
multiyear stock assessments, which means that less information is
available. At the same time, there have been reductions in collab-
orative research efforts with organizations such as the Fishermen &
Scientists Research Society (FSRS). In addition, significant concerns
have been expressed about the muzzling of scientists in various gov-
ernment departments, leading to a reduction of information avail-
able to the public (CBC 2015).

e Clientism that favors industry participation in decision-making: While the
EAC fully supports the concepts and actions of community-based
comanagement of fisheries, we do not support decision-making
where only the fishing industry is engaged, particularly when
Canada has not committed to ensuring that quota setting does not
compromise the ability of a fish population to recover from depleted
levels. We see the need for an increased stakeholder base, as well as
more collaborative decision-making across various interest sectors.
As the EAC is committed to seeing coastal communities flourish
and wild fish populations recover and thrive, we see many areas of
mutual interest where decision-making can benefit both fishermen
and the marine environment.

The EAC has managed to use a wide variety of information—from obser-
vations and anecdotes from fishermen, to scientific information generated by
government and nongovernment scientists—to effectively engage in national
and international policy forms. By combining credible science and traditional
knowledge with innovative public engagement campaigns, and creating a
platform for individuals to take action and have a sense of urgency in chang-
ing how Canada manages and protects large pelagic species, changes in pub-
lic policy and species management have been achieved. At the same time,
significant challenges remain in seeking conservation improvements through
the MSC eco-certification process. As the marine conservation movement
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evolves, one of the difficult aspects is ensuring that Canadian policies are
being implemented by government agencies, and that third-party certifica-
tions are not seen as the major implementation mechanism. The complexities
of assessing, compiling, and interpreting scientific information, effectively
communicating with policy makers, engaging in multistakeholder manage-
ment advisory fora—sometimes as a legitimate member and other times as
an observer—requires a diverse skill set. It is important to be able to com-
prehend and interpret the science as well as have a general knowledge of the
specific scientific field. Knowing the science is only half the battle; the science
must then be communicated strategically. Relationships must be established
so that policy makers and regulators take the interjections and information
from an environmental organization seriously. Knowledge of the policy
framework, assessments of implementation, and the details around how and
when policies are implemented is also necessary. Finally, as these processes
are unfolding, it is necessary to engage the general public and the media, both
traditional and social, so that policy makers are held accountable to greater
interests than those of the specific fishing industry.

Environmental nongovernmental organizations can be effective actors at
the science—policy interface, and, in this case, the EAC has played a criti-
cal role in making public scientific information regarding the impact of
the Atlantic Canadian large pelagic fishery on nontarget species, bringing
that information to relevant policy fora both nationally and internationally,
engaging in the eco-certification process, and bringing critical information
to the Canadian public. In all cases, the EAC has brought an important voice
to the table, advocating for implementation of existing conservation-based
legislation and policies in Canada.
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19.1 Introduction

In identifying issues of critical importance regarding the role of informa-
tion in integrated coastal and ocean management (ICOM), it is essential to
recall the various dimensions and complexity of ICOM and the need for a
solid scientific basis for decision-making and effective policies in coastal
and ocean management. As discussed in Chapters 1 and 2, the concept and
practice of ICOM is not new. It has been evolving in various ways for several

447



448 Effective Coastal and Ocean Management

decades. Many terms (e.g., CZM, ICZM, ICM, ICAM, ICOM, previously
defined in Chapters 1 and 2) are used interchangeably to describe the range
of management approaches that take into account the complex ecological
(biophysical), socioeconomic, and governance characteristics of coastal
and open ocean areas. In using the term ICOM, this volume acknowledges
its broad acceptance by the international ocean management community
(UNESCO 2006).

It is clear from the contributions to this book that scientific information
is indispensable in ICOM. The complex nature of the coastal and ocean
environment poses significant challenges to environmental and resource
decision-making, highlighting the need for robust information at every
stage of its management. Problems with the coastal and ocean environment
have become so complex that they are described as wicked (Rittel and Webber
1973), as they are difficult to define and delineate, and simple solutions do
not exist, as discussed by McNie et al. (Chapter 9, this volume) and Coffey
and OToole (Chapter 3).

This volume also recognizes that the prevailing approaches of evidence-
based (evidence-informed) decision-making and policy-making have been
described recently by other researchers, for example, Young (2013). But,
as noted by MacDonald et al. in Chapter 2 and by Coffey and O'Toole in
Chapter 3, decision-making is often more complex than “imagined in the fre-
quently expressed statement that ‘science should inform decision-making””
Many factors come into play, including the use of different forms of knowl-
edge, such as anecdotal and traditional information. Recognizing this
milieu of factors provides “a richer understanding of the complex dynam-
ics involved in marine and coastal management” (Coffey and O’Toole,
Chapter 3). Furthermore, as shown by the chapter by Graham and Jones
(Chapter 14), case studies from different disciplines—in this case the health
sector—also provide insight into a range of the core principles pertaining to
the acquisition and determination of the validity of data and information.
These principles must be kept in mind when considering the role of informa-
tion in ICOM.

