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Preface

By Henk J. Scholten and Jack Dangermond
The first GIS Summer Institute was held in Amsterdam in August 1989 at the 

School of Architecture, Town Planning, and Landscape. The Institute’s work fore-
saw the evolution into a digitized world and the adoption of computerized spatial 
analysis. 22 years later, two of the original participants from that event, Henk Schol-
ten and Jack Dangermond, met again. At that meeting, Jack told Henk about his past 
professor, Carl Steinitz, who was writing a book about geodesign.

It was an inspiring new concept; a new perspective on an old and familiar pro-
blem. In the geodesign framework long-term models are coupled with short-term 
(impact) models. In its vision, spatial planners should use the outcomes of the long-
term models to assess whether the developments occurring in a region necessitate 
intervention. If true, several solutions to the encountered issues are almost always 
available. The most promising solutions are worked out in scenarios and the effects 
are calculated using the impact models. This provides the possibility to test whether 
the planners’ intended goals are attained and what negative effects might occur. If 
the outcomes are unsatisfactory, go back a step and try again.

In a way, this process is what we are doing today with geodesign. It is a frame-
work for how we can design together to solve complex problems. We step back, 
using traditional techniques of spatial analysis and modeling, in order to step forth 
towards innovative technologies and collaboration frameworks.

Our world faces serious challenges, and it’s clear that we need to work together 
to collectively create a better future. We need to leverage our very best brains, our 
best creative talent, our best design talent, and our best science, and use all of these 
combined to create a better future. To meet the geographic challenges we face, we 
need to grow geodesign from a concept understood by a few to a framework used 
by all. We need to inform the world about the value of geodesign, while at the same 
time making it easy to implement and use throughout organizations and across so-
ciety.

Inspired by the successes of Geodesign Summits by Esri in Redlands, California, 
we organized the first Geodesign Summit in Europe in September of 2013. Desig-
ners, planners and geospatial scientists from around the world gathered to share 
ideas on how to design with spatial information in Europe. This book is testament 
to the momentum that geodesign is gaining both academically and professionally.
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We’re confident that through the continued good work of many, geodesign will 
in due course be widely adopted and recognized as one of the most important ideas 
to come out of this century.
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Chapter 1
Introduction to Geodesign Developments  
in Europe

Danbi J. Lee, Eduardo Dias and Henk J. Scholten

D. J. Lee () · E. Dias · H. J. Scholten
Faculty of Economics and Business Administration, Department of Spatial Economics,  
SPINlab, VU University Amsterdam, Amsterdam, The Netherlands
e-mail: danbi.lee@vu.nl

E. Dias
e-mail: ess580@vu.nl

H. J. Scholten
e-mail: h.j.scholten@vu.nl

1.1 � When Geodesign Crosses over the Atlantic

In 1985 the Dutch National Planning Department was charged with the formidable 
task of drawing up a new masterplan describing the National Spatial Policy. This 
resulted in the creation of the Fourth Note on Spatial Planning (Vierde Nota over 
de Ruimtelijke Ordening). Naturally, the best known and most experienced spatial 
planners and landscape architects were involved in drafting the document. For the 
first time in its history a working group was tasked with the preparation of a spatial 
information system (Scheurwater 1984) which lead to the acquisition and imple-
mentation of the first GIS application in Europe, namely Esri’s ArcGIS 3.0. Up until 
that moment the term ‘Geographical Information System’ was little known in the 
Dutch language.

Although the Vierde Nota has become a zenith of Dutch spatial planning, and 
the first use of geographical information for a large scale spatial issue is considered 
a breakthrough, it presented a number of challenges (Scholten and Meijer 1988). It 
became apparent, for instance, that the viewpoints and culture represented in scien-
tific models did not match those of planners and designers. It was also an interesting 
challenge to establish a comprehensive collection of digital geographical data of 
The Netherlands and its neighbouring countries.

Based on the experiences gained in drafting the Vierde Nota, the decision was 
made to host the first GIS Summer Institute in Amsterdam in August 1989. It was 
held in the ‘Academie van Bouwkunst’, the seventeenth century home of Am-
sterdam’s School of Architecture, Town Planning and Landscape (Scholten and 

© Springer International Publishing Switzerland 2014
D. J. Lee et al. (eds.), Geodesign by Integrating Design and Geospatial Sciences, 
GeoJournal Library 1, DOI 10.1007/978-3-319-08299-8_1 
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Stillwell 1990). In his concluding remarks at the conference, Peter Nijkamp stated 
that he thought the term GIS would no longer be in use 20 years hence. He predicted 
that it would be replaced by so-called CIAs (Computerized Information Analysis) 
for urban and regional management. In his speech, Nijkamp touched on an issue 
that we still encounter today—the need for careful evaluation of alternative courses 
of action due to the high costs of misinformation (Nijkamp et al. 1990). In fact, 
several contributions from the 1990 proceedings put forward the notion that the dif-
ferences between planners and analytical scientists and models are reflected by the 
distinctive systems they use, i.e. CAD versus GIS. Bridging the gap between these 
systems is seen as the main ambition of geodesign (see for example Wood 1990).

In 2013, the momentum for geodesign in Europe was earmarked by the first 
Geodesign Summit Europe, hosted by Esri, Geodan and the Vrije Universiteit Am-
sterdam at the GeoFort in the Netherlands. Researchers and planners from 28 dif-
ferent countries gathered over a few intensive days to discuss the way spatial issues 
should be approached in light of an extraordinarily digitized and technology-based 
world. The main difference with a quarter century ago was the growing request to 
connect scientific models of processes with proposed design solutions in order to 
understand design impact in a collaborative way between policy makers, scientists, 
designers, and citizens.

1.2 � Geodesign as Concept, Method, and Product

Formal definitions of geodesign appear from around 2010 (e.g. Dangermond 2010; 
Flaxman 2010; Zwick 2010; Ervin 2011; Steinitz 2012). Brewed from these de-
velopments, we define geodesign to be an iterative design and planning method 
whereby an emerging solution is influenced by (scientific) geospatial knowledge 
derived from geospatial technologies. Whereas traditional planning and design pro-
cesses separate context analysis, design, and evaluation into explicit steps, geode-
sign integrates the exploration of ideas with direct evaluation in the same moment, 
generating an advanced design solution. In other words, the design impact can be 
examined through geospatial technology (simulations, modeling, visualization, and 
communication of design impacts) and be immediately fed back into the evolution 
of a design. This yields a fitter, more robust and context-sensitive design solution. 
Geodesign enables systems-thinking, which makes it an attractive approach for to-
day’s complex, dynamic, and multi-disciplinary design challenges.

Some argue that geodesign is merely an alluring alias for design methods that 
have been practiced for many decades already. This is, to a degree, quite true if 
we dissect the components of our own definition and look at the series of events 
leading to this point. The academic discourse on spatial and context analysis us-
ing overlays began with the first hand drawn overlays documented by landscape 
designer Warren Henry Manning in the 1913 Billerica Town plan (see Steinitz et al. 
(1976) for an historical overview of hand drawn overlays) (Manning 1913). In the 
1960s, marked by British–Canadian geographer Roger Tomlinson’s development 
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of the first geographic information system, the promise of digitized maps sparked a 
fantastic dream of computerized planning support. All the while, in 1965 American 
city planner Britton Harris proposed integrating ‘‘sketch planning’’ (as the drawing 
of alternatives) with state of the art analytical modeling to directly visualize the 
design implications (Harris 1965).

Scottish landscape architect McHarg’s (1971) seminal book Design with Nature 
elaborated the idea of an empirical layering of spatial information, and the early 
integration of scientific and regulatory information in the design phase to filter-
out unwanted options. The Harvard Computer Graphics Lab was pioneer in this 
movement when Fisher (1966) demonstrated SYMAP could perform automated 
overlays. Steinitz then applied and developed SYMAP into planning applications 
(Sinton and Steinitz 1969). From there, other mapping and analysis tools emerged 
as the GIS field matured through the 1970s and 1980s. It strayed, however, from the 
design realm as designers faced barriers in adopting analytical tools with unfriendly 
user interfaces, difficulty in collecting spatial data and low computational power. 
Today, the advent of intuitive user interfaces, increased processing capabilities and 
wider availability of base datasets allow for the emergence of geodesign as it’s own 
field (Batty 2013; Dias et al. 2013).

The term ‘geodesign’ as an alias to these past efforts offers two strategic advan-
tages. Firstly, as a moniker for a group of mutually dependent fields of research, it 
sets a new research agenda aiming to explore symbiotic outcomes between them 
(data visualization and participatory planning, for example). Geodesign is thus in its 
infancy relative to traditional sciences. It’s youth incites innovation through debate 
and dialog on what geodesign really means, which we hope is apparent in this book. 
More importantly, the journey through which we question and struggle with some-
thing apparently ‘new’ allows anyone to participate in the conversation. City plan-
ners, designers, architects, hydrologists, traffic engineers, first responders, public 
health officials, sociologists, biologists, computer scientists, politicians and citizens 
all have a stake in the future of geodesign for improving the way we plan, manage, 
develop, protect, and pay for our quality of life.

Secondly, we observe that as a consequence of academic exploration into geode-
sign, multiple disciplines take ownership of advancing geodesign theory. We hope 
to see an alignment in the way we work and think through design solutions collab-
oratively. This is ‘geodesign thinking’, akin to design thinking as explored by many 
cognitive scientists since the 1960s, except it has a specific geo-spatial requirement 
to the design problem at hand. By adding the ‘geo’ to ‘design’, barriers into the de-
sign world previously encountered by other disciplines are eroded. Design thinking 
as a problem-solving process becomes accessible, and the lines of communication 
between technocratic analysts, qualitative scientists, skillful designers, and local 
citizens become incredibly short.

For our European debut of geodesign (as relatively new concept), Professor Carl 
Steinitz’s chapter on the Redlands Experiment (Chap. 2) offers a comprehensive 
syllabus of his seminal work on the geodesign framework, with which many of our 
authors have aligned their own research. Steinitz’s framework forms the central dis-
course for exploring all the far corners of the geodesign world. He rightfully points 
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out that all stakeholders should participate in answering the question “What if?”, 
which is the driver of every geodesign project. He demonstrates, that as an iterative 
and multi-disciplinary problem-solving method, it is fruitful for the process to result 
in many designs rather than ‘The Design’ and that by simply combining existing ur-
ban design and analysis skills with inventive spatial technologies and local citizens, 
we can generate a potent mix of problem-solving ability. It is the combination of 
ingenuity and skill with spatial technology that excites us and gives us a safe space 
to experiment and play with geodesign. This book offers a strategic glimpse into 
European geodesign innovations that embody this excitement and is supplemented 
by interesting case studies from the around the world.

1.3 � Benchmarking Geodesign Innovations in Research 
and Practice

Stemming from a theoretical foundation set by Carl Steinitz, the next chapters 
showcase a plethora of practical applications (or aspirations) where geodesign 
thinking is beginning to emerge. In Part 2, the reader will explore ideas on how we 
measure and evaluate our efforts to build resilient and sustainable cities and regions. 
Coming from an urban designer’s perspective, Yang (Chap. 3) gives an eye-opening 
introduction to how we might visualize and evaluate the energy performance of 
cities, embedding Planning Support System (PSS) theory as a sister of geodesign. 
By framing urban energy problems as design problems he purports that energy so-
lutions can be explored by altering urban block forms and observing changes in 
energy fluxes. In doing so, the designer introduces the much needed ‘science’ into 
their traditional design process. Fruijtier et al. (Chap. 4) discusses energy on a re-
gional level in the Netherlands from a data management perspective, giving a clear 
overview of the system architecture and digital tools to be utilized in evaluating the 
feasibility of different regional energy scenarios, towards consensus-driven energy 
planning.

Regional sustainability can also be measured by evaluating the impact of differ-
ent urban growth scenarios. In Kazak et al. (Chap. 5), the CommunityViz extension 
of Esri’s ArcGIS is assessed as a tool for evaluating the impact of spatial policies 
in Wroclaw, Poland (with and without densification), and found that even without 
a complex integration of sustainability indicators, policy-makers were better in-
formed. Koomen and Rijken (Chap. 6) draw the same conclusion when undertaking 
a similar exercise using an interactive touch table with local stakeholders, using 
Friesland, the Netherlands as a case-study.

Regional resilience can be built by improving adaptability to natural disasters 
such as overland floods. Janssen et al. (Chap. 7), van Asselen et al. (Chap. 8) and 
Zandvoort and van der Vlist (Chap. 9) argue that the geodesign framework aligns 
neatly with a multi-layer safety approach to flood risk assessment and adaptation 
planning in the Netherlands. Vulnerability assessed by executing 3D flood models 
with different planning scenarios enables governing bodies to quickly assess new 

D. J. Lee et al.
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threats and react preemptively. This ability to evaluate and asses across aspects 
of economics, social and environmental impacts to guide decision-making is the 
same research agenda adopted by Freitas et al. (Chap. 10) who focus on sustainable 
agro-forestry (mixed-species) management practices in Borneo, Indonesia. They 
developed spatial 3D visualizations of the operational trade-offs of different agro-
forestry practices, which they suggest will facilitate collaborative decision-making.

In Part 3 of the book, readers will enter the realm of placemaking, where culture, 
history, and the socio-economic matters of design problems collide. Kolen et  al. 
(Chap. 11) and Burgers et al. (Chap. 12) introduce geodesign from a historian and 
archaeologist’s perspective. They note that landscape history and archaeological 
heritage have more to contribute to planning and design processes than conven-
tional practices allow. A geodesign framework facilitates the consistent connection 
of these aspects by first developing Spatial Data Infrastructures (SDIs) that add the 
much needed quantification and digital documentation of heritage that planners and 
designers are thirsty for. Heritage digitization becomes the intellectual arena where 
planners, urban designers, and historians exchange ideas.

Visibility of culturally sacred places (past and present) is of recent interest in 
geodesign research. It is one of the more obvious and practical measures in evalu-
ating places. Visible landmarks and landscapes that are well composed influence 
the sense of history (and thus sense of belonging), wayfinding ability and even 
place satisfaction. Nijhuis (Chap. 13) gives a sharply curated tour of how GIS can 
be used to explore aspects of visibility in landscape compositions, and comes as a 
welcome introduction for information technologists and developers to a landscape 
designer’s needs. Visibility is analyzed from the interior in Fisher-Gewirtzman’s 
(Chap. 14) research on visibility impacts on place satisfaction. Here she correlates 
volume of visible outdoor space (voxel calculations) to a survey of several students 
from their apartments and notes the influence of individual cultural on place ‘level 
of satisfaction’.

On the other hand, van Nes’s (Chap. 15) chapter on the Space Syntax method 
outlines a very objective and quantifiable tool to analyze street interconnected-
ness in order to predict economic and cultural hubs in European cities, but notes 
that the cultural element of where economic centers are placed are not singularly 
tied to street arrangements. It can be the effort of local associations or concerned 
stakeholders that generates activity. It is within this public power that Rumor et al. 
(Chap. 16) and Sanchis et al. (Chap. 17) place their faith to test urban designs. By 
using 3D geospatial data and (web) visualization tools, they purport that valuable 
crowd-sourced public opinion can be collected to evaluate and even redesign public 
spaces.

In Part 4, authors focus on how to adopt geodesign thinking as a common lan-
guage for exploring design solutions. Currier and Couclelis (Chap. 19) eloquently 
relate Steinitz’s definition of ‘people of the place’ to the soft aspects of the design 
problem (what do stakeholders value, establishing sense of place), and argue that 
before determining a hard outcome (the design interventions), a soft outcome must 
first be achieved. They propose a methodology called ‘perspectives mapping’, a 
process that gives a spatial dimension to ‘soft’ design criterion that lead to ‘hard’ 
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design decisions. This builds ownership and understanding of design decisions since 
stakeholders are empowered with spatial information. The citizens become a source 
of intelligence, which is a novel notion supported by Nedkov et al. (Chap. 20). By 
streaming spatial information (relief, air pollution and heat distribution etc.) to citi-
zens during a design exercise, they found that situational awareness was improved 
and discussions concretized. However they note the lingering organizational chal-
lenge of building consensus in large groups, and the scant inclusion of financial 
information tied to spatial decisions. This is an ongoing challenge for design solu-
tions generally.

McElvaney and Foster (Chap. 21) continue this argument by underscoring the 
relevance of understanding organizational change principles in the process of dis-
mantling barriers to collaboration among stakeholder groups (and even trained pro-
fessionals) towards adopting geodesign thinking. This helps the reader in under-
standing some of the barriers to geospatial technology adoption by urban designers 
and planners in practice as also discussed by Pelzer et al. (Chap. 22). Both papers 
distill the challenge down to change resistance due to perceived professional barri-
ers. One of the newer uses of spatial information science is in the field of auditing. 
Jongsma (Chap. 23) describes the new mandate for the Dutch Court of Auditors 
to use geo-spatial technology and spatial thinking to improve the way policy is 
formed, by tracking the impact of government investments.

However, the real challenge, and the backbone, to adopting geodesign think-
ing is in training and education, as Wilson (Chap. 24) explains, and it is expected 
that this book will mark a clear starting point for discussion and dissemination of 
geodesign in Europe in practice as well as the classroom—as a framing concept for 
collaboration, creative problem solving, and connecting people together through 
geospatial science and technology. The way in which we collaborate is the most im-
portant element that differentiates geodesign from concepts like DSS, PSS, impact 
assessments and change models, and should be obvious after studying this book. 
Starting with a concise overview of the history behind geodesign in Europe, to an 
overview of Steinitz’s geodesign framework, we have hand-picked case-studies and 
technological advancements that represent the most relevant geodesign applications 
and developments from various disciplines. The book is meant to inspire research, 
conversation, and analysis into geodesign theory so that we may continue to define 
it together and in doing so, adopt geodesign thinking. 
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Chapter 2
Which Way of Designing?

Carl Steinitz

C. Steinitz ()
Harvard Graduate School of Design, 
Harvard University, Cambridge, MA, USA
e-mail: csteinitz@gsd.harvard.edu

2.1 � Introduction

Everyone designs who devises courses of action aimed at changing existing situations into 
preferred ones. (Herbert Simon, The Sciences of the Artificial, 1969)

I have organized many collaborative, multidisciplinary studies of major landscape 
change over more than 40 years at Harvard and in collaboration with other universi-
ties. The framework within which I organize most of my work and teaching strate-
gies has been published in my recent book A Framework for Geodesign (Steinitz 
2012). In this paper I will focus on one of the most significant decisions which the 
geodesign team must make when organizing the methods for its study: Which of the 
change models—which of the many ways of designing—shall we use? The change 
model which is selected may be the most important part of any professional or aca-
demic project because if the methods are unsatisfactory, then the products are also 
likely to be unsatisfactory.

2.2 � The Framework for Geodesign

The framework for geodesign consists of six questions that are asked (explicitly 
or implicitly) at least three times during the course of any geodesign study. They 
all have sub-questions that are modified as needed by the geodesign team. The 
answers to those questions are models, and their content and levels of abstraction 
are particular to the individual case study. Some modeling approaches can be gen-
eral, but data and model parameters are local to the people, place, and time of the 
study.

11© Springer International Publishing Switzerland 2014
D. J. Lee et al. (eds.), Geodesign by Integrating Design and Geospatial Sciences, 
GeoJournal Library 1, DOI 10.1007/978-3-319-08299-8_2 
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These six key questions are the following:

1.	 How should the study area be described in content, space, and time? This ques-
tion is answered by representation models, the data upon which the study relies.

2.	 How does the study area operate? What are the functional and structural relation-
ships among its elements? This question is answered by process models, which 
provide knowledge about the study context.

3.	 Is the current study area working well? This question is answered by evalu-
ation models, which are dependent upon the values of the decision-making 
stakeholders.

4.	 How might the study area be altered? By what policies and actions, where and 
when? This question is answered by change models, which will be developed 
and compared in the geodesign study. These generate data that will be used to 
represent future conditions.

5.	 What difference might the changes cause? This question is answered by impact 
models, which are knowledge produced by the process models under changed 
conditions.

6.	 How should the study area be changed? This question is answered by decision 
models, which, like the evaluation models, are dependent upon the values of the 
responsible decision makers.

Questions 1–3 refer mainly to the past and the existing conditions of the study’s par-
ticular geographic context. They focus on assessment. Questions 4–6 of the frame-
work concern the future rather than the past and present. They focus on intervention.