Distinguishing between use and influence of information in ICOM is a
challenge in itself. What does it mean to use information? We have been grap-
pling with this seemingly simplistic question for some time. How informa-
tion is utilized and with what effect varies with the individual, the context,
and/or the issue involved. Many studies have focused on the information
needs of and use by coastal and ocean managers, as shown by numerous
examples in this book. To actually parse the difference between use and
influence requires gaining access to managers, senior decision makers and
policy makers, and other stakeholders, and this process has begun (e.g., the
EIUI research program (2015), among others). A primary message is that
developing an understanding of how scientific information is used by any of
these groups is fundamental to building better policies and better manage-
ment practices in ICOM.
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Within the context of ICOM, both governmental and nongovernmental
actors (also known as state and non-state actors) play key roles, depending on
the scale of the management issue being addressed. As explained in Chapter 2
and illustrated in Figure 2.1, the actors can be differentiated into several cat-
egories: decision makers (including law makers and senior government offi-
cials), managers (reporting to decision makers, typically within government),
scientists (in government, academia, and industry), stakeholders (e.g., indus-
try, tourism, and recreational users), and the wider public in coastal commu-
nities. A distinction can be made between senior decision makers, managers,
and scientists on the one hand, and diverse stakeholders (i.e., industry, and
the wider public) on the other. The latter also include advocacy organizations
representing particular interests, ranging from pro-industry organizations
to advocacy organizations for nature conservation. The multitude of actors
involved in coastal jurisdictions contributes to the complexity of information
communication and decision-making, that is, to the science—policy interface,
regardless of the issue being considered (e.g., environmental quality, fisheries,
aquaculture, industrial development, habitat protection, or species protection).

The science—policy interface occurs in many places in decision-making
and policy-making in ICOM, and at several scales, ranging from geographic
to institutional, political, and temporal (as shown in Figure 1.1 and discussed
in Chapter 2). Managers, decision makers, and others responsible for policy
can be inundated with information from a range of sources, as is evident
throughout this volume. The working environment surrounding decision-
making is multifaceted. It is subject not only to external socioeconomic and
political contexts, but also an interweaving of flows of information and pres-
sures from legislative mandates, management programs directly involved in
ICOM, and a range of affected stakeholders (e.g., interest groups). Figure 19.1

Information
(scientific and other types)
Legislation

e/ LN

policy [T i

Management
(programs within ICOM)

Socioeconomic and political contexts

FIGURE 19.1
Information use at the science—policy interface in ICOM. Communication and information
pathways occur throughout ICOM.
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illustrates this conceptually; many information and communication path-
ways exist, to a greater or lesser extent depending on the context and case.
But, as highlighted in the case studies discussed in this volume, the infor-
mation and communication pathways between researchers and government,
and government and the public at large, are often less transparent and effi-
cient than intended.

The goal of this synthesis chapter is to draw together key themes and les-
sons from the concept chapters and case studies presented in the book. We
begin with insights about the science—policy interface, and relevant aspects
of information production, use, and influence in policy-making and decision-
making. We discuss the political nature of decision-making and present
some of the challenges and critical issues to be considered in future research.
Above all, we attempt to clarify the role of information at the science—policy
interface(s) in ICOM, recognizing that the topic is very broad. The numerous
players in ICOM and marine affairs present unique and varied perspectives,
and our collective efforts addressing the topic have undoubtedly left gaps. As
Ouellette and Hardy (2010, p. 7) stressed, “integrated coastal management,
in a sustainable manner, seems a formidable challenge yet it is particularly
important that we ... [act] strategically and efficiently with the best informa-
tion and tools at hand.” Ascher and Ascher (Chapter 7, p. 153) also emphasize
this point very clearly: “Sound knowledge is crucial for good coastal policy
and management decision-making.” This statement is our credo and the rea-
son we embarked on the voyage of preparing this book.

19.2 Themes and Critical Issues

The chapters on fundamental concepts and principles (Section II) and the
case studies (Section III) set out the diverse roles of information in policy-
making and decision-making. Most of the chapters refer directly to the
needs of ICOM, and a few chapters draw on experiences in other issue areas,
to introduce concepts important to evidence-based and evidence-informed
policy-making. Many of the case studies have approached information use
and influence from managerial and advisory levels in different institutions
(e.g., see Gluckman and Allen, Chapter 10; Wells, Chapter 16). In examining
how information is produced, how it influences behavior, and how it is used
by the various actors, we gain insights into how these components of the
ICOM information cycle work and are interconnected with one another.

19.2.1 Production of Information

Information important to ICOM is produced by government agencies,
intergovernmental bodies, academia, and nongovernmental organizations
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(NGOs), among other contributors, in various forms, primary and grey and,
in recent decades, much of it (but not all) is available digitally. This produc-
tion pattern is apparent in the various chapters in this book.

However, it should be recalled that information and knowledge are distinct
entities and that information acquisition does not ensure that full knowledge
is attained (Ascher and Ascher, Chapter 7). Information and knowledge are
generated by a wide range of people and institutions, not all of whom are
involved in the decision-making process. Certainly, this is true in marine sci-
ence, where most scientists, especially in academia, can pursue basic or dis-
covery science, regardless of its applications (use) in ICOM. Given time and
confirmation, much new information becomes part of the body of knowl-
edge. Knowledge generation occurs within particular social and governance
contexts with varying levels of access and visibility. These points have also
been highlighted by other researchers, including those in this volume.

McNie et al. (Chapter 9) and Ross and Breeze (Chapter 12) emphasize the
production aspect in light of expected users, with the latter focusing on state
of the environment (SOE) reports. They state that the process of generat-
ing scientific reports is as important, if not more important, than the reports
themselves, given the interplay between credibility (soundness), legitimacy
(fairness), and salience (relevance) as defined by Mitchell et al. (2006). This
conclusion was also reached by Wells (2003) and Lexmond (2009). In addi-
tion, Gluckman and Allen (Chapter 10) describe operationalizing a research
and scientific information standard for fisheries that includes government-
led working groups and participatory workshops. The end product alone is
not the only significant outcome. The production process can also be impor-
tant as it often includes multiple stakeholders and multiple sources of infor-
mation, and allows consensus building on a subject where information on an
issue is controversial or incomplete.

It is well understood that information is produced in various formats. But
the format of the information and the way in which it is communicated can
affect its use in decision-making (Mitchell et al. 2006; Wells 2003; Ababouch
et al., Chapter 17). For instance, decision makers in Environment Canada
prefer and request summary information on various topics and issues to
be presented in the form of briefing notes that summarize complex con-
cepts succinctly, rather than the original, detailed technical papers (Wells,
Chapter 16). How information is produced and presented to different audi-
ences impacts the way it is perceived, and thus directly affects its use.

19.2.2 Use of Information

Stepping back to consider what makes science or knowledge most useful
from a policy perspective, Mitchell et al. (2006) argued that the use of science
depends on its perceived credibility, legitimacy, and salience (as defined in
Section 19.2.1) by multiple stakeholders. Hartley (Chapter 8) draws on Wilson’s
(2009) emphasis on the importance of these factors (credibility, legitimacy,
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and salience) in the latter’s evaluation of the use of scientific information by
the International Council for the Exploration of the Sea (ICES). These fac-
tors are widely cited in political science scholarship on the science—policy
interface. The neutral, authoritative, and politically distant view of science
of “speaking truth to power” is frequently emphasized when discussing the
role of scientists in the making of environmental policy (Gupta et al. 2012;
Haas 1992). There is an assumption both in that literature and in several of
the chapters in this volume that useful scientific information will inherently
improve decision-making (McNie et al., Chapter 9; Gluckman and Allen,
Chapter 10; Ross and Breeze, Chapter 12).

One might also note the institution or intent behind knowledge genera-
tion, as much internal government science is mandate specific and mission
oriented. Formal processes for producing scientific advice that are embed-
ded within organizations, considered to be the authority for coastal and
ocean management (e.g., the Food and Agriculture Organization of the
United Nations (FAO) and national fisheries departments), have been seen to
provide credible and relevant information for decision-making (Gluckman
and Allen, Chapter 10; Ababouch et al., Chapter 17; Soomai 2015).

Some operational units of organizations are more involved at the science—
policy interface than others (Ross and Breeze, Chapter 12; Wells, Chapter 16;
Ababouch et al., Chapter 17). As noted by Ababouch et al. (Chapter 17) and
Ross and Breeze (Chapter 12), evidence-based policy-making emphasizes
the importance of such an approach, and partnerships (e.g.,, among govern-
ment, NGOs, and regional and international organizations) provide a mech-
anism for bringing data and information together from different sources.
Partnerships with various stakeholders are also a cost-effective mechanism
in information production with global austerity measures today (Ababouch
et al, Chapter 17). Given the fact that major issues addressed in ICOM are
intertwined with social and economic issues, for example, social well-being
and food security, and that they are inherently complex, it is paramount that
different sectors overcome the disparities in their technical languages and
cultures (Rice, Chapter 4), and utilize both formal and informal linkages of
communication (e.g., Hartley, Chapter 8 and Wells, Chapter 16).

How different units of organizations move information through to where
it is needed is especially important. Networks, for example, are common
in every community of practice. As Hartley points out (Chapter 8, p. 182),
“Communication patterns in networks can develop mutual understanding,
organizational learning, trust, and other features critical to the development
of credibility and legitimacy of scientific information.”

Determining how information is utilized is challenging since much work
is occurring digitally today. With the increasing use of the Internet, issues
related to accountability, traceability, archiving, and verification of data and
information are of increasing importance. This development may be less of a
problem for governments with central archives/registries of publications and
communication activities. However, informal communication and related
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documentation are also common features of work places and decision-
making, which is very difficult to document. There is a growing risk of the
possible loss of information for situations and exchanges where no organized
record is maintained, for example, NGO interactions or informal discussions
in meetings with government and industry. In order to counter any potential
bias, information should be gathered and combined from multiple sources
and sectors, such as Fuller et al. (Chapter 18) noted with regard to the genera-
tion of fisheries statistics for international fisheries management.