Over the course of a geodesign study, each of these six primary questions and 
their subsidiary questions are asked at least three times (Fig. 2.1). In the first itera-
tion the questions are asked beginning with question 1 as we define the context and 
scope of the work. In this first iteration we treat these as WHY questions for the 
project. The aim of the second iteration is to choose and clearly define the methods 
of the study, the HOW questions. In this stage, the framework is used in reverse 
order, working from question 6 to question 1. This reversal of the regular sequence 
of conducting a study is crucial to designing a set of potentially useful methods. 
In this way, geodesign becomes decision-driven rather than data-driven. The third 
iteration carries out the methodology designed by the geodesign team in the second 
iteration. During this round we ask the WHAT, WHERE, and WHEN questions as 
we implement the study and provide results. In this third stage, the framework is 
again from questions 1–6, through models of representation, process, evaluation, 
change, impact, and decision. Once a geodesign team has worked its way through 
the three iterations of the framework questions, there can be three possible decisions 
as an outcome: “No,” “Maybe,” or “Yes”.

Reaching a “No” implies that the study result does not satisfy the geodesign 
team and is not likely to meet the requirements of the decision makers. Then any 
or all of the six steps are subject to feedback and alteration. This makes geodesign 
particularly nonlinear in its application. If the team’s decision is a “Maybe” or per-
haps a contingent “Yes” decision, it may also trigger a change in the scale, size, or 
time frame of the study. Shifting the scale of the project may lead to either larger or 
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Fig. 2.1   The framework for geodesign
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smaller geodesign activities, and the structure and content of several model types 
may require modifications. Nevertheless, the study will again proceed through the 
six questions of the framework and continue until the geodesign team achieves a 
positive (“Yes”) decision.

If a “Yes” decision is reached by the geodesign team, the resulting study or pro-
posed project is poised for presentation to the stakeholders for their review towards 
implementation. The decision makers (and there may be many layers of decision 
making) also have the choices of “No,” “Maybe,” or “Yes”. A “No” may trigger the 
end of the study. A “Maybe” will likely be treated like feedback and require changes 
in the geodesign methods or their results. A “Yes” decision implies implementation 
and updating for future representation models.

Implementation of agreed-upon designs is not necessarily automatic or immedi-
ate, especially for larger and longer-term projects. In whatever ways the geography 
changes, there will be forward-in-time changes to new representation models. Fu-
ture generations are likely to seek changes in their geography and see the imple-
mented consequences of the geodesign team’s study as part of their data, and so the 
cycle continues for generations of people of that place. All geography, designed or 
otherwise, is always in a state of change.

At first glance, the framework may appear to be excessively linear. Yet while 
the framework’s questions and models are purposely presented in an orderly and 
sequential manner, the framework is normally not linear in its application, and the 
route through any study is not straight forward. There will always be unanticipated 
issues, false starts, dead ends, and serendipitous discoveries along the way.

When repeated and linked over scale and time, the questions of the framework 
may be the organizing basis of a very complex and ongoing study. The result may 
be a 2-, 3-, or 4-dimensional study, and at a range of scales. Regardless of complex-
ity, the same questions are repeated in any applications of geodesign. However, the 
answers, models, methods, and results, and the ways by which they were developed 
and applied will vary according to the case under study.

It is important to emphasize that geodesign (indeed, any design) is not just pro-
posing changes, as question 4 alone might suggest. Whether explicitly or implicitly, 
all six questions must be satisfied throughout all three iterations of the framework 
for a geodesign study to be complete.

2.3 � Change Models: Ways of Designing

Many devices which succeed on a small scale do not work on a large scale. (Galileo Galilei, 
Discorsi e dimostrazioni matematiche, intorno à due nuove scienze, 1638.)

The basic problem of geodesign can be stated as, “How do we get from the present 
state of this geographical study area to the best possible future?” In the framework 
we answer the question: “How might the landscape be altered?” with change mod-
els, the ways of designing and achieving the products of the geodesign study. The 
relative influences of the methodological choices made in the second iteration of the 
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framework will not be equal, and change models are a particularly important ele-
ment within the geodesign framework. There are multiple strategies for approach-
ing change models. In the book I describe eight different ways of designing for 
change and a ninth mixed example.

All change models combine decisions related to allocation, organization, and 
expression, and all require visualization and communication (Fig. 2.2). Allocation 
refers to where changes are located, such as the placement of new housing in the 
landscape, the conversion of forest to agriculture, or the protection of a rare ani-
mal’s habitat, and so on. Organization refers to the interrelationships among the 
elements of the design, such as how the school, the shopping area, the park, the bus 
system, and both low- and high-density housing all fit together in the design of the 
new community. Expression refers to the way in which the design is perceived. For 
example, is it seen as a residential community, or as a friendly place, a beautiful or 
an expensive one, etc.

These three characteristics of allocation, organization, and expression are rarely 
applied with equal emphasis in change models. As a general rule, the larger the 
size of the design study, the more emphasis is placed on allocation. By contrast, the 
smaller the project, the more emphasis can be placed on expression. This change of 
emphasis is characteristic of the differences between landscape planning and garden 
design, or regional planning and architectural design, or demography and being a 
parent.

I think that the extremes of size and scale are relatively well served. Design 
professionals such as architects, landscape architects, urban planners and civ-
il engineers are generally capable at serving client needs at the scales which are 
symbolized in Fig. 2.2 by the house and the urban design. They increasingly work 

Fig. 2.2   Influences of size and scale
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with the people of the place, and on rare occasion with geographic scientists. Simi-
larly geographically oriented scientists are generally capable of understanding the 
needs of the environment at the scales symbolized from the globe to the large re-
gion. They increasingly work with information technologies, and on rare occasion 
with design professionals. I believe that collaboration in geodesign can be most sig-
nificant and effective where the extremes overlap, between the large project and the 
large region. This requires the participation of all four groups: design professionals, 
geographic scientists, people of the place and information technologies. This range 
of geodesign “problems” is where the decisions that can really shape the world’s 
environments (plural) for the better are and should be made.

Regardless of size or scale, every geodesign study has four groups of influences 
which should be considered: the history of the place and its past designs and pro-
posals, the “facts” of the area which are not likely to be changed during the period 
of study, the “constants” which should be incorporated into any proposed alterna-
tive, and the requirements of the project. Yet, while all change models are different 
they share the same overarching template (Fig. 2.3). The parallelograms can best be 
understood as map layers of spatial representations needed for the geodesign study, 
such as drawn diagrams or data layers within a GIS. The arrows are the links in the 
cumulative process of making the design.

The first influence is history. Knowing the history of the geographical context 
within which the geodesign study will occur is essential, particularly the history of 
any previous designs for that area. In my long experience, I have never worked in 
a region that didn’t already have past designs, and the people who made them were 
not fools.

Next are facts. Facts are aspects of the geography that are assumed not to change 
over the life of the design. These can be aspects or results of the study’s representa-
tion, process or evaluation models. We might be working toward a point in time 20 or 
30 years in the future, and such things as subsurface geology or a major river pattern 
or the evaluation of an historic palace are not likely to change within that time frame.

Then there are constants, the things that are certain to occur in the time-frame of 
the geodesign study. You must find out about them, because if you don’t, none of 
your alternatives will be implemented. An example of a constant could be a high-

Fig. 2.3   The template for change models
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way or sewage treatment system in the study area which has already been proposed, 
approved, designed, funded, and though not yet constructed, is contracted to begin 
within the next year or two.

Lastly, there are the requirements and their options, the things that should and 
could happen. Capturing the major, strategic, and generating requirements and their 
alternative choices is key here. The most important assumptions must be part of the 
beginning of the sequence of change-decisions, since if you make the first steps 
wrongly, you will certainly end up wrong. Then again, if you make the right first 
steps you still may end up wrong, but you have a better chance of success. Spatial 
analysis frequently plays its most critical role in the assessment of these initial and 
strategic alternative choices. You have to be able to say: “either here, here, or here,” 
or “in one or more of these several ways.”

Each of the eight change models and one mixed example shown in Fig. 2.4 repre-
sents a different strategy for approaching and organizing the design and/or simula-
tion of change. (Each is described in Part III of my 2012 book with a case study of 
major landscape change as applied within the framework for geodesign.) The names 
of each of these change model strategies reflect their primary approach or character-
istic: anticipatory, participatory, sequential, constraining, combinatorial, rule-based, 
optimized, and agent-based. All eight support the use of scenarios, recognizing that 
there are an infinite number of future options. At the same time, all of them eventu-
ally reduce the possible number of alternatives from the infinite to a manageable 
number. In the end, the change models must include the most important issues and 
produce an appropriate range of policy and design choices. Although nearly all de-
signs are the result of combinations of these eight ways, during a given geodesign 
project one of these eight is likely to dominate. The way that the change model is 
organized and started is crucial and should be preplanned in the second iteration of 
the framework for geodesign.

The change models can be considered in three different groups. The anticipa-
tory, participatory and sequential change models assume that the designer or the 
geodesign team is confident in the ability to directly develop the design for the 
future state of the study area. The constraining and combinatorial ways assume 
that the geodesign team is not certain of the crucial initial decisions and must first 
assess the major requirement-variables before developing the rest of the design. 
The rule-based, optimized, and agent-based approaches assume that the geodesign 
team is assumed to understand the rules that guide the processes of change, but also 
is obligated to test the variability of the main requirements in order to develop the 
most beneficial design solution.

Well before writing the book I had often argued that there is no such singular 
thing as “THE Design Method” or “THE Planning Method” (and I consider a plan 
to be a design). Rather, there are many methods and they must be chosen in the 
second iteration of the framework and adapted to issues and questions raised by 
the problem at hand. This raised the important but difficult question: Which way 
of designing should be chosen? My hypothesis was that the larger and more com-
plex geodesign studies would be best served by the more complex change models 
(Fig. 2.5).
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2.4 � The Redlands Experiment

At the first Geodesign Summit in Redlands California in 2010, I proposed an initial 
experiment to test and compare the efficacy of the nine change models described in 
my book. This idea was taken up by Jack Dangermond and several other persons, 
some of whom I had previously worked with. With significant support from Jack 
and ESRI, an agreement was made with the City of Redlands and the University 
of Redlands to conduct an experimental workshop that would be of help to the city 
regarding two prominent issues facing it. The first was the preparation of a land-
scape plan for the city (which Redlands referred to as an open space plan). This was 
seen as 2-dimensional design. The other was the 3-dimensional design for a transit-
oriented development near ESRI’s corporate campus (Fig. 2.6).

In this agreement, the Redlands University and its Redlands Institute would host 
the workshop and have several faculty and some students as participants, the City 
of Redlands would organize the data and its representation, process and evaluation 
models, and establish all the requirements for the two geodesign studies. Its planning 
staff and several residents who are active in city affairs would be participants. ESRI 
would contribute several information-technology staff, and allow the workshop to test 
several geodesign management tools which were in early development. I would help 
recruit persons who were familiar with the framework and who would organize the 
work of the geodesign teams, and I would manage the workshop (with a lot of help).

The core team and several persons from Redlands met in October 2010 to plan the 
workshop and its information flows. There were three significant constraints: the work-

Fig. 2.5   An hypothesis regarding the link between geodesign size and scale, and the efficacy of 
change models
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shop had to be conducted within five consecutive days, it had to be based on existing 
and pre-available public data, and we needed to have as much of a controlled experi-
ment as possible. We recognized and discussed many other potential limitations: short 
preparation time, active-time for the workshop and for software pretesting, the work-
shop’s time schedule, the varied skills among participants, the possibility of wrong or 
too narrowly or broadly defined models (and especially for qualitative aspects), and that 
the two geodesign problems were not really “real”, for either Redlands’ Open Space or 
the anticipated Transit Oriented Development (TOD).

The workshop was held from January 10 through 14, 2011. There were about 
50 people as full time participants and several observers. The schedule for the five-
day workshop was basically as follows: Monday was for orientation lectures which 
were prepared by the city of Redlands, and a site visit throughout the city and to 
the area of the proposed transit oriented development. It also included an overview 
lecture on the framework and the several change models, and the organization of the 
participants into the nine multidisciplinary geodesign teams. Each team would have 
at least one person with geodesign experience, one with information-technology 
skills, one resident of Redlands, and one with relevant knowledge from the arts and/
or sciences. Tuesday, Wednesday and Thursday were to be devoted to preparing the 
two designs. Each team was encouraged to make its initial open space design first. 
Tasks would be organized as each team decided so long as it was as possible within 
the change model to which it was assigned. Friday morning was for preparing a 
public presentation of the team’s way(s) of designing, and the products of its geode-
sign activities. On Friday afternoon a public presentation was made in the largest 
auditorium at ESRI to a capacity audience.

The flow of information (Fig. 2.7) was designed so that each geodesign team 
would have maximum flexibility in using the representation, process and evaluation 
models which had been prepared by the City of Redlands. In addition, each team 
would have access to three assessment dashboards. The first provided immediate 
feedback on whether any new element of the design was moving toward or away 
from the program requirements established by the city. The second provided imme-
diate feedback on whether any new element of a design was improving or diminish-
ing vis-à-vis the criteria of the city’s decision model for each of the two designs. A 
third information management dashboard allowed all participants to compare the 
performance across the nine teams for each of the two geodesign problems.

The City of Redlands planning office and several resident—participants had or-
ganized the program for each of the two designs, and all aspects of the models 
needed for the assessment phase (Fig. 2.8). These were to be assumed as correct and 
sufficient by all the workshop’s participants

On the first day of the workshop and after an orientation to the open space plan and 
the TOD, those participants who were residents of Redlands participated in a two-stage 
Delphi experiment in which they were asked to weight the several criteria established 
by the City of Redlands for each of the two geodesign problems. This experiment was 
aimed at identifying the decision models which would guide the final comparison of 
the designs and the assessment of the efficacy of the various change models.
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Fig. 2.9   The anticipatory change model
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2.5 � Anticipatory

The anticipatory approach is based on the premise that the designer’s confidence 
and experience can provide the “great leap forward” to a concept of what might be 
the basis for a good design (Fig. 2.9). This necessarily assumes that the designer 
has a sufficient and adequate amount of experience from which to draw upon. He 
or she will then need to go back to existing conditions, and through deductive logic 
move forward through the many requirements and their options to try to achieve the 
preconceived design.

The anticipatory team had two participants who were very experienced profes-
sionals in design at the scales and types of the two workshop cases. The team de-
cided that each of these persons would work as an individual designer, with the rest 
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of the team in support of their needs as they developed. Both designers chose to 
work by hand-drawing on paper through several iterations of their initial conceptual 
diagrams, while other members of the team prepared staged digital versions for the 
several available impact assessments. The better-performing designs of one of the 
two designers is shown in Fig. 2.9.

2.6 � Participatory

The participatory design approach assumes that there is more than one par-
ticipating designer, and that each has a concept about what the future design 
should be (Fig.  2.10). This premise expects the designers to have a sufficient 

 

Fig. 2.10   The participatory change model
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sense of place and time to provide a future-oriented design, while still recogniz-
ing that their designs are different and must be aggregated into one consensus  
design.

Five members of this team were residents of Redlands and they were chosen 
as the direct participants. Each person drew a design for the open space system. 
These were digitized and algorithmically compared for their spatial agreement. 
The final plan is the result of a series of majority—decision rules combined 
with a modest amount of interpersonal negotiation based on expert local knowl-
edge. A similar strategy was applied for the TOD, but in this case the five ini-
tial drawn designs were negotiated into a first consensus. This design was then 
digitized and improved through a series of feedback loops to what was the final  
design.

2.7 � Sequential

Under the sequential approach, the designer makes a series of confident choices 
that systematically develop into the future design (Fig. 2.11). This approach begins 
with present conditions and uses abductive logic as it moves with certainty directly 
through a single set of choices for each requirement.

This geodesign team consisted of several residents of Redlands, one of whom 
was experienced in design at these scales. After a group discussion in which the 
sequence of decisions was established and various options were given priority, the 
constraints for the open space design were identified digitally. The design was then 
rapidly generated manually and its final version made digital. A similar process was 
followed for the TOD, but in this case an early version was digitized and improved 
through feedback to its final state.

2.8 � Constraining

The constraining method (Fig. 2.12) is useful when the client and/or the geodesign 
team are not sure of the decision models, or when the relative importance of the 
study’s objectives or requirements approximate Zipf’s Law but where there are also 
many options for each requirement. A strategy of making decisions by comparing 
and selecting options in the sequence rank order of decision importance is then 
followed.

This team recognized that the two decision models provided by the Redlands 
residents generally followed a Zipf distribution. They therefore adopted a strategy 
of making decisions in the rank order of importance within each decision model. 
Knowing the sequence made discussions highly efficient and several digital feed-
back iterations were conducted. The team to follow a similar process for the TOD 
but in this case the entire design was conducted in a series of hand drawings due to 
perceived time limitations.
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2.9 � Combinatorial

When the designer or the client is not sure of the appropriate choices in the sequence 
of decisions to create the design, the combinatorial approach is useful (Fig. 2.13). 
This strategy is commonly applied to investigate alternative scenarios for the future. 
It is especially appropriate when the few main objectives are of similar importance 
and a combination of the key requirements must be resolved before continuing with 
less important ones

This team realized that if they identified the best combination of options for the 
three most important requirements for each design, and spent less time and energy 
on less significant requirements, that their final designs had a high likelihood of 

Fig. 2.11   The sequential change model
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being good ones. Their first steps were to diagram and name a substantial number 
of options for the three most significant open space requirements. In a very effi-
cient way, the members of the team sorted and rejected most of the combinations. 
A decision was made from a short list of feasible sets, digitized and improved 
through feedback. The same process was then applied to the TOD.

2.10 � Rule-based

The rule-based approach assumes that the geodesign team is knowledgeable and con-
fident enough to specify a set of formal rules for developing the design (Fig. 2.14). 
Such approaches are normally organized as a set of computer algorithms, but they 

Fig. 2.12   The constraining change model
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can also be expressed as mental steps which can be followed manually. The rules 
for each requirement are combined in a sequence of design decisions comparable to 
that in a sequential approach.

This team decided to build a rule-based model which would allocate the require-
ments for the open space plan in a sequence of decisions reflecting perceived impor-
tance. They were able to do this in an efficient manner, but calibration of distance 
related criteria required trial and error feedback within the process and evaluation 
models. Preparing a rule-based model for the 3-dimensional TOD was seen as re-
quiring more time than available, so the anticipatory team’s TOD design was bor-
rowed and adapted to the open space plan.

Fig. 2.13   The combinatorial change model
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2.11 � Optimized

The optimized requires that the client and the geodesign team understand a-priori 
the relative importance of each of the desired requirements and also its decision cri-
teria. The optimizing decision model is based on the values of the decision makers 
and reflects their goals, the values by which they make judgments about the design, 
and the relative importance they attach to these goals and values. This approach 
needs these criteria to be identified and comparable in a single metric, such as a 
financial rate-of-return or potential votes, etc., in order to be able to declare a design 
“optimal” in the end (Fig. 2.15).

Fig. 2.14   The rule-based change model, with each colored arrow in the diagram representing a 
different requirement, in this case a different land use
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While the optimizing team was aware that digital methods exist to generate op-
timal spatial designs, they realized that available time did not allow for their de-
signs to be generated algorithmically. They therefore adopted the equivalent of a 
crowd-sourcing strategy. Since the information flow of the workshop enabled the 
designs of all the teams to be visible, the optimizing team developed an algorithmic 
approach which enabled them to identify the best elements from all other designs. 
These were combined first into the open space plan and then into the TOD. Several 
digital feedback iterations improved both designs to their final states.

Fig. 2.15   The optimized change model, with each colored line in the diagram representing a dif-
ferent requirement, frequently for a different land use
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2.12 � Agent-based

In the agent-based approach, the future state of the study area is the result of in-
teractions among policy and design decisions that direct, attract, or constrain the 
independent but rule-based actions of independent “agents” (Fig. 2.16). Agents can 
be stakeholders, or decision makers, or people of the place, or be defined as home 
seekers or developers or conservationists, for example. They can also be land uses, 
as demonstrated in this experimental workshop. For each type of agent, there are 
different “rules” for where they can be in the study area “landscape” and how they 
will interact with others in their own group and among other groups. These rules are 
embedded into a computer model, and the changes occur simultaneously and adjust 
in reaction to the sequence of requirements for the design.

Fig. 2.16   The agent-based model, with each colored arrow in the diagram representing a different 
sub-model for a land use, all acting simultaneously
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The members of the agent-based team were chosen in large part because of their 
knowledge of modeling methods and willingness to experiment with agent-based 
methods as change models. An early decision was made divide into two sub-teams 
for initial experiments, and then to focus on the 3-D TOD design. One group first 
borrowed the Anticipatory team’s open space plan. It then located 30 “people” and 
specified criteria for a scenic walk from home to preferred views. The agents were 
then “walked” along public streets to their nearest scenic trails, and the model as-
sessed the relative access of their home areas to trails with preferred views. The 
agent-based model in this application was an animated impact model which could 
be used as feedback.

The TOD application used agent-based modeling as a change model, to cre-
ate the design in the first place. The required amounts of all land use program 
elements were divided into 10 m × 10 m grid-agents. They were algorithmically 
allocated randomly in a first design. This pattern was then aggregated into units 
of appropriate size and made more economically efficient in a series of feedback 
re-allocations. When the design was deemed stable, a second agent-based impact 
assessment was made. Thirty “people” were assigned homes. They all arrived at 
the transit rail station and had to walk home but had to stop briefly to shop en 
route, thus assessing the shop locations for their pedestrian traffic. To the best of 
our knowledge, this TOD experiment was the first use of an agent-based model as 
a change model in 3-dimensions.

2.13 � Mixed

In a mixed approach, several different ways of designing are combined, in whole or 
in part. The number of possible combinations of change models is almost infinite 
(Fig. 2.17).

This geodesign team had the greatest freedom to choose how it would work. 
It decided that mixing the anticipatory and sequential methods would be both the 
easiest and most efficient way of proceeding, largely because of the instinctive fa-
miliarity of these ways of designing. In addition they decided to closely observe the 
designs of the other teams and to borrow as needed. They organize themselves as a 
team with individual responsibility but frequent coordination. One consequence of 
this was that they were able to achieve a greater level of detail than all other teams 
within the limited time available to the workshop. This including alternatives for the 
three highway underpasses which link the two major parts of Redlands, made by a 
Redlands University undergraduate student.
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2.14 � Selecting Among Change Models

On the morning of the last day of the workshop, a subgroup of the participants made 
comparisons among the nine open space plans and the nine TOD proposals. Using 
the algorithm prepared by the participatory team, and analysis was made of the 
majority land-use agreement among all the designs. This 10th design could be seen 
as the product of considering the entire workshop as participants toward a single 
design.

It was informally judged to be a good design by the participating Redlands resi-
dents (Fig. 2.18).

Fig. 2.17   Mixed ways, e.g., anticipatory and sequential
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Fig. 2.18   Comparison of the open space designs
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The assessment tools made available to the workshop enabled the designs to be 
compared for their component contributions toward matching the decision model 
which had previously been proposed by the Redlands residents (Fig.  2.19). The 
resulting graphs show a striking similarity of performance regardless of the change 

Fig. 2.19   Comparing the open space designs
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model within which the designs were created. There are two reasons for this. First, 
all the teams began with an assessment of constraints—of what not to do—as indi-
cated by the process/evaluation models prepared by the city of Redlands. Second, 
all the designs went through at least three rounds of feedback improvement vis-à-
vis those same models. Clearly, having pre-specified assessment models and an 
efficient feedback process mitigated against making the wrong choice of a change 
model.

When the nine designs for the TOD were compared there was considerably 
more variance in performance among the geodesign teams (Fig. 2.20). Combining 
constraints is a fast early step and frequently a starting point in a 2-dimensional 
planimetric design, especially if known a-priori, while meeting complex program 
requirements in 3D is harder and needs many more feedback loops. Although time 
was very limited, almost all the teams made several improving iterations of their 
TOD designs, and these results could be monitored and reported. It is interesting 
to note that after a few iterations the designs at that scale did not improve greatly. 
Indeed, in one case further changes resulted in a distinctly less successful design 
which was suppressed in favor of a prior version.

When comparing the performance of the TOD designs toward their decision 
model criteria (Fig. 2.21), there was considerable variation. It is clear that applica-
tion of feedback was again very important toward leveling the impact results related 
to the process/evaluation models provided by the City of Redlands. The striking 
exception is in the ability of the geodesign teams to meet the several programmatic 
requirements. Not only is there a greater variance, but there seems to be an inverse 
relationship between “quantity” as represented by the land-use program and “qual-
ity” as represented by the other of Redlands’ decision criteria. This is not a surpris-
ing occurrence to an experienced designer, but it does raise the question of how to 
better integrate qualitative assessments into digital methods.

The anticipatory TOD succeeded because the designer was a very capable and 
experienced professional whose team took full advantage of the feedback capabil-
ity. The combinatorial team also did well, as this is a fine way to begin a complex 
design if one has understood the decision model and its requirements and options. 
Finally we should note that the agent-based TOD performed very well. This is be-
cause it began by excluding constraints and then fulfilling the program require-
ments, albeit in a spatially random manner. It then applied many feedback changes 
to incrementally improve and regularize the design. This may portend a very prom-
ising change model-strategy for geodesign.

The performance of the change model teams across both geodesign problems 
was also assessed (Fig. 2.22). If meeting the program requirements is excluded from 
the overall calculation, the change models’ performance over the two scales are es-
sentially uncorrelated (r = 0.05). Clearly, the combination of an early use of the pro-
cess/evaluation models to identify constraints on the design and the implementation 
of efficient feedback can mitigate against a badly chosen change model.

However if meeting the program requirements is included in the overall decision 
model calculation—and it almost always is—the differences in the change models 
performance over the two scales are significantly and negatively related (r = − 0.66).  
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Fig. 2.20   Comparison of the TOD designs
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Fig. 2.21   Comparing the TOD designs
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Size and scale, and the selection of an appropriate change model do matter. Having 
one way of designing does not best-fit all geodesign conditions.

Regarding the Redlands Workshop, we all need to be very much aware that this 
workshop was an initial and limited experiment which compared design methods 
in a digital environment. It was a very interesting event and it added to our ex-
perience, but it does not “prove” anything. The Redlands workshop was first and 
foremost an experiment, and we must always keep in mind—“An example is not a 
theory”. We hope it will lead to many more experiments. Nonetheless, we believe 
that the Redlands Workshop has been an important step forward in the development 
of geodesign.
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3.1 � Introduction: On Geodesign Agenda

The paper introduces a GIS-based energy and carbon performance assessment and 
its urban design, a forward-looking modeling approach to “designing for change” 
for an urban environment. It investigates how design objectives help to organize a 
process of geographic-based information modeling in cities, and demonstrates how 
design intervention drives future urban change to achieve better performance in 
energy and carbon emission.

Recent discussions on Geodesign draw attentions of Geographic Information 
System (GIS) and Planning Support System (PSS) professionals to an emerging 
model that is more design-oriented. How far has Geodesign moved away from the 
current practice of GIS and traditional model of PSS? The attempt of turning GIS 
technology and PSS methods to a geographic-based design brings in the concept of 
“designing for change” (Steinitz 2012).

However, GIS is not so explicit on addressing the design question as Geodesign 
(Batty 2013). The problems of lacking design dimension and adaptability in the 
traditional GIS and PSS models were addressed in the emerging discourse of 
Geodesign, an initiative that focused more on the design-oriented modeling meth-
od (Batty 2013). According to the statement of Steinitz who quoted Michael Fax-
man and Stephen Ervin from the Geodesign Summit 2012, Geodesign is “a design 
and planning method which tightly couples the creation of design proposals with 
impact simulations influenced by geographic contexts, system thinking, and digi-
tal technology” (Steinitz 2012). From this definition, an interventional approach 
through design is essential. The design intervention turns the concept of Geodesign 
into a matter of both science and art. Geodesign is a form of art that emphasizes 
creativity, individual experience, self-awareness, interpretation and expression 
(Steinitz 2012). It is also argued as a science-based design or “a technology of 
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design” that emphasizes knowledge of how urban, environmental and social sys-
tems operate. The idea of Geodesign as a “science in design” is interventionist in 
contrast to the more detached and dispassionate nature of pure science (Goodchild 
2010). It manipulates form and intervenes in the systems based on normative ques-
tions.

What is challenging is not only to deal with “science in design”, but also to treat 
“design in science” (Batty 2013). The ability to raise “design questions” that con-
nect to scientific analysis, in other words, a design-driven urban modeling, will be 
crucial to the shaping of future urban systems. It continues the discourse of the ra-
tional planning model in PSS where the analysis comes with purpose and objective, 
but it goes deeper. Geodesign aims to develop a design-oriented urban modeling 
method, in which its application needs to be more purpose driven and adaptable to 
situational change.

3.2 � Research Design: Benchmarking Energy 
Performance of Global Downtown Settings

3.2.1 � The Selection of Test Cases

In this paper, a series of test cases was conducted through the Ecological Urbanism 
Studio in 2011, and again in the Site Planning and Urban Eco Simulation Workshop 
in 2013 in the School of City and Regional Planning and the School of Architecture 
at the Georgia Institute of Technology. Eleven central urban districts from seven 
global cities were chosen from downtown urban settings in North American and 
East Asian cities, including Atlanta, Chicago, Macau, Manhattan, Shanghai, Tokyo 
and Vancouver. The test cases were used for measuring the attributes of urban form 
and their corresponding performance in energy and carbon emissions.

There are three steps that coincide with three criteria, centrality, urban grid pat-
tern and variation, that determine the way we select sample urban districts:

The first step is to define the territory of the downtown urban environment. We 
use the term “downtown” to represent an urban district that is recognized as a city 
district of centrality or a relatively high-density environment, in which they are not 
necessarily named “Downtown” in specific contexts. For example, we also selected 
some districts called “Midtown” in the case of Atlanta and Manhattan or the “Loop” 
in Chicago.

The second step is to determine the spatial scale of an urban district. A one square 
kilometer urban grid system was defined as the spatial range of each sample district, 
in which the urban grid pattern is seen as the generator of modern cities (Martin and 
March 1972). There exists a strong relationship between density, spatial typology 
and environmental performance that operates on predetermined urban grid patterns.

The third step is to pick sample blocks to represent variation. To understand 
better how different density and urban typology perform in energy-carbon efficien-
cy, high variation among sample districts would provide evidences that are easily 
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observable. We selected urban districts with different building densities ranging 
from a floor area ratio (FAR) of 1.6 in Atlanta’s Midtown to FAR of 15.0 in Man-
hattan’s Midtown, urban block sizes ranging from 4,016 m2 in Macau’s Yun Han 
District to 59,900 m2 in Shanghai’s Pudong Financial Center, and the number of 
street intersections ranging from 13 in Shanghai Pudong Financial Center to 153 in 
Vancouver West End and 172 in Manhattan Downtown.

These measures provide quantitative parameters for describing internal organi-
zation of cities at the meso-scale territory, including the building density, building 
heights, block sizes, number of street junctions, land use diversity or programmatic 
composition, that would create different potential effects on energy and carbon per-
formance.

3.2.2 � A Framework of Geodesign Method

A Geodesign method is applied to organize a framework of representational, per-
formative and change modeling. To respond to the definition of Geodesign from 
Steinitz based on the statement of Faxman and Ervin (Steinitz 2012), the proposed 
method couples the creation of design with performance impact assessment. It is 
influenced by integrating geographic contexts in an urban environment, a system 
thinking of spatial hierarchy from a city to a district to a block structure and digital 
technology including GIS and other energy simulation tools.

The method begins with the representational dimension by operating a multi-
scale mapping and three-dimensional (3D) modeling of urban block structure, cov-
ering urban territories at large (L), medium (M) and small (S) scales. It focuses on 
the M-scale territory, in which a form-based mapping integrates quantitative attri-
butes, such as density, diversity and street connectivity, of the urban block structure.

A performative model is proposed as a basis using GIS and other energy-related 
assessment tools. The objective of achieving a low energy and low carbon urban 
system is clearly set as the criteria for the research design. The performance of urban 
visibility, solar availability, energy-related analysis and carbon footprints is mea-
sured and benchmarked based on the eleven km-wide downtown urban settings. The 
benchmarking and comparative performance analysis among the eleven urban form 
structures provides results to guide future change to achieve better performance.

The final stage is to develop a change model. A test case of designing, alter-
ing and reconfiguring an urban block structure in the Chicago Loop is conducted. 
Alternative ecological urban block designs are designed and their performances in 
carbon reduction are tested. The designed urban block and their performance crite-
ria could lead to a possible urban change. Unlike other GIS or PSS-based model-
ing, the design-oriented urban modeling projects future urban block structures that 
are grounded on a performance analysis in energy consumption, renewable energy 
production and carbon reduction. It involves a creative process of form making, 
and demonstrates how urban design can be taken as a tool for synthesizing complex 
scientific issues to move design decision-making to meet low carbon standards.
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3.3 � From Representational Model to Performative Model

3.3.1 � Representational Models

The modeling process starts from a description of the urban environment. Multi-
scale representational models provide mappings and 3D visualization across dif-
ferent spatial scales ranging from the city-regional level territory to the downtown 
urban core (1 km by 1 km) and then to a selection of sample blocks (3 blocks by 3 
blocks). The attributes of urban territories at different scales are defined based on ob-
servable environmental features and analytical issues related to the particular scales:

1.	 L-scale: The city-region refers to environmental features including settlement 
patterns, water bodies and vegetated green patches or corridors. It is defined as 
the L-level mapping that provides “big numbers” and major information about 
the cities. It deals with an administrative territory and basic parameters of cities, 
such as population density, the major land cover and land use, total energy con-
sumption, total water consumption or total carbon emission, and their per capita 
consumption rates. To better understand each city’s greater context, the project 
mapped each city’s urban spatial structure, landscape pattern and transportation 
network within each large 10 km by 10 km study area. At this level of analysis, 
patterns of land use and density begin to emerge (Fig. 3.1a).

2.	 M-scale: The downtown core area is defined based on a 1 km by 1 km territory 
that is representative of the urban form in the densest urban area or the cen-
tral city district. Examples include territories covering Lower Manhattan, Mid-
town Manhattan, Chicago Loop, Atlanta Downtown and Atlanta Midtown. The 
M-scale 1 km by 1 km study area describes a street block system. At this level, a 
focal scale of this particular Geodesign model, a set of parameters are developed 
for describing “the block structure” of downtown urban core, such as overall 
building coverage ratio, building density, mix of land use, street connectivity, 
spatial configurations of green space and building typologies (Fig. 3.1b).

3.	 S-scale: At the S-scale, a typological study of buildings is conducted. Building 
archetypes are sorted and classified based on building height, area and form. 

Fig. 3.1   Representational modeling for a Large-scale. b Medium-scale. c Small-scale urban ter-
ritories, an example of Manhattan, images produced in Site Planning and Urban Eco Simulation 
Workshop 2013, Georgia Institute of Technology
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Sixty building typologies are established and categorized based on height and 
massing. These typologies are then compared based on characteristics such as 
height, massing, FAR, carbon emissions, total solar availability and carbon offset 
potential. At this level, the spatial representation provides truly 3D information 
of building form and urban geometry that can be turned to attributes and man-
aged in GIS for describing spatial property. For each city, a sample block struc-
ture is selected from a typical 3 blocks by 3 blocks area to form a nine blocks 
matrix. With eight surrounding blocks, the central block would be contextualized 
for measuring its performance analysis with a consideration of neighborhood 
effects such as shading (Fig. 3.1c).

The construction of representational layers from L, M and S-scale territories are 
driven by the definition of system boundaries, a conceptual boundary in a physical 
or functional space that encloses all components for the urban systems at different 
levels (Grubler and Fisk 2013). For the purpose of measuring energy and carbon 
performance, the system boundaries of urban territories are to be defined for figur-
ing out the extent of energy use and carbon emissions. It is essential to select the 
right scale and appropriate system boundary for proposing smart strategies to pro-
mote energy performance or carbon reduction for implementation.

How do we define the system boundary for urban carbon emission measure and 
its reduction strategy? For an open system like cities, it is always a problematic mat-
ter (Dhakal and Shrestha 2010; Brown et al. 2009). The geographic definitions of a 
city or an urban area are controversial. They go from the limitation of mass transit 
to the entire commuter shed to political boundary by jurisdiction. Because cities 
are open systems, significant proportions of urban carbon emissions are normally 
produced or consumed elsewhere (Sovacool and Brown 2010).

Different from most social, economic and census data that are grounded on tradi-
tional administrative boundaries, energy flows cover physical and functional spaces 
and transcend administrative and territorial boundaries of cities. Compared with a 
building system or a national accounting system, the system boundary of energy 
flows in cities is relatively poorly defined. The literature on urban land use is of 
limited use in energy-related assessment despite its richness in availability of data 
(Grubler and Fisk 2013). For the kilometer-wide urban spatial structure, data of 
urban energy flows simply rarely exist at this level.

The paper relies on building energy performance measure to construct its own 
energy data. Using the GIS platform, a bottom-up approach is applied by aggre-
gating the results of individual building performance to scale up to the particular 
M-scale urban territory according to different typologies. The system boundary of 
energy and carbon accounting is limited to the building sector, without considering 
other sectors such as transportation, water infrastructure, waste treatment or their 
sectorial nexus. Although the complex interaction among the components is simpli-
fied, there is an attempt to construct the relationship between urban form and energy 
performance at the M-scale territory and to address the question of how the internal 
structure of cities performs in energy and carbon efficiency.
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3.3.2 � Approaches to Performance-Based Models

This study chooses two approaches for measuring energy consumption and its con-
version to carbon emissions of cities. The first is to use land use categories to esti-
mate carbon emissions based on energy intensity for each land use type (Table 3.1) 
(U.S. Department of Energy 2005). The office use tends to produce a higher rate 
of carbon dioxide (CO2), the residential tends to be lower and the mixed use is in 
normally in between both.

The second approach is the building simulation method that normally produces 
more accurate results. The test case chooses eQuest, a building energy simulation 
tool from the U.S. Department of Energy DOE2.2 engine, a method that considers 
building envelop, system efficiency and its function. The simulation method is first 
applied to selected buildings based on the sixty defined building typologies. GIS is 
used as a platform for classifying individual building typology and for aggregating 
results and turning them into mapping at a broader-scale territory. The results of 
energy performance are converted to the carbon emissions. Other parameters such 
as the age of building and the energy label are not considered.

Two solar analysis approaches are taken for different purposes. The solar radia-
tion tool in ArcGIS of ESRI is used for the L-scale analysis. Because the analysis 
is based on the digital elevation model (DEM) raster surface, the vertical surfaces, 
such as building facades, are not computed for this scale. The Ecotect of Autodesk 
is taken as the alternative tool for the building-level analysis. Its calculation per-
forms incident solar radiation across a whole year, in which the output can be gener-
ated based on the annually cumulated radiation value on each surface. To study the 
impact of different building typologies on solar availability, all sample typologies 
are simulated in Ecotect for its annual surface average solar gain. The results are 
then applied to a GIS platform for scaling up the results from the building to urban 
level by aggregating all buildings in the same typology category with similar orien-
tation in proportion to different building density values.

These simulated results provide ideal models for exploring the relationships 
between different urban environments and their potential carbon footprints, the 
availability of solar radiation and the capacity for converting it to renewable energy 
through solar panel deployment (Fig. 3.2). The performance model at the kilometer-
wide spatial range shows that with the higher building density of the urban block 
structure, greater carbon offset could be achieved. We also observe from the model 
that the finer the grain in the block structure, the carbon emission tends to be less 

Type of land use CO2 (tons/1000 sq. ft.)
Residential   7.13
Commercial 13.64
Education 10.17
Government use 12.33
Mixed use 10.91
Industrial, tourism 18.04
Construction, vacant   1.77

Table 3.1   Carbon emission 
factors. (U.S. Department 
of Energy 2005)
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(Table 3.2). These findings imply that high density, compact city form and small 
block development tend to perform better in total energy and carbon efficiency.

The benchmarking among various downtown urban settings in global cities is 
an attempt to use an urban physical model and its simulation to describe patterns 
of energy flow. The simple urban physical modeling approach addresses the issue 
of how we “manage complexity and reduce uncertainty” in cities (Grimm 2005). 
Urban physical form and its spatial configuration certainly matter in energy and 
carbon performance.