Ascher and Ascher (Chapter 7) and Graham and Jones (Chapter 14)
pointed out that misinformation can be disseminated deliberately or acci-
dentally. How information is misused varies according to the context and the
individuals involved (Nutley et al. 2007). For instance, misuse can be demon-
strated by the selection of information or misinterpretation of information
(Graham and Jones, Chapter 14). The impact of the misuse of information is of
concern as a reduced perception of its credibility can result. With the current
general overabundance of information, stakeholders may lack confidence in
their ability to recognize credible information or may simply not be knowl-
edgeable enough to filter out misinformation. As a consequence, a decision
may be made without realizing that the information on which the decision
is made is not credible, or a decision is not made at all because of a fear that
available information lacks credibility (Ascher and Ascher, Chapter 7 and
Graham and Jones, Chapter 14).

19.2.3 Influence of Information

An important point made by several of the case studies is that scientific
information informs policy-making, but not necessarily policy outcomes,
that is, knowledge alone should not be assumed to influence policies (Rice,
Chapter 4; Gluckman and Allen, Chapter 10; DeSombre, Chapter 13; Graham
and Jones, Chapter 14). This point underlies the recent literature on the dis-
tinction between evidence-based policy-making and evidence-informed
policy-making. Information can be used to scope, as well as inform issues, a
phenomenon known as framing (Niemeijer and de Groot 2008; Rice, Chapter 4;
Ross and Breeze, Chapter 12; Graham and Jones, Chapter 14). Once the infor-
mation is in the hands of managers and decision makers, however, other
issues often come into play, including socioeconomic and political pressures.
Consequently, the same information used by different organizations and in
different contexts can lead to different outcomes (Rice, Chapter 4), prompt-
ing the question, whose information matters and who decides (De Santo
2010; Rice, Chapter 4; Gluckman and Allen, Chapter 10; Graham and Jones,
Chapter 14; Wells, Chapter 16).

Typically, the audiences for information are varied, and they differ in how
they search for and use it (Ascher and Ascher, Chapter 7, Ababouch et al.,
Chapter 17). Audiences, whether managers, special interest groups, or the
public, apply a variety of filters in seeking information for decision-making,
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and their different underlying motivations need to be taken into account
when examining how information influences behavior. Hence, the com-
plexity of the governance dialogue, as described by Coffey and O’Toole
(Chapter 3) and Rice (Chapter 4), accentuates the spectrum of information
use practices and patterns due to multiple audiences, motivations, and infor-
mation sources.

Trade-offs or compromises often come into play when multiple sources of
information are available for decision-making (Toonen and Mol, Chapter 6;
DeSombre, Chapter 13). DeSombre describes the trickiness of the compro-
mises related to regulation when multiple stakeholder groups are involved
and economic returns are paramount to the existence of the shipping indus-
try. Such compromises are also evident in the pharmaceutical industry
(Graham and Jones, Chapter 14). Trade-offs are also encountered when gov-
ernmental and nongovernmental actors each fulfill governance roles. Toonen
and Mol (Chapter 6) describe this development as polycentric or multiactor
governance arrangements, which are notable in fisheries, shipping, and tour-
ism. Independent bodies provide authoritative information via standard-
ized labels, benchmarks, sustainability rankings, and certification schemes,
which often act as a trade-off when government legislation and regulation
do not result in the desired industry or public response to achieve environ-
mental sustainability.

As shown in Figure 19.1, information flows in many pathways in ICOM.
However, the trajectory of its influence may be long-term and not immedi-
ately apparent. For example, Rice (Chapter 4) explores the development of
the regime for protecting marine biodiversity beyond national jurisdiction, a
lengthy process that has evolved iteratively and less rapidly than many had
hoped. In several cases of science—policy interactions, political factors have
had a major impact on the timescale for decision-making and the effective-
ness and influence of information. The work of the Intergovernmental Panel
on Climate Change (see Chapter 2) is a case in point—decades passed before
the scientific information on climate change reached the political stage and
was given serious traction at the international level.

Environmental NGOs may be particularly influential in swaying both the
public’s view of marine issues and the decision-making process itself. Fuller
et al. (Chapter 18) discuss the role of Nova Scotia’s Ecology Action Centre
(EAC) as a key communicator on fisheries issues by informing and engag-
ing the public and by distilling complex science as well as legal and policy
issues for wide consumption. Some organizations, such as EAC, also view
themselves as allies of responsible industry, helping to inform them of policy
developments, while also representing their voice in the advocacy arena.
Environmental NGOs employ different approaches in a range of contexts, for
example, using appealing spokesfish and web-based and social media infor-
mation dissemination methods in public outreach, as well as more nuanced
written statements and interventions at intergovernmental meetings, such
as the International Commission for the Conservation of Atlantic Tunas
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(ICCAT) (Fuller et al.,, Chapter 18). Another NGO profiled in this volume,
the Atlantic Coastal Zone Information Steering Committee (ACZISC), fulfills
its mandate by marshaling dissemination of coastal information and inter-
facing between scientists and policy makers, including widely distributing
updates on ICOM and organizing numerous meetings for various sectors to
interact informally (Sherin and Baccardax Westcott, Chapter 15).