3.4 � From Performative Model to Change Model

Through the mapping of eleven urban settings of seven global cities, a set of urban 
form parameters, including block size, building density, surface volume ratio and 
street connectivity, are compared to the performance results of carbon emission and 
potential carbon offset by solar energy. The benchmarking provides a performative 

Fig. 3.2   Carbon footprints and renewable energy capacity mapping for kilometer-wide urban 
environments from Atlanta, Chicago, Macau and Manhattan (from left to right), images produced 
by the Ecological Urbanism Studio 2011, Georgia Institute of Technology
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model for understanding how existing internal organizations of cities perform and 
function in energy and carbon efficiency.

However, the question of how to achieve a low carbon and low energy urban 
block system remains to be answered. It requires a “change model” to design for 
the future. Instead of looking at how the existing urban block system performs and 
functions, the design question addresses how the urban block system should be 
changed to achieve the low carbon objective. The future urban block system is to be 
designed for change and is to be transformed over time, in which its performance is 
to be tracked to meet the standard.

A test case was conducted to take Chicago’s Loop as an urban laboratory for 
improving energy performance through an assimilation of renewable energy. An 
existing urban block structure was reconstructed, and its energy performance was 
modelled. A series of hypothetical urban block models were designed or speculated 
based on the following principles:

•	 To develop a green street planning strategy (Kloster et al. 2002);
•	 To apply green area ratio (GAR), multiple green surfaces from the ground to the 

façade and to the roof (Ong 2003);
•	 To use the “solar envelope” concept for developing high performance typolo-

gies;
•	 To enforce directional building setbacks to enhance daylighting for saving en-

ergy; and
•	 To create wind tunnels within buildings to take advantage of wind power and 

enhance ventilation.

In the case of Chicago, those principles target on maximizing solar gain, improving 
daylighting, enhancing air ventilation and increasing permeable landscape surfaces. 
The optimization of “solar envelope” or “solar skin” provides an enormous urban 

Table 3.2   Benchmarking performance of energy and carbon among the eleven km-wide urban block 
structures, data produced by the Ecological Urbanism Studio 2011, Georgia Institute of Technology

Average 
block size 
(sq. m)

Building 
density 
(Gross 
F.A.R.)

Surface 
area/
building 
volume

Street con-
nectivity 
(number of 
intersections)

CO2 Emis-
sions based 
on land use 
(tons)

Total car-
bon offset 
by solar 
(tons)

Atlanta/Midtown 8300   1.6 10 %   27 196,667 32,991
Atlanta/Downtown 6000   3.7 12 %   82 519,293 37,678
Macau/You Han 4016 13 25 % 113 337,007 27,847
Macau/Xin Kou An 5858   4 22 % 110 556,936 29,214
Chicago 9500   3.8 10 %   61 1,853,772 50,599
Manhattan/Midtown 10,175 15 11 %   68 1,815,579 58,252
Manhattan/Downtown 11,979 11.4 12 % 172 1,227,094 36,709
Shanghai 59,900   6.5   8 %   13 756,756 20,607
Tokyo 8000   1.9 17 % 152 169,467 18,045
Vancouver/Historic 
Center

11,443   5.9 21 % 147 165,700 8.529

Vancouver/West End 8800 10.1 21 % 153 187,951 9.473
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surface for solar and sunlight. The proper spacing in between buildings encourages 
the breeze to go through the high-density environment. It allows quality sunlight 
and wind to penetrate into the deep center of the block both horizontally and verti-
cally. In other words, it provides a design strategy of the mat building system, an ap-
proach to design a condensed and open structure for the urban block, and to control 
building mass and void below and above ground with high porosity (Sarkis et al. 
2002). It is an extension of the green street concept as a pervasive ecological land-
scape surface as well as an expansion of the public domain from external systems, 
such as streets, roads and parks, to the internal territory of the urban block. The 
potential programs for the urban block redevelopment would include a vegetated 
solar roof covered by photovoltaic, roof top garden, playground, sport field, sunken 
plaza, street front café above and below ground, etc.

In reality, the energy performance of urban form is a complex, uncertain and 
dynamic matter that is affected by local climate conditions and changing over time 
during diurnal cycle and seasonal change. Instead of pursuing the system optimiza-
tion through a comprehensive modeling approach, the research applies design-ori-
ented urban modeling, a specific type of Geodesign method, to project alternative 
“designed” future models for benchmarking. Urban design is seen as an instrument 
to synthesize complex and dynamic factors for deriving sustainable urban future. 
The hypothetical principles such as “solar envelop” are tested by alternative urban 
design models through reconfiguring the current urban block structure to meet low-
er energy and lower carbon performance criteria. The hypothetical urban models 
are proposed based on the same building density, however, with alternative spatial 
configurations that would perform differently in terms of energy consumption, po-
tential solar energy production and the total carbon reduction.

In the case of the Chicago Loop, the forward-looking modeling reconfigures 
the current block structure to an open structure for maximizing “solar envelop” 
along the street front. The model illustrates how the existing urban block structure 
(Fig. 3.3a) can be reorganized to new forms that achieve 63.7 % (Fig. 3.3b) and then 
up to 69.2 % (Fig. 3.3c) carbon reduction through enhancing its solar energy capac-
ity, and reducing carbon emission by adjusting physical layout of the urban block. 
The following parameters were derived from the third block model in the Fig. 3.3c 
that projected a 69.2 % performance change in carbon reduction:

•	 Total building volume = 3,707,385 m3

•	 Building surface area = 1,038,032 m2

•	 Total floor area = 1,200,708 m2

•	 FAR = 9.8
•	 Carbon offset by vegetation on the ground = 259  tons/year (vegetation on the 

ground = 17,286 m2)
•	 Carbon offset by vegetation on vertical and roof surfaces = 863.1 tons/year (veg-

etation on vertical and roof surfaces = 57,539 m2)
•	 Carbon offset by solar energy gain = 2,707.2 tons/year (Available area for solar 

photovoltaic = 141,578 m2; Projected solar energy gain [18 % conversion rate of 
solar photovoltaic] = 4,417,233 kWh/year)
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•	 Carbon reduction rate = 69.2 % (by benchmarking the carbon emission 6,457 tons/
year based on the model of the current urban block structure as in Fig. 3.3a)

The design-oriented urban modeling method addresses a broader question of “sci-
ence in design” on how a scientific analysis, such as an energy and carbon perfor-
mance assessment, can be taken as organizational principles to inform design for 
future urban form. It adds a performative dimension to urban design practices that 
are sometimes intuitive or predetermined in form making. It underlines the fact that 
energy and carbon efficiency of cities is related to how urban forms are organized 
and configured spatially. The internal structure of urban form matters in energy 
performance.

It also addresses the question of “design in science” and sees how design engages 
performance-based analysis or how design intervention is seen as an essential vari-
able to define energy performance-based research for future urban systems. Instead 
of operating sophisticated and complex system modeling, the urban design-driven 
model is taken as a tool or instrument for synthesizing complex factors in a process 
of simulating or speculating future transformation of urban spaces. Designing for 
change is a key to enhancing the performance of the urban future. It is important to 
couple urban designers’ forward-looking design model and GIS-based performance 
assessment to meet criteria of low carbon development.

3.5 � Conclusion

Why has design suddenly become central again to GIS (Batty 2013)? Instead of fo-
cusing on the representational dimension of mapping, spatial statistics and scenario 
making based on the “What if” question in PSS (Klosterman 2008), the proposed 
Geodesign model responded to the question of “design for change” (Steinitz 2012).

The paper introduces a GIS-based framework of organizing information from 
a representational model, performative model to change model that is a forward-
looking modeling approach to address the issue of how scientific-based perfor-
mance analysis articulates design. It is a specific kind of Geodesign model to deal 
with problems of energy performance and carbon emissions assessment in cities, 

Fig.  3.3   Design-oriented urban modeling in the area of Chicago Loop; models created by 
Nathaniel Willy, Ralph Raymond and Michael Cullen in the Ecological Urbanism Studio 2011, 
Georgia Institute of Technology
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focusing on a kilometer-wide or meso-scale urban block structure and its internal 
organization.

The objectives of achieving lower energy and lower carbon performance stan-
dards were set at the beginning of framing the Geodesign model. The research 
benchmarks carbon footprints of downtown areas of seven global cities and their 
eleven central city districts by mapping the urban physical structure, energy perfor-
mance, carbon emissions and solar availability of the built environment. The bench-
marking of various urban spatial structures and their simulated results on energy 
and carbon efficiency provide a reference for exploring the relationship between 
urban form and performance.

Based on a test case in the Chicago Loop, an interventional design approach was 
taken for showing that urban form and physical organization matter and affect the 
energy and carbon efficiency. Two questions of “science in design” and “design in 
science” were addressed and tested. First, how does energy performance enhance-
ment and carbon reduction inform urban design or change urban form? GIS and its 
data analysis are more than generating “predictive” future-based results regarding 
the “what if?” questions. They help shape the “designed” future systems. Second, 
how is design integrated in the Geodesign method? In this paper, urban design is 
used as an instrument for making the change model. Design is turned into a variable 
of the forward-looking, performance-based urban modeling. It is in fact part of the 
informational processing and should be incorporated in the technology and tools of 
performance assessment.

Finally, if a city is aiming for achieving low energy and low carbon objectives for 
shaping future ecologically sound urban systems, the Geodesign model provides a 
method of “designing for change”. It projects future urban choices for decisions that 
would facilitate a set of design principles for guiding a process of urban redevelop-
ment incrementally over time.
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4.1 � Introduction

In The Netherlands, the built environment is responsible for 35 % of the total energy 
consumption and 30 % of the CO2 emissions (Topteam Energie 2012). Transform-
ing buildings can therefore substantially reduce fossil fuel consumption. This is 
in line with the 2013 Energy Agreement of the Dutch government, which aims to 
reduce energy consumption and increase renewable energy generation (SER 2013). 
Besides environmental objectives, these measures also stimulate investments and 
employment and consequently strengthen the economy.

However, Dutch evaluations show the transition towards a more efficient energy 
system to be difficult, and results are so far not satisfying (Rooijers et al. 2010, EC 
2011). According to the EC (2011), the main reasons for this are insufficient pol-
icy coordination, investment uncertainties and a lack of incentives and awareness 
among consumers. Furthermore, the energy sector has become more complex. In-
stead of a predominantly top-down approach, at present local initiatives supported 
and stimulated by the local government and private companies become increasingly 
important. This induces an incoherent policy.

In addition, the awareness of the multiple options for energy saving and renew-
able energy generation at a specific location is often insufficient. Moreover, the 
costs and benefits of energy interventions are frequently unclear or unknown. To 
facilitate an energy transition, it is needed to get a clear overview of the energy 
saving and renewable energy options at a specific location, at different spatial and 
temporal scales, as well as a survey of the related costs and benefits, for example 
in terms of GHG emission. Information about the local geographical context, tech-
nological innovations, social considerations and financial aspects should all be col-
lectively analysed to find the optimal solution, meeting the desires and needs of all 
stakeholders involved.
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Currently, contrary to many other sciences (van Manen 2009), in energy sciences 
it is not customary to consider location for optimisation. This is understandable: so 
far the energy system had only a few suppliers transporting energy in a convenient 
state to consumers. However, with the introduction of decentralized energy genera-
tion (PV, windmills, etc.) the generation location, distribution and transportation of 
energy will become more complex. Horner et al. (2011) emphasize that the coop-
eration between GIS and energy science will be instrumental to a smoother energy 
transition. Furthermore, the development of smart grids asks for a good overview of 
where supply and demand are geographically located and what energy is supplied 
or demanded in what quantity at what time. Otherwise the electricity grid will not 
be able to deal with the fluctuations (Moslehi and Kumar 2010).

Optimal energy solutions can be designed by an integrated approach, optimizing 
a range of different criteria such as the local energy generation potential, the grid 
potential, the economic potential, concurrent on both local and national scale. An 
obvious example is the determination of the future location of a wind mill. Not only 
should be considered where the energy output can be optimized (location with most 
wind), but also the most cost-effective location, the location most optimal for the 
energy grid, and the location where the local community is least bothered by the 
mill.

In The Netherlands local (mainly governmental) organizations have developed 
or are developing digital energy information services based on spatial data, aim-
ing to facilitate and stimulate the energy transition. Examples are the Energy Atlas 
of Rotterdam1, the Energy Atlas of Gelderland2, the Solar Energy Atlas3 and the 
Heating Atlas4. These initiatives give an overview of energy-related information in 
a geographical context solely at a regional scale, or regarding only one specific re-
newable energy option such as solar panels. Also, these initiatives are not meant to 
involve stakeholders directly, or to be used as a decision support system. Although 
stakeholders can browse maps, they cannot discuss problems or options, nor can 
they have any insight in the consequences of any decision.

The interdisciplinary PICO consortium (Project Interactive Communication and 
Design) is developing an energy transition support system that extends beyond these 
initiatives. This system offers an extensive up-to-date and transparent data collec-
tion (from different disciplines), which can be visualized in its geographical context 
on different platforms. These data are used as input for both energy models and fi-
nancial models that can be used to calculate investment potentials and potentials for 
energy saving and renewable energy generation for any region in The Netherlands. 
Furthermore, impacts of energy-reducing measures can be modelled, using for ex-
ample cost-benefit analyses and CO2 emission models. The different aspects of the 
PICO support system are streamlined by the geodesign framework (Steinitz 2012).

1  www.rotterdamclimateinitiative.nl/nl/energieatlas
2  www.gelderland.nl/energieatlas/
3  www.zonatlas.nl
4  www.warmteatlas.nl
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The use of spatial data enables the employment of large datasets describing an 
entire neighbourhood without requiring many different data inputs or estimated av-
erages. Several existing tools to model energy generation and savings opportuni-
ties, require attributes to be added individually (e.g. attributes describing individual 
buildings), resulting in a protracted and tedious process. Using spatial data, all data 
regarding the selected location are instantaneously available, enabling an efficient 
modelling approach, saving both time and effort. The geodesign framework has 
already been proven to efficiently work for different spatial design projects, and 
has great potential for energy transition projects (McElvaney 2012, Steinitz 2012).

In the next sections, we describe the preliminary results of the PICO project. 
The first objective was to accomplish an overview of information requirements of 
stakeholders in an energy transition process. This was done by analysing three use-
cases, mainly based on discussion workshops (Sect. 2). The results of these analyses 
are used to set up the PICO system that is embedded in the geodesign framework 
(Sect. 3). The architecture of the PICO system is based on the concept of interoper-
ability and modularity using standards and specifications from the OpenGeoSpatial 
Consortium (Sect. 4). Each geodesign process step and stakeholder has different 
needs, requiring different system interactions. Therefore different tools will be de-
veloped, including a web-based energy atlas of The Netherlands and an application 
for touch tables facilitating collaboration and discussion between different stake-
holders (Sect. 5). We conclude the PICO system will enable multi-criteria decision 
making to support the energy transition of towns, neighbourhoods and communities 
(Sect. 6).

4.2 � Revealing Information Requirements for Energy 
Transition Processes

The PICO project aims to facilitate energy transitions in a variety of local condi-
tions and to support all stakeholders involved. Using the PICO system and tools 
(user interfaces and visualization tools), different impacts of different scenarios can 
be reviewed directly and collaboratively. Stakeholders of three different use-cases 
were invited to a workshop where they could provide an overview of the main 
requirements and aspects that should be addressed by the PICO project. The work-
shops were set up around a particular use-case where a group of stakeholders was 
faced with an information issue that needed solving such as “how are we going to 
invest our money to make our neighbourhood more sustainable?” The goal of the 
workshop was not to answer the question at hand, but rather find out what informa-
tion, tools, or ways of collaborating could help answer it. In the workshops the prin-
ciple of the “five Ws and H” has been applied (see Fig. 4.1) to orient on the current 
situation and to explore potential improvements.
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4.2.1 � Three Different Use-Cases

To survey the information requirement of stakeholders, three use-cases are anal-
ysed: a residential area De Kroeten in Breda, a residential area Nieuw-West in Am-
sterdam, and the VU/VUmc university and academic hospital area in Amsterdam. 
Each use-case had distinctive boundary conditions and objectives. The use-cases 
were selected to capture a large range of situations where the PICO framework 
might be applied: a homogenous suburb represented by a foundation, a utility com-
plex with a single owner and a diverse neighbourhood with many separate initia-
tives. Each of these use-cases has its own specific problems and needs that could be 
addressed by the PICO framework. Fig. 4.2 shows the positioning of the use-cases 
in relation to the complexity of the project and the area size. The complexity is 
among others determined by the number of stakeholders, ambition levels and stake-
holder commitment.

In De Kroeten, residents collectively invested in a wind mill. All residents are a 
member of a sustainability foundation, making use of a revolving fund. The invest-
ment in the wind mill will pay out in the next year, providing financing to invest in 
new sustainable (energy) measures to improve the neighbourhood. To make sound 
investment decisions and plan future investments, the option for energy-reducing 

Fig. 4.2   The three use-cases 
related to complexity and 
area size

 

Fig. 4.1   Typical questions asked during the workshops according to the principle of the “five Ws 
and H”
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and generating measures and related costs need to be mapped out, evaluated, and 
presented understandably to the neighbourhood residents.

In Nieuw-West ambitions to reduce energy consumption are high. These ambi-
tions are reflected in multiple initiatives from the municipality of Amsterdam for 
innovative technologies and sustainable energy solutions and also by many grass-
roots initiatives started by house owners. These initiatives however are not coordi-
nated. This leads to missed chances for energy and cost efficiency and impeding the 
road to an integral sustainability design for the entire area because people who just 
invested in their house are not eager to participate in a large scale renovation. There 
is a lack of (financial) commitment from a larger party such as the municipality or 
a housing association. No larger organisation takes a leading role and implements 
a sustainable renovation plan for the whole area. Now only a small percentage of 
the residents apply sustainability measures themselves. This case is additionally 
complicated due to the multitude of stakeholders with very different interests and 
plans, who all have to agree on larger energy related investments. In this use-case, 
an integrated approach, where multiple stakeholders can jointly discuss different 
scenarios, can strongly benefit decision-making.

At VU/VUmc, fewer stakeholders are involved, but the energy demand is com-
plex. The aim is to produce a large fraction of the needed energy from renewable 
energy sources. However, the VU/VUmc have a high constant electricity demand, 
as well as a heat and cold demand, which has to be 100 % secure and affordable at 
all times. Therefore all possible energy sources and storages have to be mapped, 
providing that the energy supply is secure, and a clear image of the financial feasi-
bility has to be outlined.

4.2.2 � Main Insights Derived from Use-Cases

The PICO use-cases showed many different stakeholders to be involved in the ener-
gy transition process: residents, local authorities, power companies, grid operators, 
energy producers, and other private companies and local initiatives. Commonly, 
these stakeholders have different objectives and needs, whereas often the organisa-
tion responsible for the overall process is not clear or does not take the initiative. 
This usually results in postponed action. Frequently, communication between the 
different stakeholders is limited. As a consequence, stakeholders are not always 
aware of all possibilities at the location of interest, which may lead to a lack of com-
mitment. Hence, there is a great need for better communication between stakehold-
ers as improved communication will most likely stimulate public support.

Another important conclusion derived from the workshops, was that data and 
information needed for the energy transition project was often incomplete, or un-
available. There are different reasons for this deficiency. Firstly, most projects focus 
on a single energy technique (e.g. solar panels) or a single criterion (e.g. CO2 reduc-
tion). Data required for a broader perspective is not present. Secondly, when taking 
into account this broader perspective a lot of data is needed from different sources 
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and in different formats. There is no single entry to access the required data making 
it difficult to gather all data needed. And thirdly some of the required data does not 
exist but could be created using (spatial) analysis or models. The knowledge and 
experience for this (spatial) modelling often is not present.

The lack of data hinders the establishment of a complete overview of all energy 
saving and renewable energy options at a location, and precludes a complete impact 
analysis.

Visualizing data in its geographical context is considered highly valuable. All 
stakeholders, specifically citizens, want to understand the information offered to 
them and the reliability of this information. This applies to basic maps but also to 
more complex information such as results from impact models. It is important that 
the information is available in an understandable way, to ensure trustworthy data. 
This includes information about the reliability or quality of the data and models, 
e.g.: the creator, the actuality of the data, and how it has been derived.

Different stakeholders find different factors important for decision making. For 
citizens and companies the financial consequence of an energy transition measure 
is most important. On the other hand governmental organisations such as munici-
palities focus more on CO2 reduction. Other criteria of lesser importance are the 
autonomy of the energy system and energy reduction. Because the financial conse-
quence is so important a high reliability of the financial models is crucial to support 
the comparison of the (financial) consequences of different energy solutions.

4.2.3 � A Multiple Criteria Decision Making Process

The creation of a new sustainable energy system is found to be a complex process, 
which can be regarded as a multi-criteria decision making process (Pohekar and 
Ramachandran 2004). Decisions are based on multiple objectives (e.g., CO2 and 
cost reduction), a selection of multiple quantifiable options (e.g., CO2 reduction in 
tons/year) and non-quantifiable variables (like feelings). The final decision will be 
a compromise between the interests of the different stakeholders involved in the 
process.

When designing a sustainable energy system, the stakeholders have different 
preferences for the criteria. They will bring in different points-of-view and de-
mands, acting at different spatial and temporal scales. A framework is needed to 
reach mutual understanding and to establish a widely supported compromise tak-
ing into account all criteria and interests of the stakeholders. It is expected that the 
geodesign framework can very well be used to guide this process (Steinitz 2012).

4.2.4 � Addressing many Different Stakeholders

The PICO use-cases showed that in an energy transition process, commonly many 
different stakeholders are involved. Steinitz (2012) subdivides the people involved 
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in the design process into four groups: design professions, geographical sciences, 
information technologies and people of the place. These four groups should collab-
orate and form the geodesign team. For an energy system similar groups of stake-
holders can be identified:

•	 People of the place: residents, housing cooperatives, authorities and local com-
panies. This group delivers requirements, design ideas and boundary conditions. 
In the end they are responsible for making a widely supported decision.

•	 Organisations and companies involved in energy technology: network managers, 
energy companies and technology providers. They supply the technology and 
knowledge.

•	 Energy professionals including energy service companies and in some cases 
governmental spatial planning organizations. This group mainly has a focus on 
individual buildings, both in knowledge and skills.

•	 Geographical sciences. At the moment, these are not typically involved in energy 
transition processes. However, cooperation between geographical and energy 
science is expected to be instrumental to a smoother energy transition (Horner 
et al. 2011). One of the objectives of PICO is to facilitate and stimulate the in-
volvement of geographical sciences.

4.3 � PICO Embedded in the Geodesign Framework

The geodesign framework facilitates a change in a geographical context, essen-
tially by iteratively tackling different steps in the design process in each of which 
stakeholders are involved and can give feedback (Steinitz 2012). Involvement of 
stakeholders from start to finish of the design process results not only in the best 
solutions, satisfying most stakeholders, but also generates their commitment.

As has been concluded from the PICO use-cases, design problems and options 
are not always completely understood, due to a lack of data and information shar-
ing. By going through all six geodesign steps iteratively it is assured that most 
important data, processes and options are collected and analysed. Moreover, the 
lessons-learned from previous steps or iterations can be included to finally come up 
with the best solution or better said, with the best compromise.

The next sections describe how the PICO framework can be embedded in the 
geodesign framework. The sections are divided according to the six steps from the 
geodesign framework and respond to the ‘why’, how’ and ‘what’ questions for the 
PICO framework. Fig. 4.3 shows the framework steps with questions asked during 
the process.

The PICO framework does not predefine a fixed process; it only provides a basis 
for making decisions about energy systems by offering data and tools. It is expected 
that during the design process new questions will arise and additional data and tools 
will be needed and included. In this way PICO will provide a framework for sus-
tainable energy design which can be used ‘stand-alone’ but can also be embedded 
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in other processes implementing the geodesign framework. These processes ini-
tially focussing on other issues can conveniently include the energy system as well. 
For example social or demographic problems can be the initial starting point for a 
geodesign process but if needed the tools and data from the PICO framework can 
be included.

The application of the framework usually does not follow a linear process. It is 
conceivable and likely that during the process e.g. new ideas, wrong assumptions 
and unexpected intermediate results are discovered. These discoveries may require 
the process to go back one or more steps leading to non-linear iteration of the geode-
sign steps. Some examples are given in the description of the steps below.

4.3.1 � Step One: The Energy System and Context

The goal of the first step for the PICO framework is to describe the current energy 
system and context of an area. This is used to gain insight in an area, to assess the 
initial opportunities, to identify stakeholders and to inform stakeholders. The data 
needed concern not only data describing the energy network itself but also data 
describing the built environment as a whole, including the social and demographic 
context of the area. A large amount of datasets is available in The Netherlands, 
describing the physical environment. For example the key register of buildings and 
addresses (Ellenkamp and Maessen 2009) describes the footprint, building year, 
area and other relevant attributes of all buildings.

Other important data concern the energy-efficiency of buildings (expressed by 
‘energy labels’ (Van Hal 2007), the presence of renewable energy initiatives, tech-
nological information of renewable energy solutions, and information about regula-
tions and subsidies. Much energy data are available as open data from the Dutch 
government (Fig. 4.4). Other datasets need to be created or complemented.

In case of energy labels, only 30 % of the houses have an energy label—most 
of which are rental houses (WoOn 2013). Based on open data and typical data for 
example house types (AgentschapNL 2011), the expected energy labels from the 
other buildings can be modelled.

Fig. 4.3   Geodesign used for designing a new sustainable energy system.
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All data and information from steps 1 to 3 are made available using open stan-
dards to any tool supporting these open standards. The data is visualized in easy to 
use visualisation tools offered by PICO giving a clear overview of the energy sys-
tem. Stakeholders can use this overview to identify missing data and information.

4.3.2 � Step Two: The Energy Processes and other Processes

Step two inventories the energy processes. What is the energy consumption and 
energy efficiency? How do these processes relate to each other and possibly to other 
processes? In this step dynamic data are collected to describe processes in the energy 
system. For instance energy consumption and generation, but also CO2 emissions, 
which have an important impact on climate change. In The Netherlands, national 
scale data on the average yearly electricity and gas consumption per neighbourhood 
is available as open data at the CBS Statistics Netherlands. At more regional scales, 
energy grid operators like Liander provide open data on energy consumption at zip 
code level5. Furthermore, average energy consumption profiles have been estimated 
for ‘example house types’ (AgentschapNL 2011).

5  http://www.liander.nl/liander/campagne/open_data.htm

Fig. 4.4   Example of accumulated open datasets: buildings and energy labels for buildings.
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4.3.3 � Step Three: Issues and Possibilities Determination

The goal of this step is to identify and evaluate issues and possibilities regarding 
the energy system. Issues can be a mismatch between energy efficiency and energy 
consumption, like areas using more energy than is expected looking at the energy 
efficiency and social context. Possibilities are the potentials for energy savings 
and energy production in the specific area. These potentials can be estimated using 
GIS analysis or modules of energy models such as the Quick Urban Energy Scan 
(QUES; Celie et al. 2011) and Vesta (Folkert and Wijngaard 2012). Furthermore 
exploring ideas of the people of the place can lead to new possibilities and issues 
eventually leading to boundary conditions used for the scenarios.

4.3.4 � Step Four: Scenario Definition

In this step it is decided how the energy system can be altered. Based on the energy 
potential maps and boundary conditions set by the involved people and organisa-
tions in the previous steps different scenarios for an energy transition in an area are 
inventoried and selected. Two different types of scenarios are distinguished: design 
scenarios and future uncertainty scenarios. The design scenarios are the geographic 
interventions that can be taken in the area. Examples are the designated areas for so-
lar panels or windmills and the design of energy efficient morphologies (buildings 
or neighbourhoods). The future uncertainty scenarios are possible external develop-
ments like increasing energy prices or demographic developments. The determina-
tion of the aspects which are uncertain and important to model is carried out in this 
phase with the participation of stakeholders. The scenarios will be stored and can be 
used as input when going back to the previous steps.

4.3.5 � Step Five: Modelling the Impacts of Different Scenarios

The impacts of the selected scenarios are subsequently calculated in step five of 
the framework. Energy simulation models are used in this step. Models like the 
aforementioned QUES and the Vesta models assess impacts of energy-reducing and 
generating measures in buildings (e.g., isolation, PV) and at a regional scale (e.g., 
geothermal energy), in terms of for example CO2 emission, energy consumption, 
and investments. The results of this step can be used for decision making (step 
6) but also for going back to the scenario definition if the results do not meet the 
expectations. They can also be included in step 1 for a new iteration of the design 
process. Tools supplied by the PICO framework will include user interfaces to eas-
ily control the models and to visualize the results in maps and diagrams. The results 
can also be included in other tools such as Microsoft Excel allowing people to use 
the results in their own models.
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4.3.6 � Step Six: Evaluation of Different Impact Scenarios by 
Multiple Stakeholders

The impact analyses are carried out preferably at the location, with the stakeholders 
present, and are immediately available for analysis and evaluation with the infor-
mation used before. Depending on the implementation of models the results will be 
available real-time or within a few minutes. The results of the impact analyses are 
discussed with all involved organisations and people. Not only the results, but the 
complete process from inventory to scenario definition will be used for discussion 
to ultimately reach a mutual understanding of the interventions needed. The end 
result of this step will be a decision. This is not necessarily a linear step. It is con-
ceivable the process will step back to for example the scenario definition or issue 
and possibilities definition. Also the decision made will often not be a final decision 
but input and starting point for a next iteration of the process.

4.4 � Architecture of the PICO System

As stated by Ervin (2011) no single software product or approach will suffice to 
support a geodesign process. The geodesign system requires a combination of tools 
and techniques. The system cannot be implemented by perfecting one particular 
software product. It is needed to design a system that supports interoperability and 
modularity to support the required flexibility. Infrastructures in the geospatial do-
main, commonly known as SDI’s or Spatial Data Infrastructures (Williamson 2004) 
are implemented based on this approach.

4.4.1 � Conceptual Architecture

Figure. 4.5 shows the conceptual architecture of the PICO system. The infrastruc-
ture of the PICO system is implemented using concepts and standards of SDI’s; like 
most current SDI’s the PICO system is based on service oriented architecture. The 
interfaces and formats of these services are implementing the open standards and 
specifications from the OpenGeoSpatial Consortium OGC (Percivall 2003).

4.4.2 � Services

The tools (or clients) will be using services supplied by the PICO system. These 
services supply the functionality to the tools giving standardized access to the data 
and models. The data (maps and features) and models can be accessed using the ap-
propriate specifications from the OGC, like Web Mapping Service (WMS) for map 



66 S. Fruijtier et al.

portrayal, Web Feature Service (WFS) for feature querying, retrieval and storage 
and Web Processing Service (WPS) for handling model requests and results. The 
data and functionality are thus not only available to tools developed specifically for 
PICO; also applications from other parties can benefit from the information and 
functionality offered by the PICO framework. This interoperability ensures these 
and new tools can be incorporated within processes supported by the PICO plat-
form.

4.4.3 � Data

The PICO system will offer a large amount of needed datasets. These datasets come 
from a wide range of external sources and other datasets are created within the 
PICO framework. Much of the data is available as open data, while some data can 
have a restricting license. The open data needed is offered in many different for-
mats (e.g. CSV, plain text and even PDFs) and often need to be transformed in 
order to make them available to the services using open standards. Other processes 
implemented by the PICO system are the creation of derived datasets out of other 
datasets. An example is the determination of the type of building (terraced build-
ing, semi-detached house, etc.) based on the geometry of buildings. The result is 
subsequently used for the analysis described before to model the energy label of 

Fig. 4.5   Conceptual architecture of the PICO system.
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a house. Metadata is needed to describe the lineage and quality of the data, which 
is especially important for describing the transformations performed by the PICO 
system. The metadata can also be used to search for specific datasets. Moreover, 
during the workshops it became apparent transparency about the data and models 
is essential for stakeholders to trust the data and models, and ultimately, to trust the 
entire process of designing a sustainable energy system.

4.4.4 � Models

The created designs and defined scenarios can be used as input for the impact mod-
els which can be stored in the PICO system. Models use the boundary conditions 
and scenarios to calculate the impact of the possible choices or scenarios. An ex-
ample is calculating the energy and CO2 reduction when selected energy designs 
are implemented in a certain area. Simulation models are run ad-hoc with boundary 
conditions and parameters set by the geodesign team. These models can be run 
at different scales and for calculating different criteria. Building models calculate 
for example the potential solar production for individual buildings while regional 
models calculate the potential geothermal production for an area. Next to energy 
technology models, financial models can be used in the process depending on crite-
ria set by the stakeholders.

4.5 � Developing the PICO Tools

Each geodesign process step and stakeholder has different needs, requiring different 
system interactions. Therefore, different tools will be designed and developed to 
facilitate the process and stakeholders (Fig. 4.6).

Fig. 4.6   System interactions in the six steps and accompanying tools for different steps and 
stakeholders.
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In the first phase of the project, a web-based energy atlas of The Netherlands will 
be developed showing different data, offering the functionality to query information 
and statistics of specific locations. This allows obtaining for example the mean age, 
total energy consumption, mean energy consumption per household, per m2 and per 
person. In order to enable collaboration and discussion between the different stake-
holders, an application for touch tables will be used to stimulate this collaboration 
and discussion (Hofstra et al. 2008). This application, Phoenix, has already been 
used for spatial planning discussion in different settings (Dias et al. 2013), and will 
be extended to include energy transition planning. In a later phase, the Phoenix ap-
plication will connect to the impact models, so scenarios and ideas from stakehold-
ers can be computed and visualised directly during discussions.

During the execution of the design process, it is expected additional tools may 
be needed during the different phases. Tools supplied by the PICO framework will 
include user interfaces to easily control the models and to visualize the results in 
maps and diagrams. As not all stakeholders need a map-based application during the 
decision-making process, also an Excel based application is developed allowing the 
stakeholder to use their own business models with the data and models from PICO. 
The existing and envisioned tools, serving different stakeholders and phases, will be 
developed and validated based on the existing and on new use-cases. It is expected 
this will almost continuously lead to new and improved tools.

4.6 � Conclusions

Energy transition in The Netherlands, aimed at a reduction of energy consumption 
and an increase of renewable energy, is a complex process for which a framework 
is needed to enable optimal decision making supported by multiple stakeholders. 
PICO meets this need by providing a system based on the geodesign framework that 
facilitates multi-criteria decision making processes for energy transitions.

By going through all six geodesign steps it is assured that most important data, 
processes and options are collected and analysed. The geodesign framework pro-
motes stakeholder involvement from the start of the design process. This results 
not only in the best solutions, satisfying most stakeholders, but also generates their 
commitment to achieve the energy transition aimed for.

The PICO framework provides up-to-date and transparent digital data services 
for The Netherlands (1), supports the definition of ambitions, potentials and sce-
nario’s (2), performs impact analyses (3) and serves as a communication platform 
(4). Each function is associated with different tools or a set of tools. Data and model 
output can be communicated as for example digital maps and Excel files, on differ-
ent devices, depending on stakeholders needs.

The architecture of the PICO system is based on open standards. Different par-
ties can connect to the PICO platform to retrieve data that is otherwise difficult to 
find and maintain. By testing the results in existing and new use-cases, the tools will 
be validated for the different steps in the geodesign framework. PICO will provide a 
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framework for sustainable energy design which can be embedded in other processes 
implementing the geodesign framework.
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5.1 � Introduction: Changes in Spatial Planning

Changes in urban space, occurring both in its center and its outskirts, in recent 
years, tend to accelerate more and more. People are migrating from rural to urban 
areas, which seems to be the most important development of the twenty-first cen-
tury. This process creates sprawling arrival cities, or bedroom communities with-
out any government intervention. Suburban and lower density urban areas seem 
to be less efficient for local environments and are operationally more expensive 
than compact cities (Arbury 2005; Saunders 2010; Thompson 2013). Those changes 
have an impact not only on spatial development but also on social transformation 
(Duany et al. 2001). In post-socialist countries, the phenomenon of sprawling cities 
occurred later than in Western Europe. The causes and effects of urban sprawl seem 
to be quite similar but not completely the same (Pichler-Milanovic et al. 2007). It is 
also hard to define benchmarks for future development according to the desirable 
density because of strong implications on the cultural context (Jenks and Burges 
2004). A major problem in this regard is the knowledge of the mechanism behind 
urban expansion in order to redirect future development towards more sustainable 
forms. There has been a debate in Poland on necessity of monitoring the changes 
in the environment. The debate shows that one of the obstacles in assessing risks 
in land development is a lack of consistent and comprehensive way of monitoring 
the development processes and space transformation at the local level. Thus, the 
authorities cannot efficiently predict or assess the effects of their decisions. As one 
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of the conclusions arising from the scientific discussions on the phenomenon of 
urbanization shows there is an urgent need to create efficient techniques of assess-
ing total impact of urban sprawl (Gutry-Korycka 2005; IGSO 2005). The experts 
of The European Union described it as a “priority task of the Member States of the 
Union” (Kozlowski 2006).

In order to mitigate negative global changes and processes efficiently it is nec-
essary to act in a coordinated way. That is why it is crucial to organize a meeting 
among policy-makers to share opinions about specific spatial problems and to set 
common goals to achieve. Results of such decisions can have an implication for 
global as well as national or regional policy (Thiaw and Munang 2012). This is why 
in 2012, following the United Nations General Assembly Resolution, the United 
Nations Conference on Sustainable Development Rio + 20 (UNCSD) was organized. 
One of its aims was to mark the 20th anniversary of the 1992 United Nations Confer-
ence on Environment and Development (UNCED), in Rio de Janeiro, and the 10th 
anniversary of the 2002 World Summit on Sustainable Development (WSSD) in 
Johannesburg. This meeting gave an opportunity to review directions of efforts and 
actions which are taken. Referring to sustainable cities and human settlements final 
report of UNCSD says that there is a need for a holistic approach to urban develop-
ment and human settlements. Moreover, participants committed themselves to pro-
mote an integrated approach to planning and building sustainable cities and urban 
settlements, (…) and enhancing participation (…) in decision making. Regarding 
to technology they recognized the importance of (…) reliable geospatial informa-
tion for sustainable development policy-making (United Nations 2012). According 
to those conclusions it is relevant to create a system which will assist spatial plan-
ning by monitoring and assessing urban development and at the same time support 
stakeholders in decision-making by giving them reliable and accurate information.

Frameworks for spatial policies impact the real estate market. Master plans give 
the parameters and conditions on how each plot can be developed. All details which 
are included in spatial planning documents (e.g. houses volume, soil sealed and 
biologically active ratio, rain water management system) have an impact on design 
and adaptation to the local natural conditions by available patterns (Alexander et al. 
1977). Those patterns can have an impact on landscape integrity (Nassauer 2012), 
which refers to a complete and undamaged system (Morrison 2007; Su et al. 2014). 
Regional planning bodies and all planning authorities should propose provisions 
for new development, its spatial distribution, location and design to limit negative 
impacts. New development should be planned to make an opportunity for decen-
tralized and renewable energy. It should be also planned to minimize future vulner-
ability to a changing climate (Wilson and Piper 2010). According to Steinitz’s opin-
ion (2012) those actions (here: spatial policies) can solve large, complicated and 
significant problems ranging from a neighborhood to a city, landscape or region. 
The management in landscape is not an easy task because of socio-economic im-
plications beyond the environmental impact of all actions (Farina 2000). Combin-
ing design according to environmental issues with regional planning is highlighted 
as an important aspect of geodesign (Paradis et  al. 2013). Treating geodesign as 
a tool to support decision-making highlighted the need for further research about 
construction of those systems, which is much more than just a single optimization 
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analysis (Goodchild 2010). Additionally, they can combine different types of data 
which makes this topic more complex (Keranen and Kolvoord 2014).

5.2 � Decision Support Systems in Spatial Planning

The role of decision support systems in spatial planning is still increasing. Local 
economic systems and communes are transforming from government to gover-
nance. This system depends less on political decisions and a much bigger role is 
assigned to other stakeholders from NGOs or well-functioning public sector (Vries 
2013). Those stakeholders have to know the whole context of decisions to be made. 
It is necessary to give them appropriate data and to present it in a clear and under-
standable way. Public participation is still improving, especially by using virtual 
tools (Tsai and Pai 2014; LeGates 2005). That is why it is necessary to define first 
the construction of a decision support system used in spatial planning processes, to 
facilitate stakeholder involvement.