19.2.4 The Role of Politics in Decision-Making

Several of the case studies presented in this volume underscore the politi-
cal nature of decision-making (e.g., Rice, Chapter 4; Gluckman and Allen,
Chapter 10; Graham and Jones, Chapter 14). Good governance that aims to
implement best practices and adaptive management must maintain account-
ability and transparency. However, socioeconomic and political factors can
eclipse the use and influence of information, as illustrated in Figure 19.1.
Providing credible, relevant, and legitimate information does not guarantee
that it will be used appropriately or, in some circumstances, at all (e.g., in
policies on climate change in some countries). The information required to
enact a decision may be readily available to decision makers, as in setting
aside a coastal location as a marine protected area or marine sanctuary for
endangered species, but opposition from affected stakeholders (e.g., the fish-
ing industries) could preclude them from acting on it (Nursey-Bray et al.
2014). 1t is, therefore, important to strengthen existing pathways and/or add
new ones to achieve transparent movement of information and understand-
ing of the ways in which governance structures affect the flow of informa-
tion (Rice, Chapter 4; Graham and Jones, Chapter 14; Wells, Chapter 16).

19.2.5 Science-Policy Interface: Actors, Uncertainty, and Trust

Important interrelated themes running throughout this book are the roles of
actors at the science—policy interface, the way uncertainty (in information)
is handled and communicated, and the related issue of trust. Toonen and
Mol (Chapter 6) and Graham and Jones (Chapter 14) note the possibility and
benefits of involving multiple stakeholder groups in decision-making and
policy-making, including engaging civil society in knowledge/informational
governance. However, while managers often aim to include many stakehold-
ers in environmental planning, this effort can also lead to stakeholder paralysis,
wherein no agreement is reached, as Hartley notes (Chapter 8), or consensus
is difficult to realize among many stakeholders who hold differing values.
Iterative communication can overcome these challenges by providing oppor-
tunities for questions to be answered and time to consider various view-
points, and build understanding of the perspectives of other stakeholders
(Sarkki et al. 2015). However, as Hartley (Chapter 8, p. 180) points out, “Few
professional opportunities exist for scientists, managers and other ... stake-
holders to engage in long-term, iterative dialogue in order to establish the
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salience of scientific information, credibility of the science, and the perceived
legitimacy of the scientific process among non-scientist stakeholders.”

The related concept of informational governance is examined in this book
in light of stakeholder empowerment and the capacity of citizens to achieve
behavioral change (e.g., of polluters) (Chapter 6). In order for such empower-
ment and change to occur, it is essential that stakeholders trust and under-
stand the regulatory and decision-making process, as shown by DeSombre
(Chapter 13) with regard to shipping, and by Graham and Jones (Chapter 14)
with respect to regulatory processes involving the pharmaceutical industry.
However, scientific uncertainty often affects the way in which information
and evidence are communicated to and perceived by various audiences.
Fisheries management recommendations for allowable catches, for example,
can be seen as having a yo-yo effect, up one year, down the next, based on
natural system fluctuations, as well as changes in measurement methods,
which affects perceptions of trust by some stakeholders (Hartley, Chapter 8).

Scientific uncertainty, discussed here and in Chapters 2 and 11, is viewed
differently in political (i.e., governance) versus scientific realms, as well as by
the wider public. Scientific uncertainty is not a homogenous concept; differ-
ent forms of uncertainty pose particular challenges for interpreting evidence
and creating appropriate management measures (Ascough et al. 2008; IOM
2013; O’'Riordan and Jordan 1995). Outsiders viewing “debates” over science
may not realize that an abundance of data may exist. The media can inflate
the importance of issues and/or the strength of counterarguments in order
to create a sharp dichotomy, for example, with biased depictions of climate
change denial (Carvalho 2007; Boykoff and Boykoff 2004). Consequently, the
onus on all parties in the science—policy divide to provide and use the best
information to make decisions is increased. All stakeholders, whether orga-
nizations directly involved in ICOM decisions or the general public, need
to proactively seek out information and be critical in assessing its validity.
Ascher and Ascher (Chapter 7, p. 171) outline reasons and strategies for moti-
vating “stakeholders to search for, make sense of, and make decisions based
on the knowledge needed for sound resource practices and stances toward
conservation policies.”

Communication and professional networks serve multiple functions, of
which the dissemination of information is notably important. As Hartley
outlines in Chapter 8, network analysis is a particularly informative method
for illustrating the communication pathways between organizations, indi-
viduals, and relevant government authorities, and the method can help to
increase understanding of issues among the public, while also building trust
via transparency. Visualizations of networks may also highlight the role of
bridgers, that is, individuals or organizations that connect other actors such
as stakeholder groups with researchers and such groups with each other or
with decision makers. As Hartley stated, and another recent study has shown
(Wilson 2015), bridgers can be pivotal for effective dissemination of informa-
tion or they can act as gatekeepers since they may selectively disseminate
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information either because they are overwhelmed by their role or because
they distribute information in a discriminating manner.