Efficient monitoring system should be based on indicators characterized by: 
simplicity, relation and synthesis (reflecting relationship with other elements and 
wider background of the phenomena) as well as clear context (showing relations 
between different areas or variants of phenomena). This point of view was noted by 
Czochanski (2009). All those metrics support building models of spatial develop-
ment and environmental changes which are very helpful in defining problems more 
precisely and concepts more clearly (Turner et al. 2001; Kane et al. 2014; Fan and 
Myint 2014). Finally, stakeholders should have appropriate data to know which 
decision will lead to a healthier environment and help to improve the quality of hu-
man life (LaGro 2001; Brown et al. 2014; Tian et al. 2014). There are already many 
indicators to monitor environmental components according to different kinds of 
spatial development (Bhatta 2010; Morales et al. 2013; Lerman et al. 2014; Middel 
et al. 2014; Hardt et al. 2014; Li et al. 2014) but still there are few good examples of 
combining those elements to create one integrated model (Valenzuela and Matarán 
2008). The advantage is that most of those indicators can be applied at the higher 
strategic level, such as in the European Union, to support decision-making on a re-
gional and international scale (Rinne et al. 2013, Sebastien and Bauler 2013).

The examples of integrated systems are for instance European Common Indica-
tors for Urban Environment, Sustainability A-Test, Complete Community Indica-
tors for U.S Towns and Cities (Visvaldis et al. 2013), Key Indicators for Territorial 
Cohesion and Spatial Planning (2013)) or Reference Framework for European Sus-
tainable Cities (2008). The last example (RFSC) is a framework which is now the 
subject of this research and is currently being developed. It is based on sustainable 
development as a fundamental principle shared by the European Union to constant 
improvement in the quality of life and wellbeing of present and future generations. 
Due to RFSC, promoting sustainable urban development is a key element of the 
European Cohesion Policy1. This framework can help to assess spatial as well as 

1  http://www.rfsc.eu/.
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non-spatial components of development. As EU Commissioner for Regional Policy 
Johannes Hahn stated that the RFSC tool is a vital part of our effort to ensure that 
cities of all sizes can play their full role in the achievement of a smart, sustainable, 
inclusive Europe. However, so far there has not been found any published study 
about availability of consistent data. But still, potential future analysis drawn by this 
framework seems to be proper and interesting.

One of the options to create a decision support system is by using ontologies, 
which is an innovative approach in the field of spatial decision support systems. 
In this case, meeting the established decision-making criteria is performed by an 
inference, based on the formalism of description logic (DL). Reasoning includes 
the classification of ontology elements (instances, classes), which meet specified 
conditions. It is worth noting that research in this area is undertaken, mainly due to 
the dynamically developing the Semantic Web. However, this solution is not very 
suitable because of its complexity and it leads to many difficulties in the imple-
mentation by public administration (Lukowicz et al. 2012). The approach based on 
ontologies is not considered in the article, although the authors believe that these 
works can be a promising direction in spatial decision support systems. Tools based 
on classical GIS systems seem to be more effective because of easier navigation 
for people who are not specialists in informatics. The discussed system is Com-
munityViz, an extension of ArcGIS Desktop. It has two main components: Sce-
nario 360 and Scenario3D and it is to support stakeholders to make decisions in 
the planning process. It may be helpful in many procedures like: evaluating future 
traits defining the area and factors affecting local community, carrying out experi-
ments with hypothetical scenarios, performing parametric assessments, modifying 
assumptions of spatial calculations, presenting visual effects of suggested actions, 
making decisions based on extensive information and finally, connecting your work 
with three-dimensional pictures. As U.S. experience shows, provided that the sys-
tem is operated by skillful staff, CommunityViz can be an efficient tool supporting 
decision-making (Walker and Daniels 2011). Secondly, it has been shown that the 
software is simple, thus it can be successfully used not only by specialists2. This 
research shows the possibility of applying a decision support system to the Polish 
spatial planning system in accordance with available data.

5.3 � Methodology and Research Area

Research presented in this chapter contains the final result of the project about 
environmental impact assessment of unsustainable development of large cities, 
which was prepared for the Ministry of Science and Higher Education (grant no. 
NN305384838). Preliminary results were already presented before (Kazak et  al. 
2013a; Kazak et al. 2013b). This chapter contains analysis of the final results as 
well as experiences based on the conducted workshops with the use of the model.

2  http://placeways.com/communityviz/gallery/casestudies/pdf.
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The research has been taken in Wroclaw and surrounding rural municipalities lo-
cated around the city. Wroclaw is the historical capital of Silesia and the largest city 
in western Poland. Today, Wroclaw is an important city in Poland with over 650,000 
citizens, second after Warsaw. The total number of citizens in Wroclaw Larger Ur-
ban Zone is about 780,000. Research was taken on local spatial development poli-
cies for City of Wroclaw and municipalities located in the suburbia of Wroclaw: 
Kostomloty, Miekinia, Oborniki Slaskie, Wisznia Mala, Czernica, Dlugoleka, Katy 
Wroclawskie, Kobierzyce, Siechnice, Zorawina and Kostomloty.

Spatial planning documents from all the communes were converted to digital 
versions in vector format (Fig. 5.1). This data together with statistical assumptions 
became a source for calculations presented in this chapter. All formulas for ho-
listic assessment were created in a decision support system—CommunityViz. To 
make the assessment suitable for the needs of shaping sustainable development the 
indicators are describing demographical, economic and environmental impact of 
development.

The main objective of this research was to evaluate the impact of different growth 
scenarios by indicator-based assessment. Discussion on strategies of Wroclaw LUZ 
development were based on a diversity of spatial and non-spatial data including 
cadastral landuse, demographic changes, consumption of natural resources, energy 
and waste consumption, approximate load of the road network, as well as statistical 
data, including latest census results from National Statistical Office. Eleven mu-
nicipalities provided their land-use plans differing in terms of level of abstraction 
and the meaning of definitions of landuse designations. The plans created the uni-
fied landuse zoning plan for the region and it became the foundation of the project. 
The dataset presented horizontally includes 5748 planned landuse polygons (UAZ). 
CommunityViz Version 4.1 and ArcInfo 9.3.1 interpreted the polygons into a com-
mon landuse model.

Unlike the UrbanSim3 (software-based simulation system for supporting plan-
ning and analysis of urban development, incorporating the interactions between 
land use, transportation, the economy, and the environment) and TRANUS4 (soft-
ware which simulates the location of activities in space, land use, the real estate 
market and the transportation system), that can run dynamic analysis of complex 
urban systems, CommunityViz is not operating on an integrated urban model. As 
a tool, it is similar to “what if” sketch planning. It is static in time. But at the same 
time, due to dynamic attributes of CommunityViz characteristics, it can be helpful 
in developing an open modeling framework. The basis of the mentioned attribute is 
formula that specifies the way the attribute is calculated. Any change in the analysis 
results in automatic updating of the value. Any kind of information or data like: the 
area function, mix of use or distance to the nearest infrastructure reevaluates every 
single land-use plan unit. The study area was described by 27 land-use predefined 
models (Fig. 5.2) which were given a name, symbols and detailed characteristics 
(set of attributes, many of them dynamic) representing building density, mix of use, 

3  http://www.urbansim.org/.
4  http://www.tranus.com/.



76 J. Kazak et al.

 

Fig. 5.1   Conversion of local development polices
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resources utilization rates etc. While using Scenario Sketch tools of CommunityViz, 
by selecting each object, polygon is defined as a specific landuse. This operation 
change not only the color on the map but also all specified characteristics accord-
ing to the landuse (attributes and values). New values which correspond with each 
object, change the parameters of calculations automatically. It is possible to use all 
landuse models provided with statistical characteristics predefined by the user.

Fig. 5.2   Models used in research
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CommunityViz is a framework for defining indicators of Wroclaw LUZ. The aim 
of indicators construction is to measure accumulated impact of spatial development 
plans and other modifiable scenarios. They ensure a cumulated measurement, based 
on each polygon landuse (attributes and values). The list of the indicators describ-
ing the demographic changes, build-out capacity under different zoning regulations, 
natural resources and energy consumption, waste production and increase of the 
indicative amount of cars as well as the number of their daily trips are presented in 
tabular form below (Table 5.1). Selected indicators were chosen by methodology 
based on four aspects. The first is accuracy which reflects if each indicator is built 
in a correct way and will be relevant. The second is directionality which shows 
if the changes of values are clearly understandable by the users. Reliability is the 
third feature which reflects if data used for those calculation are credible and data 
sources are easy to use. The last aspect is cost-effectiveness. Indicators which need 
additional data collection have a low level of cost-effectiveness in contrast to those 
which are using administration registers or documents as well as analyses of sta-
tistical offices. Indicators with the highest scores were taken into consideration in 
creating an indicator-based assessment of the model.

The purpose of defining an alternative, more conservative growth scenario with 
more concentrated development presented by higher density in already existing 
developed areas, (Fig.  5.3) was demonstrating the technical feasibility of Com-
munityViz. Using the second scenario as a comparison led to better evaluation of 
the potential of the current growth plan. Two variants are presented in Fig. 5.3. A 
more sustainable scenario on the right and current growth on the left. Designations 
of used symbols are presented in Fig. 5.2. The values of indicators are shown in 
Table 5.2.

The assessment of current policy revealed that the area where already 780,000 
people are living is designed for over 2,600,000 citizens. Since the beginning of 
this century population of Wroclaw has been slightly decreasing (around 630,000 
citizens in 2011), while suburban municipalities noted an increase at the level of 
approximately 25–30 % (around 150,000 citizens in 2011). Comparing spatial poli-
cies to demographical trends it seems that spatial development policies are highly 
overestimated. That is why it is crucial to support stakeholders to improve those 
policies and focus on those investments which can be useful for people. The model 
cannot replace stakeholders decisions but it can help them by assessing spatial 
policies in a quantified way. The point of creating revised policy in this research is 
not to find optimum policy of future development, but to show the way of changes 
which can lead to more sustainable solutions. According to contemporary changes 
caused by urban sprawl of Wroclaw, it was decided that revised policy should lead 
to reduction of transportation needs of citizens. That is why one of the biggest 
effort was concentrated on selecting those single-family housing areas which are 
not developed right now. Reclassification of those polygons into present landuse 
(mostly agriculture land, rarely forest) updated simultaneously values of all indi-
cators. Because of the different assumptions defined in each landuse model (e.g. 
density specified by the number of people per hectare) reclassification of each 
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polygon can cause different changes. The easiest way to reduce the number of citi-
zens would be reclassification of multi-family housing area, because of the higher 
density. However, because of the defined goal to reduce transportation needs, the 
benchmark was to maintain more density housing area in the city (existing as well 
as the newly designed).

Indicator name Description
Citizens Total number of inhabitants.
Households Total number of dwelling 

units.
Children Children up to 19 years old.
Commercial area Total commercial floor area.
Jobs Total number of commercial 

jobs.
Income tax Tax (PIT income tax) revenues 

for local commune budget.
Water consumption Total water use associated with 

residential buildings in landuse 
plan layer.

Wastewater production Waste water associated with 
residential buildings in landuse 
plan layer.

Energy 
consumption—households

Total annual energy used by 
residential buildings for all 
applications, including elec-
tricity and heating.

Energy 
consumption—commercial

Total annual energy used 
by commercial buildings in 
landuse plan layer for all appli-
cations, including electricity 
and heating.

Motorized trips Total number of motorized 
trips taken each day, on aver-
age, by residential households 
(dwelling units).

CO emission Total carbon monoxide emis-
sions generated by vehicles 
associated with residential 
buildings in landuse plan layer.

CO2 emission Total carbon dioxide emissions 
generated by vehicles associ-
ated with residential buildings 
in landuse plan layer.

Hydrocarbon emission Total hydrocarbon emissions 
generated by vehicles associ-
ated with residential buildings 
in landuse plan layer.

NOx emission Total emissions of oxides of 
nitrogen generated by vehicles 
associated with residential 
buildings in landuse plan layer.

Table 5.1   List of calculated 
indicators
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5.4 � Results and Qualitative Analysis

As a result of reclassification made in revised policy scenario the number of popula-
tion decreased by almost 500,000 citizens. The total housing area was reduced by 
around 50 % while the number of citizens decreased by almost 20 %. Such a change 
can be called leverage point as not such a big reduction of human development (in 
the number of new citizens) caused comparatively big profit for natural environ-

Table 5.2   Indicator-based comparison of two scenarios
Indicator Units Current policy Revised policy
Citizens People 2,609,681 2,113,624
Households Households 819,305 665,376
Children People 1,073,127 864,943
Commercial area Thousands of square meters 158,977 123,000
Jobs People 1,894,185 1,474,444
Income tax Million PLN 1951.64 1620.70
Water consumption Cubic meters per day 269,856 212,517
Wastewater production Cubic meters per day 212,866 167,627
Energy 
consumption—households

Million btu per year 75,539,933 61,347,659

Energy 
consumption—commercial

Million btu per year 155,720,831 120,480,035

Motorized trips Trips per day 2,212,124 1,796,515
CO emission Tons per year 12,111 9836
CO2 emission Tons per year 238,594 193,768
Hydrocarbon emission Tons per year 2665 2164
NOx emission Tons per year 1817 1475

Fig. 5.3   Spatial comparison of two scenarios
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ment by maintaining open spaces. It is very important from the point of view of 
contemporary urban sprawl impact like landscape fragmentation or soil sealing. 
Changes in landuses also had an impact on the reduction of water or energy con-
sumption, wastewater production and the number of motorized trips. Additionally 
shorter distances, caused by more dense development, decreased average length 
of a motorized trip. That is why emission caused by transportation reasons also 
became smaller.

The model which is presented in current article was shown to the local adminis-
tration to highlight effects of current spatial policies. Mayors of three municipalities 
declared that they are interested in organizing workshops with use of Communi-
tyViz for development departments in their offices. At this moment cooperation 
with local administration was based on presenting results of those calculations. So 
far the workshops for a group of stakeholders have been taken for NGOs and for 
participants of a scientific conference. Those experiences seem to be helpful in pre-
paring similar workshops for local administration. Further steps assume preparation 
of different interactive workshops based on the problems and questions defined by 
participants as well as issues which administration has to face resulting from imple-
mentation of new strategies, policies and plans. This way of supporting decision-
making process should lead to working out integrated and coherent spatial policy. 
The feedback received from workshop confirmed the usefulness of the model. First 
of all, analyses of current growth scenarios help to interpret the regional planning 
decisions. Another point shows that there is no balance between the infrastructure 
and landuse for development, as a result too much land is planned for development 
which is not realistic. Finally, Polish spatial planning system does not promote con-
strains to the problem of urban sprawl. The use of CommunityViz while presenting 
the model to the local administration as well as organizing interactive workshops 
highlighted advantages and disadvantages of that system. Participants filled in eval-
uation questionnaires which helped in assessing the features of that tool. Regarding 
simplicity of use, 40 % of participants declared that CommunityViz is rather easy, 
the rest of them said that it is easy or very easy. 90 % of them said that results are 
presented in a good way, so they are easy to understand. Only 10 % of participants 
have a negative opinion about a speed of data processing. As far as the results of 
the questionnaires are concerned the biggest obstacle in using that tool is the price 
(70 %), the next once are: lack of licenses for ArcGIS (55 %) and lack of skills to 
work in GIS (30 %). Most of the participants said that CommunityViz rather meets 
(75 %) or meets (15 %) user’s expectations. Based on the evaluation questionnaires 
and workshops it can be concluded, that the use of that system should not be done 
by a person who does not have any experience in using GIS software. It seems 
very important to provide an expert for workshops to implement suggestions made 
by stakeholders into a model. Knowledge of this GIS expert might be very useful 
also during preparation of formulas of new indicators. Experiences from workshops 
show that participants can report the need of calculation of another indicator than 
those which were prepared in advance in the model. The big obstacle in Polish con-
ditions is also lack of unitary parameters which are used in calculations. Knowledge 
about those values is essential because they are used as assumptions in formulas. 
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Finally, the most time-consuming obstruction is that spatial data (e.g. spatial poli-
cies, master plans, etc.) are not prepared or stored in any standard format. However, 
participants of workshops stressed that results of calculations were easy to interpret. 
Moreover, simultaneous change of indicator values for all scenarios showed the 
impact magnitude due to modifications. Furthermore, modification of assumption 
values or each landuse was intuitive. That is why participants could do it on their 
own which made them more involved in the workshop. Eventually, multi-scenario 
comparisons helped to make the problem less complex. Presentation of all the infor-
mation side-by-side made it easier to compare spatial distribution of each landuse as 
well as numeric data. CommunityViz also provided the opportunity to compare all 
indicators on the charts, where a user did not have a chance to manipulate the scales. 
That helped to reduce communication risks caused by misinterpretation.

5.5 � Conclusions

Implementation of the idea of sustainable development into spatial planning indi-
cates a new approach in constructing future development visions and plans. One of 
the main issue is to understand the effects of human impact on natural environment. 
In parallel, the systems of such assessments should be possible on the over-local 
level which will make different spatial policies comparable. The model of spatial 
policies of Wroclaw LUZ, constructed in CommunityViz, proved that those docu-
ments are not suitable to the needs of the society and can cause adverse effects. 
Ability to modify the model allowed to revise policies by changing selected landus-
es and simultaneously assessed the impact of that development. As a result of work-
shops, where the main goal was to create compact region development, participants 
revised Wroclaw LUZ policies. Finally, many indicators have changed their values, 
which made the policies more realistic. The most notable change was decrease of 
the number of future population by almost 500,000 citizens. The aim of this work-
shop was to present the tool which can be useful in optimization of spatial policies 
and to show the way of possible changes to make those documents more realistic.

There are many techniques and tools that can be used to assess the impacts of 
spatial planning for geodesign. One of them is a GIS environment called Com-
munityViz, a reliable and efficient tool for forecasting, assessing parametric val-
ues (based on statistical assumptions) and monitoring spatial transformations. The 
participants of the workshop presented in their final feedback that such a model is 
helpful in solving many local problems, because CommunityViz is easy to use and 
clearly outlines the results of the planned activities. The participants pointed out 
that the scenarios with different alternatives to current spatial policies and impact 
of planning on the environmental capacity (the ability of absorbing new develop-
ment by the ecosystem services) might be helpful before making a final decision 
on possible changes to the functional areas. The geodesign process with Communi-
tyViz allows governments to estimate the potential of water or energy consumption, 
waste production, estimated load of the road network and many other features of 
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the freely-defined demographic trends. Dynamic construction, analyses of impacts 
of various scenarios with indicators which are a combination of geoinformation 
and user-defined assumptions, simultaneous calculations and visualizations with 
modified assumptions—these are advantages of the method. The biggest obstacles 
in using CommunityViz are: the availability of proper data, the cost of the tool and 
the skills to operate in GIS. However, data in Europe are constantly improving by 
implementation of INSPIRE directive. Moreover, GIS is becoming very popular so 
more and more users have good skills to use it. As far as the financial obstacle is 
concerned, it might be worth thinking about equivalent of CommunityViz for open 
source GIS programs. Features of the model prepared in CommunityViz indicate 
that it can be useful in implementation of strategies and acts of law in the assess-
ment of development policies.
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6.1 � Introduction

Urban development is a complex dynamic process that is characterised by sub-
stantial spatiotemporal variation. Growth and decline coexist within neighbouring 
regions at short distances from each other. In the Netherlands, for example, popula-
tion and employment are expected to grow in the so-called main-, brain- and green-
ports, whereas a decline is expected between these regions and, especially, in more 
peripheral parts of the country (PBL 2011). This makes steering urban expansion 
and intensification important policy issues in many regions, while preparing for 
decline and urban restructuring have become hot topics in others. These processes 
are driven by various interacting and sometimes even conflicting societal and eco-
nomic forces that may impact regions differently. Globalisation, for example, is a 
dominant socioeconomic force that is associated with changes in the production and 
employment structure of countries and regions. It brings business opportunities and 
foreign investment to some regions. But at the same time, globalisation is partially 
responsible for rapid reductions in employment and outflows of high-skilled people 
in other regions. Both developments lead to increased differences between regions 
and give rise to the societal and political desire for regionalisation that emphasises 
‘own’ identity and local interests and tries to limit globalisation (CPB et al. 2006).