Mol (2008, p. 152) notes that, “trust has changed in the information age,”
wherein institutions, procedures, and social/experts systems outrank
individuals and leaders. Trust is an issue in the risk governance process
(Quigley, Chapter 5) and relates to how information is communicated
(Hartley, Chapter 8). Uncertainties surrounding risk assessment affect its
transparency and can lead to different ways in which information is per-
ceived by different groups (Quigley, Chapter 5).

19.3 Oceans of Information in ICOM: Future Challenges

The role of information in the various phases of ICOM has not been explic-
itly recognized or widely studied in ocean management circles (Chapters 1
and 2). Why is this? To date, few researchers (e.g., Mitchell et al. 2006) have
focused their attention on the influence of information in global environ-
mental assessments and decision-making more broadly. Information, with
its myriad attributes and dimensions, is somewhat of an elephant in the
room, unrecognized for its importance and influence in policy-making.
Numerous aspects of its relationship to decision-making need further inves-
tigation. Understanding how science is used in policy development requires
examining what makes reliable, valid, and compelling policy arguments
from both managerial and senior decision-making perspectives (Ascher and
Ascher, Chapter 7; McNie et al.,, Chapter 9; NRC 2012). Researchers and deci-
sion makers also need to appreciate how knowledge creation works, in order
to optimize the opportunities and overcome the challenges for transition-
ing scientific information and knowledge into policy, especially good pub-
lic policy pertaining to the coastal areas and oceans (Chapter 2; Coffey and
O’Toole, Chapter 3).

Further exploration of the science—policy interface will help to shed light
on two essential questions: (1) How do decision makers and practitioners
determine what sources of information are credible and authoritative, and
hence useful to their particular roles in ICOM? and (2) How can attention to
scientific information in policy-making and decision-making related to the
various program activities in ICOM be enhanced? Other challenges merit
study, some of which are briefly described in this section.

19.3.1 Improving Reliability of Information

The potential biases of information used in various regulatory and policy
development systems need to be better understood, particularly with regard
to scientific uncertainty and the related matter of trust (Toonen and Mol,
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Chapter 6; Gluckman and Allen, Chapter 10; DeSombre, Chapter 13; Graham
and Jones, Chapter 14). Biases can have negative consequences. For instance,
the reliability of evidence brought to bear in regulatory or policy decisions
may be questioned with regard to its accuracy and precision and the abil-
ity for research conclusions to be reproduced in further studies. Questions
about the reliability of information ultimately relate to the credibility of its
source. Is the information right for the question being considered?

19.3.2 Enhancing Knowledge Sharing

Knowledge sharing, described as “a key part of managing the coast” (Nursey-
Bray et al. 2014, p. 115), is another aspect of ICOM that merits further attention.
For this aspect, solidifying understanding of all of the relationships among
knowledge production, bridging organizations, and adaptive management is
needed. With this understanding in hand, then drawing on the experience of
knowledge translation and exchange (KTE) in other disciplines (see Chapter 2)
could enhance information and knowledge sharing in ICOM. “Successful joint
knowledge production” (van Tatenhove et al. 2015) must also meet the crite-
ria of credibility, legitimacy, and relevance. How this is achieved is still being
debated and “requires more systematic and empirical comparative research”
on policy processes (van Tatenhove et al. 2015). Understanding the relationships
between knowledge production and governance also needs to be improved.

19.3.3 Strengthening Information Management
and Communication Skills

There is a continuing need to strengthen the various skills of ICOM prac-
titioners, from scientists to program managers to policy makers. These
skills include both data and information management and communica-
tion capabilities. Indicators, such as the existence and application of scien-
tific advice, have been proposed to measure progress in ICOM (UNESCO
2006, pp. 137-139). ICOM practitioners must remain current by responding
to the pace of change in the information age, which is particularly driven by
advances in digital technology, including social media.

While this view is changing, marine scientists may still believe that their
primary role is to conduct research and publish their findings (Rudd 2015). In
contrast, the public may believe that researchers have an obligation to educate
society about their discoveries (Sarewitz 2013). Policy makers and decision
makers assert that researchers need to communicate their results effectively
to decision makers and the public so that appropriately informed decisions
can be made (Lalor and Hickey 2013; Gewin 2014; McNie 2007). For scientists
involved in ICOM, finding a balance between effectively communicating their
findings to the public and policy makers while safeguarding the credibility of
their work within scientific circles may be difficult. Nonetheless, public out-
reach is essential if comprehensive evidence-based decisions are to be made.
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Strategies to improve stakeholder information-seeking in the development
of environmental knowledge could positively affect decision-making (Ascher
and Ascher Chapter 7). Various communication methods to enhance the flow
of information among the ICOM actors could be applied:

* A communication gap often exists between researchers and those in
a position to make decisions or policy. Thus, asking questions about
the communication processes will help to increase understanding of
the enablers and barriers in the communication of research findings
(Cossarini et al. 2014).

e Studies on the dissemination of information have found that man-
agers and other information users place a high value on data visu-
alization in decision support systems, as available in digital atlases
(McLean 2014).

e Transparency is an important feature of effective decision-making
processes. Openness and accountability in data and information
delivery, coupled with access to the data and information by all
actors in public policy decisions, will help to overcome distrust in
decision-making processes (McNie et al, Chapter 9; Graham and
Jones, Chapter 14).