Also on the governing side, we witness opposing forces: societal concerns such 
as safety, accessibility and economic development call for active and preferably cen-
tralised government control, but at the same time central government is increasingly 
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delegating its responsibilities to lower tiers of government (Kuijpers-Linde 2011). In 
fact, attention is shifting from government to governance and societal organisations 
(including businesses and non-governmental organisations) and individual citizens be-
come more important in decision-making processes (Roodbol-Mekkes et al. 2012). This 
process of change is especially apparent in the renowned Dutch spatial planning system 
that is currently being stripped from its most prominent features, as top-down restrictive 
zoning polices and urban concentration polices are being abolished (I&M 2011; Kuiper 
and Evers 2011b). Also the underlying principles of distributive justice and solidarity 
between regions are being removed from spatial planning and the related allocation of 
funds. This is directly relevant for the management of regional population decline as 
it implies that classical, costly interventionist urban restructuring policies will not be 
feasible and calls for the development of other, more innovative strategies. The outcome 
of the ongoing and partially conflicting societal and economic processes is uncertain 
and can differ per region. Which processes dominate and prevail in a certain region and 
how governmental interventions of different governmental levels can help steer these 
developments is unclear.

This paper explores the extent to which an operational, much applied land-use 
model can support current planning issues. It starts by briefly introducing the land-
use model that is used and then goes on to discuss three recent applications related 
to sustainable urban development. Based on these applications we discuss their 
potential role in a more iterative geodesign process and suggest possible improve-
ments in the application of land-use models.

6.2 � An Operational Land-use Modeling Framework

Models of land-use change can benefit the geodesign process as they help assess 
potential changes in land-use patterns that may result from general socio-economic 
or biophysical changes, proposed policies or spatial developments. They have be-
come an established tool to help prepare and support spatial planning and can, for 
example, help formulate adequate spatial policies by simulating potential autono-
mous spatial developments or, perhaps more importantly, by showing the possible 
consequences of different policy alternatives. So they sketch the future context that 
decision makers have to take into account and they provide an indication of the 
spatial impacts the proposed policies or developments may have.

The Land Use Scanner model we apply here has its roots in economic theory. 
It simulates the competition between urban, natural and agricultural types of land  
use and thus offers an integrated view on spatial development. It was developed 
in 1997 and has been applied in many policy-related research projects in the 
Netherlands and abroad (e.g. De Moel et al. 2012; Hoymann 2010; Koomen et al. 
2011; Te Linde et al. 2011). The model’s basics and recent applications are described 
in a book that also contains numerous references to other publications (Koomen and 
Borsboom-van Beurden 2011).
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Many applications visualise potential spatial patterns associated with specific 
scenario conditions or policy interventions. In that respect it is comparable to well-
known rule based simulation models such as the original California Urban Futures 
(CUF) model and the What If? system (Landis 1994; Klosterman 1999). The model 
proved to be an especially valuable tool to inform policy makers about potential 
future developments in the context of strategic, national planning (Schotten et al. 
2001; Borsboom-van Beurden et  al. 2007). Other applications include ex-ante 
evaluations of specific policy alternatives, such as new locations for the Dutch na-
tional airport (Scholten et al. 1999) or strategies to limit flood risk (Van der Hoeven 
et al. 2009). More recently, the model was applied to help regional authorities for-
mulate strategic visions for their territory (Jacobs et al. 2011; Koomen et al. 2011) 
and assess the potential for specific biofuel crops to help mitigate climate change 
(Kuhlman et al. 2013).

Demand and supply of land are balanced in the model using: (1) regional pro-
jections of land-use change (demand); (2) local definitions of suitability; and 
(3) an algorithm that allocates land (cells) to those land-use types that have the 
highest suitability, taking into account the regional land-use claim. Demands for 
land are specified for each land-use type and can be derived from, for example, 
sector-specific models of specialised institutes or policy-based ambitions. The lo-
cal (cell-based) specification of suitable locations for the different land-use types 
typically incorporates many different spatial datasets referring to current land use, 
physical properties, operative policies and market forces generally expressed in 
distance relations to nearby land-use functions. Two different allocation algo-
rithms are available that allocate land use either as fractions per cell (reflecting 
probabilities) or in a discrete way (filling each cell completely with one, most 
optimal type of land use).

6.3 � Planning-Related Applications

To be able to understand the applicability of a land-use model in context of 
geodesign we briefly describe three recent applications that share the following 
characteristics. First, they deal with sustainability impacts of urban development 
like, for example, the loss of open space or the increased exposure of urban areas to 
flooding. Second they relate to contemporary planning issues, addressing questions 
as: what is the likely impact of decentralising the responsibility for spatial planning 
on future urbanisation patterns? To which extent is urban intensification possible 
to limit the ongoing expansion of urban areas? How will flood risk develop in the 
coming decades following socio-economic and climatic projections? Thirdly they 
reflect the three different types of applications generally found in planning related 
studies: what-if type of simulations, trend-based extrapolations and scenario studies 
(Koomen et al. 2008b).
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6.3.1 � Assessing the Impacts of a New National Spatial Policy

In 2011 the Dutch Ministry of Infrastructure and Environment formulated a new na-
tional spatial strategy that in many aspects differed substantially from its predeces-
sors (I&M 2011). To simulate the possible future urbanisation patterns that might 
arise from the proposed policy change, Land Use Scanner was applied. These simu-
lations were performed as part of the formal Strategic Environmental Assessment 
report and are briefly described here. For more information about the policy context 
and expected environmental impacts the reader is referred to the actual assessment 
report (Elings et al. 2011) and a dedicated publication (Koomen and Dekkers 2013).

The new national spatial strategy proposed three major changes in national spa-
tial policy that are likely to affect land-use patterns:

1.	 abolishing national urban concentration and transformation policies;
2.	 limiting the extension of the National Ecological Network;
3.	 emphasising internationally unique cultural historic landscape values of, for 

example, UNESCO world heritage sites, abolishing buffer zones and decentral-
ising national landscapes.

The outcome of these policy changes is by no means certain. Especially the impact 
of decentralising the responsibility for the National Landscapes is difficult to as-
sess: provinces may decide to ease, continue or reinforce the current restrictive 
planning regime in these areas. This uncertainty is captured in the simulations by 
showing two potential, extreme outcomes: a reference situation in which current 
policies are fully maintained and a new policy alternative in which they are abol-
ished. Neither outcome is necessarily more likely, but together they show the po-
tential bandwidth of impacts. This scenario-based approach is common in strategic 
planning (Dammers 2000) and decision making (De Ruijter et al. 2011), but virtu-
ally absent in environmental assessment reports.

The table below summarises the main policy objectives and the associated spa-
tial implications for the reference alternative and the new policy alternative grouped 
per policy domain (Table 6.1). These assumptions were translated in model input. 
First to obtain region-specific projections of the demand for new residences and 
business estates for each alternative in 2040. In a second step these regional de-
mands were fed in Land Use Scanner together with alternative-specific, spatially 
explicit assumptions for local suitability related to, for example, the presence (or 
absence) of specific policy restrictions. PBL Netherlands Environmental Assess-
ment Agency performed these model simulations as part of their ex-ante evaluation 
of the new policy report (Kuiper and Evers 2011a).

Figure 6.1 shows the simulated increase in urban area for both alternatives. It 
contains new urban areas according to current policy, new urban areas according 
to the new policy alternative and new urban areas according to both alternatives. 
The latter locations are likely to become urbanised irrespective of any changes in 
spatial policy. To represent the inherent uncertainty of the simulation outcomes, the 
outcomes are not directly shown at their initial, detailed 100 m resolution, but pro-
cessed to highlight concentrations of similar values in within a 500 m environment.
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The presented simulations offer indicative, almost caricatural images of potential 
changes that do not allow detailed impact assessments with environmental impact 
models. Yet, these simulations integrate the potential implications of domain-specific 
policies and help visualising the regional accumulation of the impacts associated with 
individual policy measures.

6.3.2 � Comparing Trends and Ambitions in Urban Intensification

The second example of a land-use model application related to urban development 
focuses on the difference between policy ambitions and reality with respect to ur-
ban densification. Policy ambitions for the containment of urban development are 
ambitious in the Netherlands as is evident from national and local objectives to con-
centrate residential development within existing urban areas (VROM et al. 2004; 
Keers et al. 2011). These ambitions are formulated as target shares of the total net 
increase in housing stock that should be realised within designated urban area con-
tours. A GIS-based analysis of local changes in housing stock between 2000 and 
2008 shows, however, that especially in the already densely-populated western part 
of country, the realised urban intensification shares are below the specified ambition 
levels (Koomen et al. 2015).

Using these observations in combination with projections of the regional in-
crease in housing stock we are able to define the land demand for new urban area 
in 2020. Using Land Use Scanner we then simulate urban development until 2020 
according to two policy alternatives. In the first policy alternative, growth in urban 
area is based on policy ambitions, while in the second this is based on observed 
trends in the last decade. The urban area demand is calculated in two steps: first 

Table 6.1   Overview of the main objectives and expected spatial implications of the reference 
alternative and the new policy alternative grouped per policy domain
Policy aspect Reference alternative New policy alternative
1 Urban development Bundling zones and transforma-

tion zones maintained: 30 % 
of new residences built within 
current urban areas

Bundling and transformation 
zones abolished: 20 % of new 
residences within current urban 
area

Location of new residences 
steered by supply

Residential preferences and 
accessibility (demand) dominate 
location of new residences

2 Nature development National Ecological Net-
work fully realised in 2018: 
100,000 ha nature extra

Limited version of National 
Ecological Network: 20,000 ha. 
extra

3 Unique landscape values Buffer zones and National Land-
scapes limit urbanisation

Buffer zones abolished, limited 
impact National Landscapes

National Ecological Network 
and Natura2000 areas limit 
urbanisation

Only international obligations 
limit urbanisation (UNESCO, 
Natura2000)
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the intensification share (based on either the observed values or the policy ambi-
tions) is subtracted from the regional housing demand to account for those houses 
that are expected to be realised within the urban area that exists in the base year of 
simulation. The remaining share of houses is expected to form new urban areas. In 
the second step the size of these areas is determined by dividing the correspond-
ing number of houses by the residential densities observed in the urban extensions 
formed between 2000 and 2008. To account for uncertainty in the regional increases 
in number of houses we explore two alternative scenarios: Global Economy (GE) 

Fig. 6.1   Simulated changes in built-up area for the new national spatial strategy and current pol-
icy. (Adapted from Elings et al. 2011); colour intensity expresses expected degree of urbanization)
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and Regional Communities (RC), provided by the TIGRIS XL model (Significance 
and Bureau Louter 2007; Zondag and Geurs 2011). These projections were made 
by PBL Netherlands Environmental Assessment Agency for the Delta study (see 
Rijken et al. 2013). The GE scenario assumes a higher population growth and stron-
ger decrease in average number of people per household than the RC scenario and 
thus shows a higher net demand for new dwellings.

Growth is still expected in many parts of the country for the coming decades, 
but the projections differ substantially for individual regions (PBL 2011). Popu-
lation decline is expected in several, mainly peripheral regions. This trend is 
already observed in some municipalities in border regions in the northeast, south-
east and southwest. High growth is mainly expected for regions located within the 
densely-populated and already highly urbanised areas, forcing local policy makers 
to stimulate higher densities in urban development, preferably within the existing 
urban fabric. In the regions with population decline, ambitions regarding urban in-
tensification are high for a completely other reason: more compact urban forms 
are expected to be better able to maintain current urban facilities levels (i.e. shops, 
restaurants, public services, etc.).

Figure 6.2 shows a snapshot of our simulations results for the centre of the coun-
try that faces substantial urban growth according to the GE scenario. These simula-
tions are obvious simplifications of reality. For instance, we have only included a 
limited number of suitability maps and land-use types for these simulations, and no 
additional land-use demand for land-use types other than urban area and nature. The 
upper-left map presents the main land uses in the central part of the Netherlands in 
2008. The urban footprint of the Randstad cities is displayed clearly.

The simulation result of the GE Trends alternative is displayed in the upper-right 
map. This is the most extreme scenario in terms of new urban extensions since it as-
sumes a high population growth rate and a decreasing number of people per house-
hold with relatively high shares of new dwellings located outside of existing cities. 
The differences between the GE Trends simulation and the 2008 land use map are 
considerable. We see that urban settlements grow together and an almost-fully ur-
banized half-moon encompassing the main Randstad cities emerges. In parallel, a 
large land conversion process takes place in the Green Heart area, where relatively 
small cities increase their urban footprint by means of additional extensions.

The lower maps show the likely urban extension areas in the Ambitions alterna-
tives (left) and the Trends alternatives (right). The expected increase in urban areas 
is shown with a colour intensity that reflects the probability of urban development. 
The maps clearly show that more urban extensification is expected in the GE sce-
nario than in the RC scenario. The GE scenario shows a clear difference between 
the Ambitions and Trends alternatives. Current ambition levels will greatly help 
containing the large urban growth that is expected in the GE scenario. Under the 
more moderate conditions of the RC scenario this difference is less clearly visible.
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6.3.3 � Scenario-based Explorations of Climate Impacts

About a quarter of the Netherlands is situated below sea level. Current urban areas 
are concentrated in these areas, leaving the Dutch urban fabric very much exposed 

Fig. 6.2   Current (2008; upper-left) and simulated (2020; upper-right) land use according to the 
GE Trends alternative and simulated increase in urban area in 2020 for the RC & GE Ambitions 
and RC & GE Trend alternatives
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in the case of flooding. Most built-up areas are protected by extensive flood defence 
systems such as storm surge barriers or levies. Building and, especially, maintaining 
these systems is costly, so investments in these structures are at least partly based 
on the estimated costs of their failure. These costs are typically expressed in terms 
of human casualties, damage to physical property, etc. Such costs offer a descrip-
tion of flood risk and follow from the often distinguished combination of hazard, 
exposure and vulnerability (cf. Turner et al. 2003). Hazard, in this case refers to the 
occurrence of flooding, exposure depends on, amongst others, land use and vulner-
ability is usually described in dose-effect relations that link flood depth to damage 
(Klijn et al. 2007; Van der Hoeven et al. 2009).

Future urbanisation may raise these costs substantially. The question is where, 
when and to which extent flood risk, may thus increase. The Dutch national gov-
ernment is currently reappraising existing protection norms. The aim is to come 
up with a well-informed update in 2014. This reassessment takes place within the 
broader framework of the Delta Programme, a multi-departmental, multi-tier gov-
ernment initiative dealing with a wide range of water related issues.

The challenge is to prepare for investment decisions in flood protection 
(adaptation strategies) that are both efficient and robust, i.e., taking into account the 
likelihood of a wide range of probable extremes regarding future urbanization and 
climate change effects. Yet both climate change and urbanisation are highly com-
plex processes. This is especially true for urbanisation. As indicated in the previous 
sections, urban dynamics are driven by the interplay of a wide range of both autono-
mous (demography, economy) and government-driven processes. The complexity 
rises with the required detail of the analysis. Yet, detail (up to the scale of 1 ha) is 
exactly what is required in this case.

To describe the uncertain context in which the envisaged flood protection mea-
sures must be evaluated the Delta Scenarios project was initiated. A consortium 
of research institutes cooperates in this multi-disciplinary subproject of the Delta 
Programme, to provide a set of scenarios for the Netherlands in 2050. This is done 
following the request of the Dutch Ministry of Infrastructure and Environment and 
the Ministry of Economic Affairs. The scenarios combine both socio-economic and 
climatic components. As for the socio-economic part of the scenarios, two main 
dimensions of uncertainty are distinguished: (1) high versus low economic and 
demographic growth, and; (2) liberal versus restrictive spatial policy. Steam and 
Busy are the high economic and ditto demographic growth scenarios corresponding 
to the Global Economy scenario discussed in the preceding section. Warm and 
Rest are the low growth scenarios corresponding to the Regional Communities 
scenario. On the policy dimension, Steam and Warm are the scenarios in which 
liberal spatial policy is assumed; restrictive policy is presumed to characterise the 
scenarios Busy and Rest. For a more extensive description of these scenarios see 
Bruggeman et al. (2013).

As indicated above, exploring future flood risk requires a high level of spatial 
detail. A similar level of detail is required for other themes of the Delta Programme 
such as fresh water supply for agriculture and nature. Therefore, Land Use Scanner 
is applied to consistently downscale the general story lines composed for the four 
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Delta Scenarios into local level indicators. This process is described by Rijken et al. 
(2013). The resulting land-use simulations provide the input for a wide range of 
(local) indicators, including fresh water demand, soil subsidence, soil sealing and 
flood risk. This section goes into the latter issue, illustrating the specific use of Land 
Use Scanner for exploring future flood risk. The focus is on the added risk emanat-
ing from residential extensions (green-field development). These developments are 
especially interesting as they can potentially be relocated by spatial planning mea-
sures at relatively low cost.

Figures  6.3a, b show a preliminary rendering of the two most extreme Delta 
Scenarios in terms of residential extensions between the year 2008 and 2050. The 
figures show the cells (1 ha) where, according to the scenarios, residential devel-
opment and thus additional exposure is most likely to occur. To get insight in the 
increased flood risk emanating from these extensions local flood hazard is incorpo-
rated in the analysis (Fig. 6.3c). It is expressed here as the probability of flooding 
multiplied by the potential local damage of this event to the average single family 
home, with potential local damage being expressed as a factor, ranging from 0 to 1, 
depending on maximum inundation depth. Subsequently, the additional flood risk 
is calculated by combining this flood hazard with projections on regional average 
house prices for these average homes (that are expected to be the main type of con-
struction) and projected residential densities. Figures 6.3d, e illustrate the results.

The simulations indicate that risk is concentrated in the few areas where resi-
dential extensions, high housing densities (not shown in the figure) and ditto flood 
hazard coincide. The figures also show that areas characterised by high risk are 
rather far and in between. Indeed, these small pockets of high risk are dispersed 
over a number of large flood protection areas (i.e. the areas within the blue lines in 
Fig. 6.3c). This is true for both the liberal, high growth scenario Steam as in the op-
posite Rest scenario—although total risk is evidently higher in Steam.

The dispersed patterns shown in the area selected in Fig. 6.3 can also be ob-
served in other flood-prone parts of the Netherlands. From a flood risk management 
perspective, urban development at less risk-prone areas is preferred. Should that 
prove to be impossible, and should additional flood risk reduction by means of 
further fortification of the large-scale flood defence systems mentioned above be 
considered insufficient or inefficient, Dutch climate adaptation strategies can fol-
low a localised approach tailored to the local idiosyncrasies constituting risk in a 
particular area. This approach would favour custom adaptation measures like, for 
instance, elevated or floating housing, spatial zoning or even evacuation plans. On 
account of the efficiency criterion, it would then be well advised to focus on areas 
in Figs. 6.3d, e showing the highest concentrations of risk. The robustness of the 
required investments would be served if priority would be given to those areas that 
show high risk in at least two scenarios. By way of example, these are marked with 
circles in the Figs. 6.3d, e.



976  Recent Applications of a Land-use Change Model...

Fig. 6.3   Assessing flood risk in 2050 in two Delta Scenarios (d and e) based on a combination 
of exposure (simulated residential extensions; a and b) and flood hazard (c). (All scenario results 
adapted from: Bruggeman et al. 2013)

 



98 E. Koomen and B. C. Rijken

6.4 � Conclusion and Discussion

Land-use simulation proves to be a useful tool in the evaluation of policy alterna-
tives and the exploration of future scenarios. The first example shows that a land-
use model can successfully be used to explore likely outcomes of policy changes in 
a Strategic Environmental Assessment report dedicated to the newly proposed na-
tional spatial strategy for the Netherlands. This what-if type of simulation typically 
relies strongly on expert judgement as it has to describe the impact of policies that 
have not yet been implemented and whose effects cannot be observed. These expert 
opinions can, to some extent, be tested in GIS-based analyses of the effectiveness of 
similar policies as described in other studies (Koomen et al. 2008a). To incorporate 
the notion of uncertainty in our ex-ante policy evaluation we developed scenario-
based simulations of potential impacts of policy changes.

The second example shows that current ambition levels are needed to prevent 
extensive loss of open space. Should urban development (in terms of intensification 
share and extensions’ densities) follow past trends, large-scale urban extensions 
are likely to occur. This is especially true when future socio-economic conditions 
resemble the Global Economy scenario.