® Collaboration and overlapping membership within and among
organizations contribute to strong networks with higher degrees
of interorganizational and intraorganizational communication and
effective decision-making (Soomai 2015).

® The methods used to disseminate publications and establish
awareness of marine information, such as state of the environment
reports, often only reach the interested public. These individuals and
groups typically respond to governmental and nongovernmental
requests for input, they may be better able to contribute to policy
development because they are already active in coastal and ocean
conservation issues (Soomai et al. 2013). Additional communication
effort to reach beyond established networks requires understand-
ing the communication behaviors of many groups. For example,
the rise in social media use by younger members of a population
means that communication through social media channels is more
likely to be effective in engaging younger age-groups in ICOM
issues.

¢ ICOM practitioners will benefit from gaining experience in the dif-
ferent coastal and ocean management sectors to build appreciation
for the perspectives of each sector. This understanding, including
how and what information is used in the different sectors, will con-
tribute to more efficient and effective decision-making that accounts
for numerous points of view commonly expressed about ICOM
issues.
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19.3.4 Increasing the Visibility of Information about the Oceans

Publications prepared and released by major ocean organizations, such as the
Global Ocean Commission (2014), “may be very influential if given coverage
by the press, are noticed by politicians, policy makers and marine resource
managers, and offer proposals for positive action” (Wilson and Wells 2014).
This recommendation emphasizes the value of a promotion and advertising
campaign on the completion and during distribution of any major ICOM-
related report.

Raising awareness and use of research-based environmental information
is often challenging due to the requirement of communicating it to diverse
audiences and also engaging the public (stakeholders and individuals out-
side of established networks) in ICOM subjects. Soomai et al. (Chapter 11)
showed that studies on the awareness, use, and influence of information in
the processes of coastal and marine resource management can further under-
standing of problems with information flow at the science—policy interface.

Documenting and communicating the value of the oceans can increase
visibility on ocean issues. While this is not a new concept, it is often difficult
to achieve (Barbier et al. 2011; de Groot et al. 2010). A recent WWF report
(Hoegh-Guldberg et al. 2015) calculated the value of the oceans at US$24 tril-
lion. According to Cressey (2015), “this unique state of the oceans report with
its blunt and proactive message will serve to bridge the science—policy gap in
a way that scientific publications alone have not been able to do.”

19.3.5 Encouraging Interdisciplinary Collaboration for
Innovative ICOM Initiatives and Research

Identifying solution-oriented benefits of appropriate information man-
agement for ocean health is a necessity. Simply stated, if problems facing
the ocean are appropriately managed as a result of generating and using
accurate information, then fewer threats to resources, human health, and
water quality, for example, should occur. The day-to-day practitioners in
ICOM and marine information management specialists should continue to
collaborate and consider ways to maximize the use of information in spe-
cific programs. As illustrated by the Gulf of Maine Council on the Marine
Environment (GOMC), managers from Canada and the United States have
formally collaborated on coastal programs for over 25 years (www.gulfof-
maine.org). Similarly, member countries of global bodies like the Food and
Agriculture Organization of the United Nations (FAO) collaborate in regional
and global fisheries management (Ababouch et al., Chapter 17). The Marine
Environmental Observation Prediction and Response Network (MEOPAR)
is another example of scientists collaborating with national and international
bodies, including industry, in multidisciplinary research projects (MEOPAR
2015). Such initiatives recognize the need for data management and informa-
tion management expertise in research partnerships.
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Not unlike the efforts of organizations such as the American Association
for the Advancement of Science (AAAS) over many years, scientists are
increasingly encouraging each other to become more engaged in the policy
process in coastal and ocean management (Rudd 2015). While scientists
are calling for new levels of engagement and collaboration between sci-
entists and policy makers, this is dependent on scientists” willingness to
overcome the fear of appearing to advocate and losing objectivity in the
scientific community. Furthermore, engagement and collaboration between
the two groups depends on their current and evolving frames of reference
(i.e., their ideas, beliefs, and discourses). Priority-setting fora that include
scientists and nonscientists are seriously needed (Neff 2011). This science
push concept recognizes that good public policy should be evidence-based
or evidence-informed.

Boundary organizations (as described in Chapter 2) bridge the science and
policy realms and are becoming more noticeable. Such organizations create
aneutral setting where producers and users of scientific information interact
while maintaining accountability to science or to policy (Guston 2001). The
recent literature describes boundary chains which join complementary bound-
ary organizations and facilitate cooperation and cost sharing (Kirchhoff
et al. 2015). Enhanced understanding of the role and characteristics of such
organizations is needed.

19.3.6 Creating Policy Solutions and Considering Trade-Offs

Wesselink et al. (2013, p. 2) argued that, “policy solutions are created by the
interweaving of expertise and politics.” That expertise includes both tech-
nical knowledge and experience-based understanding of different agencies
and actors involved in and affected by policy decisions. As Nursey-Bray et al.
(2014) point out, the “influence of power” affects integration of knowledge
into policy. This observation is clearly relevant to ICOM, given the multiple
and overlapping political and economic jurisdictions found in coastal and
ocean areas. Understanding the stages of the policy cycle can help to inform
which information trade-offs are most appropriate, for example, communi-
cation about uncertainties can be important in early decision-making stages,
but less relevant near the end of the policy cycle (Sarkki et al. 2014).

19.3.7 Understanding the Consequences of Inaction on Issues

Given increasing growth of coastal populations and the myriad issues
confronting the ICOM practitioner, the task of achieving effective and
long-lasting management approaches and solutions to the many problems
confronting coastal zones may seem insurmountable. Inaction is not an
option, however. Understanding the need for and then practicing effective
marine information management makes the task of dealing with the issues
more tractable and represents a real contribution to ICOM.
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Reprioritizing activities in response to austerity is critical. As government
budgets tighten, information is often undervalued. Governmental organiza-
tions may reduce producing publications or, once they are produced, often
do not optimize their use. The general sense that information is widely ubig-
uitous can easily result in actions that undervalue its importance.

19.4 Conclusion

This book demonstrates that the perspectives of information management
are important, and actually essential, in the multidisciplinary approaches
of ICOM. These perspectives affect all of the various ICOM practitioners,
including on-the-ground managers of programs in coastal and ocean man-
agement. Thirty-five authors, in their individual capacities and disciplinary
outlooks, have brought their experience to bear on this subject. The current
state and continuing deterioration of the health of the oceans call for a genu-
ine change in how different players, from scientists to policy makers, work
so as to break down disciplinary silos inhibiting the interaction of science,
policy, and information management. Each of these fields has a responsi-
bility to work together to address the serious coastal and ocean problems
now requiring urgent action. Collaborative ocean management programs
are already operational in many jurisdictions (Cicin-Sain and Knecht 1998;
Massachusetts Ocean Partnership 2009) and more should be encouraged and
supported.

Greater appreciation for the important role of information at the science—
policy interface is needed. This appreciation will draw on more active
participation by information managers in coastal and ocean management
programs. Modern day information managers can work side by side with
other ICOM practitioners in seeking solutions to the problems noted above.
Mandates from government often drive the science—these mandates are
policy specific, based on particular legislative initiatives and funding pulses.
To date, the majority of ICOM programs have been driven by scientists
and managers with limited involvement from information management.
It is time to change this imbalance, as is evident from the contributions of
the authors of this book. The outcome would establish a workable balance
between the science and information push and the policy pull. To this end,
the ocean-related information being produced can help improve the health
of the oceans, achieving the purpose for which it was generated.

The ideas and lessons learned from the contributions assembled in this
book give momentum to the study of the role of information in policy-
making and decision-making. Our work is compatible with the directions
given by the United Nations to countries (e.g,, UNESCO 2006), and this vol-
ume represents the first step toward ongoing work in an underexamined
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field. Our message is simple: despite the continued push to expand our
knowledge bases, we also need to understand how to use the existing infor-
mation that we have to inform policy-making and decision-making aimed at
seeking solutions to serious coastal and ocean problems. Given the current
and future threats facing the oceans, including the widespread loss of bio-
diversity, impacts of climate change, and ensuring human livelihoods and
access to safe seafood, among others, we cannot act soon enough to remedy
the challenges at the science—policy interface(s). While this volume contrib-
utes to our understanding of this complex interaction, there is still much
more to be done.
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“This volume will be of great use to the growing numbers of ocean practitioners
from all sectors, dedicated to improving the health and sustainability of our
oceans, for generations to come.”

—Michael H. Depledge, University of Exeter Medical School, from the Foreword

“...a must-read for both practitioners and scholars of science-policy interaction
in ocean politics, and will also be a useful reference point beyond this domain for
the entire field of global environmental governance.”

—Frank Biermann, Utrecht University and Earth System Governance Project

“It adds substantially to the growing body of research literature on the science-
policy interface and | recommend this important volume to the new generation
of ‘information brokers’ who occupy the space between science and policy and
build bridges of communication and understanding.”

—Lawrence Hildebrand, World Maritime University

“This book is unique in that it examines the diversity of actors and factors bridg-
ing the science—policy interface, such as the inclusion of both gray and primary
literature, different forms of knowledge, information brokers, boundary organiza-
tions, different levels of decision makers, governance structures, and politics.”
—Nick Harvey, University of Adelaide

“Global coastal systems are among the dynamic and complex environments ==
humans engage. This volume takes on a rare and broad-ranging view of how N‘ e
' science and information can be used to more effectively and sustainably man- :
age these essential places. It is a welcome contribution to the literature during a
' period of great social vulnerability to global environmental change.”
—Robert E. Bowen, University of Massachusetts

“As a scientist who has often worked on the interface of knowledge and policy

| found | recognized many of the themes picked up in this book. It is a tremen-
dously valuable contribution to advancing sustainable management and conser-
vation of the ocean and will be of use to marine scientists, students who have

, an interest in applying their work and knowledge to real problems and to the

-~ 7 governance and NGO community.”

—Alex David Rogers, University of Oxford
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