Finally, the third case study shows that the Land Use Scanner can be a helpful 
in the field of climate adaptation as well. By simulating future residential develop-
ment at the highly detailed level of 1 ha grid cells, it demonstrates that adaptation 
to flood risk emanating from future residential extension can be limited to highly 
localised strategies like spatial zoning. Cost can be minimised by focusing local 
adaptation strategies on the areas where risk is concentrated. Prioritising the places 
where these concentrations occur in more than one scenario enhances the robust-
ness of adaptation.

The presented, recent Dutch land-use model applications focussed on simulat-
ing future urban expansion patterns. This is for many regions a very real scenario 
and Land Use Scanner is a powerful instrument to explore the impacts of new ur-
ban development in terms of, for example, loss of open space and flood risk. In 
the near future other spatial policy challenges may become prominent. These may 
relate to steering urban intensification in regions of urban growth and urban re-
structuring in regions of population decline (Kuijpers-Linde 2011). Intensification 
has the potential to preserve open space, keep down transportation costs, maximise 
urban economic productivity etc. Effective restructuring, in turn, could minimise 
the damaging effect shrink may have on the economic health of urban areas.

To allow the simulation of processes such as intensification and restructuring 
we are currently incorporating a residential land-use density layer in Land Use 
Scanner. Ultimately, this requires a distinction between actors (residents), objects 
(residences) and land use (residential land) and the addition of information on each 
of these three layers in the model. Initial attempts to incorporate residential density 
(as described in the second example in Sect. 6.3) have treated density change as 
exogenous model input, based on expert judgement and the extrapolation of past 
trends. This implies that, while all kinds of assumptions can be made regarding 
future dynamics on these issues, and numerous local indicators can be derived from 



996  Recent Applications of a Land-use Change Model...

the resulting output, the underlying phenomena remain outside the model, prevent-
ing them to be simulated in an integrated way that is most probably require. Making 
these phenomena endogenous model parameters by incorporating the underlying 
mechanisms into the Land Use Scanner model would at once improve the explana-
tory power of the model regarding these highly relevant policy issues, and enhance 
the detail of the relevant model output (i.e., local density). This would greatly en-
hance the potential for subsequent impacts assessment such as local flood risk as-
sessments discussed in the third example in Sect. 6.3.

Obviously, the presented land-use change model can easily be expanded to ex-
plore other scenarios or strategies, and accommodate additional spatial restrictions 
or other types of development (e.g. agriculture, industry/commerce, recreation). 
Such simulations have been performed as part of other studies focusing on, for 
example, the environmental impacts of a new regional strategic vision (Koomen 
et al. 2011) or the potential for new biofuels in the country (Kuhlman et al. 2013). 
Land-use modelling thus offers a useful contribution to geodesign processes as they 
help describe how the study area operates, and how it is likely to change in the 
future through autonomous developments or implemented policies. In the design 
process of spatially explicit policies and developments they can act as the process 
and change models distinguished in the geodesign framework (Steinitz 2012). In 
addition simulated land-use patterns can be used as input in impact models as was 
demonstrated in the explorations of climate impacts in this chapter.

The presented examples show the application of a land-use model in classic se-
quential planning processes that do not show the iterative character advocated in re-
cent geodesign definitions (Flaxman 2010; Ervin 2011). This is, however, inherent 
to current practice in most planning processes and not characteristic for the applied 
model. In regional applications of the model focussed on developing strategic spa-
tial visions for regional authorities we experimented with a more iterative work pro-
cess (Koomen et al. 2011). In a series of workshops, land-use simulations were first 
created to show expected socio-economic developments in the region, discuss the 
need for policy intervention and provoke the definition of spatially-explicit ambi-
tions and related spatial policies for various planning domains (e.g. water manage-
ment, health and safety). Based on these initial reactions we simulated the potential 
spatial impact of the proposed policies and used these outcomes in joint discussions 
on a more integrated set of policy objectives. In a final simulation run the combined 
set of selected spatial policies was then fed into Land Use Scanner to obtain the re-
quired input for the formal environmental impact assessment procedure. Our land-
use modelling framework thus proved flexible and fast enough to provide input to 
an iterative planning process.

Currently, researchers indeed observe that decision making related to spatial de-
velopment is moving away from a straightforward, sequential process (Roodbol-
Mekkes et al. 2012). Public debates, storytelling, the generation of new ideas (vi-
sioning) and spatial investments are becoming incremental and iterative processes. 
More and more, the debate about regional development takes place in non-related 
discourses. Moreover, the consistency between medium and long term relevant 
policies is becoming weaker or turns out to be absent. Furthermore, many actors 
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are involved that move away from a rational-logical approach to decision mak-
ing. Traditional tools for evaluation and visualisation may not be fully suitable in 
this new context, mainly because they lack the flexibility to change spatial scale, 
time horizon or area selection. They usually are slow in responding to new policy 
strategies and their output is often difficult to understand or even irrelevant for the 
various non-expert stakeholders that are involved in today’s spatial development 
processes. An important element that is absent in most spatially-explicit decision 
support tools is financial information. Especially since the recent financial crises, 
this is a major shortcoming because spatial planning discussions are currently being 
dominated by financial debates about investment.

A possible way forward is to combine existing land-use models, evaluations 
frameworks (such as cost benefit analysis or dedicated impact assessment frame-
work) with new visually attractive user interfaces (such as touch tables) to over-
come part of the shortcomings of existing evaluation tools (Dias et al., 2013). In 
doing so it may become possible to bring together the values and arguments of 
different actors in decision-making processes in the built environment that differ in 
spatial scale, time horizon and focus concerning people, planet and profit aspects.
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7.1 � Introduction

Collaborative workshops are common in land use planning. Stakeholders using maps 
to design plans is not something that started in recent years. Initially, workshops were 
supported using large hard copies of maps in combination with sheets of tracing paper 
to sketch attributes of the proposed plan or plan area (Burrough and McDonnell 1998). 
In following years, with the arrival of Geographical Information Systems (GIS), the 
transparent tracing map sheets were replaced by map layers presented within a GIS 
on a computer screen (Longley et al. 2005). This has now proceeded further towards 
interactive map interfaces with direct interaction between participants and informa-
tion. Along with these technical developments, the involvement of stakeholders in 
spatial planning has changed over the years. In the early years, the emphasis was on 
informing the public. In later years this shifted to participation where active involve-
ment of stakeholders was required (Sieber 2006). At present, the focus is on collabo-
ration, with stakeholders actively working together to reach the best plan.

Geodesign tools can be used to support collaborative processes. Typical tools 
combine different methods, such as simulation models, spatial multi-criteria analy-
sis, visualization, and optimization. User-friendly interfaces allow multiple users to 
provide input and generate real-time output to support negotiated spatial decisions 
(Geertman and Stillwell 2009; Pelzer et al. 2013; Pettit 2011).
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The Province and Water board of Friesland have decided to develop a long-
term adaptation strategy for the peat meadow area of the province. Primary ac-
tivities in this region are highly productive dairy farming, nature conservation, 
recreation and housing. The region is currently mainly used for commercial dairy 
farming but is also important for its high natural, cultural and historical values. 
Important problems in the region are soil subsidence causing damage to build-
ings and infrastructure, deterioration of landscape values, inefficient water man-
agement, poor water quality, and the changing perspectives for dairy farming 
(Janssen et al. 2013). A planning process with all stakeholders has been initiated 
to develop an adaptation strategy. The Province and Water board have described 
three strategies in general terms: 1. Business as usual; 2. Parallel tracks and 3. 
New horizons. The Business as usual strategy included technical measures to 
reduce soil decline. These technical measures could only be applied if they did 
not create limitations for agriculture. Parallel tracks was based on zoning and 
separation of the different types of land use. Buffer zones were created to separate 
the different types of land use. New horizons involved a major transformation of 
agriculture. New types of crops were introduced that could adapt to the wet con-
ditions needed to prevent soil decline. None of these strategies included a spatial 
allocation of the proposed measures.

As part of this policy process stakeholder workshops were conducted that had 
the following objectives:

•	 Exchange of information
•	 Validate information
•	 Design three spatial adaptation strategies.

The workshops are exploratory and do not involve a choice for one of the strate-
gies. The workshops were held in three regions, Hommerts, Groote Veenpolder and 
Buitenveld. These regions were assumed to be representative for the peat meadow 
area in the province.

An interactive mapping device (the Touch Table) was used as a common in-
terface (Fig. 7.1). The use of the Touch Table made it possible for participants to 
have direct access to tools and information and provided a common platform for 
discussion. The geodesign application developed for these workshops included an 
evaluation tool and a design tool. Both tools were dynamic and provided immediate 
feedback on the effects of any change made by the participants. These tools were 
used in the workshops to design spatial strategies by allocating water management 
measures, such as changes in water levels and drainage systems, and land use types 
specific to each strategy.

The workshops followed the steps of the geodesign framework as defined by 
Steinitz (2012). The framework for geodesign is compatible with the adaptation 
framework of Willows and Connell (2003) that assumes that the development of an 
adaptation strategy is a circular process containing eight stages and was found use-
ful for linking tools to stakeholder tasks (Eikelboom and Janssen 2013).

This chapter describes the use of geodesign tools to support the development 
of a spatial adaption strategy for peat meadow areas in Friesland. The evalua-
tion and design tools are described in the next two sections. The third section 
describes the use of these tools in the workshops. The chapter concludes with a 
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discussion of the effectiveness of the tools in exchanging information and gen-
erating plans for each strategy. A full report of the workshops is available in 
Janssen et al. (2013).

7.2 � The Approach

The objective of the workshops was for the stakeholders to develop three spatial 
strategies at the local scale based on an implementation of the three general strate-
gies for the whole region ( Business as usual, Parallel tracks, New horizons). The 
workshops were exploratory in nature and no strategy was selected as the preferred 
choice.

The workshops followed the steps of the geodesign framework as defined by 
Steinitz (2012). Steinitz distinguishes three iterations through the framework phras-
ing the questions as “Why?” questions in the first iteration, as “How?” questions 
in the second iteration and as “What?, where? and when?” questions in the third 
and final iterations. The workshops go through these iterations in one afternoon 
(Fig. 7.2). To be able to do this so quickly, the workshops relied heavily on stake-
holder input. No extensive field work was done prior to the workshops. It was ac-
cepted that the information about the region was not complete and maybe even 
incorrect but that stakeholders will correct this information.

Participants of the workshops were invited by the Province and Water board 
of Friesland and were based on prior involvement in the planning process. Some 
participants had a direct stake in the planning process as they owned a farm or 
house in the region, others represented interest groups such as farmers or nature 
conservationists.

Fig. 7.1   Workshop participants around the Touch Table
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The workshop started with an introduction to the region and communication of 
information needed for the assignments (representation). The complicated relations 
between land use, ground water level and soil subsidence were communicated by 
an exercise where participants experimented by changing land use and water levels 
and observe the result on soil decline. Only very simple models were used to model 
the relations between water management, soil decline, nature and agriculture. This 
made it possible to explore and even adapt all model relations during the workshop. 
About half the available time was used to communicate all information. The second 
half was used for three assignments where participants were asked to design three 
strategies for the region.

The first assignment around the Touch Table was an introductory assignment to 
get a feel for the Touch Table and to learn about the mechanics behind soil subsid-
ence. The participants were asked to change land use and water levels, to observe the 
impacts on soil subsidence and to inspect relevant map layers. This was followed by 
three assignments linked to the three strategies. The participants were asked to de-
sign a land use and water management plan for the following three policy strategies:

•	 Business as usual: low impact technical measures only, no changes in land use;
•	 Parallel tracks: create buffers to separate conflicting functions such as agricul-

ture, housing and nature;
•	 New Horizons: introduction of new crops, large changes in land use and water 

management.
The evaluation, change, impact and decision model were integrated in the design 
tool. The design tool allows to make changes and to get immediate feedback on the 

Fig. 7.2   The stakeholders, the geodesign team, and the framework for geodesign. (Source: Stein-
itz 2012)
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resulting changes on policy objectives such as agricultural production, prevention 
of soil decline and quality of nature. The physical impacts were calculated but not 
presented to the participants as they would not be immediately understandable. To 
provide more easy to use feedback to stakeholders, impact and evaluation were 
combined. The underlying model for evaluation was based on multicriteria analysis 
(Arciniegas et al. 2011). This model can be used on various spatial scales and can be 
adapted to specific decision conditions (Eikelboom and Janssen in press).

The value of the objectives had a linear relation with the water level in the 
ditches. This relation was different for each type of land use. Each objective value 
responded differently to increasing water levels. A high water level results in high 
objective values for soil subsidence and nature, but in low values for agriculture. 
Similarly, extensive grasslands have a higher value for nature due to land manage-
ment compared to intensive grassland and with similar water level conditions nature 
areas have the highest values for nature. A high value for soil subsidence means 
low subsidence rates, high values for nature means high quality and low values for 
agriculture means low productivity. During the process the stakeholders zoomed 
in to different scales and locations within the area. They kept iterating between 
evaluation, change, impact and decision until there was consensus about the plan. In 
doing this they have answered the why, how and what/where questions. The when 
question was not represented on the map but appeared in the notes of the meeting. 
No field research was conducted in preparation of the workshops as the approach 
is based on input from the stakeholders. This made it possible to move quickly but 
made the approach very dependent on the available knowledge of the stakeholders 
present during the workshop.

7.3 � Geodesign Tools

The workshops were supported by an evaluation and a design tool. The tools were 
developed using Community Viz 4.3 which is an extension to ArcGIS 10. Com-
munity Viz is a software package that allows for spatial programming of dynamic 
attributes and indicators (http://placeways.com/communityviz/ last accessed on 
October 10, 2013). The Samsung SUR40 with Microsoft Surface 2.0 provided the 
interface between the participants and the tools.

A large amount of spatial information is available for the regions. Current and 
historical land use, and land ownership were obtained from the Provincial authori-
ties. Water levels and an elevation map were obtained from the Water board. Spatial 
information about the soil was supplied by Alterra University and Research Centre, 
Wageningen. Most of the information is collected in the years 2012 and 2013.

The information is first translated to value maps based on expert judgement. 
Figure 7.3a shows a value map for agriculture (see also Arciniegas et al. 2011). The 
value in Fig. 7.3a represents the production conditions for agriculture and depend 
on both land use and water level. Values above 0.80 are considered acceptable and 
are therefore coloured green. Values between 0.70 and 0.80 are considered prob-
lematic (orange) and values below 0.70 unacceptable (red). In Fig. 7.3b the value 
maps for agriculture, soil and nature are combined. The value of the objectives is 
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presented as a traffic light where red is low, white is average, and green represents a 
high value. The traffic light shows for each parcel the value for agriculture (left) soil 
(middle) and nature (right). For example a traffic light with three red boxes means 
a low value for all three objectives.

The traffic lights makes it possible to project the main indicators on top of 
other maps. During the workshops, the objective values were mainly shown in 
combination with land use and water level, because the objective values change 
when water level or land use is changed. This tool enabled participants to moni-
tor the performance for each objective under different circumstances. The evalu-
ation tool is used in combination with the design tool. Figure  7.4 shows the 
design tool for one of regions. The map on the left shows land use and the map 
on the right water levels. The tool provides next to the map a list of potential land 
uses, a list of potential water levels and a list of water management measures 
such as drainage and storage. Participants can apply these measures to one or 
more parcels to improve one or more objectives. Changes in values are shown 
immediately as changes in the colours of the traffic lights in each parcel. Partici-
pants can also change the land use of each parcel. Changes in land use and water 
management are shown on the map. Any map participants consider relevant can 
be used as a background for the traffic lights. A division is made between inten-
sive and extensive grassland. Intensive grasslands are characterized by a high 
density of cattle, use of heavy machinery and use of pesticides and fertilizers. 
Extensive grassland have a lower production, do not need heavy machinery and 
no or little fertilizer and pesticides. As a result extensive grassland are more suit-
able for higher water levels.

Fig. 7.3   Value map agriculture (a) and value map agriculture, soil and nature (b) in the Groote 
Veenpolder (current situation)
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7.4 � Workshop Results

Workshops were organized in three regions, Hommerts, Groote Veenpolder and Bu-
itenveld. These regions were assumed to be representative for southeast Friesland. 
The workshops started with an introduction to the region and communication of 
information needed for the assignments. An effective way to introduce the region 
is a comparison of the current and historic topographical maps (Fig. 7.5). Swiping 
the two maps showed how the current map has evolved from the past, especially in 
peat meadow areas were many of the current issues can be traced back to the past.

The introduction was also used to validate the information presented. As the 
preparation did not involve extensive field visits not all information was up to date. 
Figure 7.6 (a) shows the information as available from the topographical map and 

Fig. 7.4   The use of the design tool for the region ‘Hommerts’: combined with land use (a) and 
water levels (b)
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aerial pictures. Figure 7.6 (b) shows the same map after corrections from the partici-
pants. It appeared that, recently, open water had been added, more nature had been 
created and some parcels had been changed to extensive grassland. Also the former 
waste dump was not included in the original map.

Fig. 7.5   De Groote Veenpolder 1860 (a) and 2012 (b)

 

Fig. 7.6   Land use map Buitenveld before (a) and after the workshop (b)
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Next, the participants were asked to design a land use and water management 
plan for the following three policy strategies:

•	 Business as usual: low impact technical measures only, no changes in land use;
•	 Parallel tracks: create buffers to separate conflicting functions such as agricul-

ture, housing and nature;
•	 New Horizons: introduction of new crops, large changes in land use and water 

management.

This meant that for each region three plans were developed. Figure 7.7a shows the 
result for Parallel tracks for the region Hommerts. Participants identified damage to 
houses resulting from soil subsidence as a problem. First, participants zoomed in on 
a long strip of houses on both sides of the central road. As can be seen on the new 

Fig. 7.7   Creating a buffer in strategy Parallel tracks: (a) Change in land use, (b) Change in water 
level and performance
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land use map (left) they created a zone of extensive agriculture along these houses. 
Figure 7.7b shows that in this zone the value of agriculture decreased to average 
but the scores for soil subsidence and nature increased, which solves the problem 
for the houses.

The next map shows the result for strategy Business as usual for the Groote 
Veenpolder. Before applying any measures, as a first step, participants zoomed in to 
a specific area. To do this they used the map library to identify parts of the region 
with specific characteristics. As one of the available measures could only be applied 
in areas without upward seepage participants used the hydrology map to identify the 
relevant sub region (Fig. 7.8). As is shown in the figure participants applied drain-
age at − 40 cm to large part of this area. The map showed that for this part of the 
region drainage at 40 cm was beneficial both for agriculture (left box) and preven-
tion of soil subsidence (middle box).

The design tool allows for detailed, small scale, changes but can also support 
a total redesign of the region. This is what is called for by the New horizons strat-
egy. This strategy assumes substantial changes from the current situation. A good 
example was the New Horizon plan designed for the Groote Veenpolder (Fig. 7.9).

A major problem in this polder is the net loss of water from the nature reserve 
located east of the lower situated agricultural area in the west. Participants decided 
that only a radical measure could solve this problem. As can be seen in the maps in 
this strategy (Fig. 7.9), a large area to the west of the nature reserve will be flooded 
to be used for water sports or aquaculture. In the agricultural area to the west of this 
buffer, water levels were increased and the land use was changed from intensive 
to extensive grassland. Wet crops and common reed were introduced along the 
border between water and agriculture. This radical change led to a total stop of soil 

Fig. 7.8   The effect of underwater drains for the south east corner of the Groote Veenpolder
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subsidence and created high values for nature, while intensive agriculture was no 
longer possible.

Surveys were conducted before and after the workshops. Results from these sur-
veys suggested that participants find the traffic light presentation easy to under-
stand and are able to use feedback provided by the tool to perform tasks such as 
changing land use or changing water management. Results also indicated that no 
more than three indicators should be presented and that the calculation of the scores 
should be simple (Eikelboom and Janssen in press). The surveys also showed that 
eight persons considered information from the Touch Table most important, while 
also eight persons valued information from participants and seven from the experts 
present during the workshop. This shows that workshop did well in facilitating ex-
change of information (Fig. 7.10).

An important objective of the workshops was to bring the strategies to life. It 
is remarkable that only a small proportion of the participants think that Business 
as usual is the most realistic. This proportion is even smaller after the workshop 
(Fig. 7.11b).

Feedback from the participants indicated that they found the exchange of in-
formation very important. The opportunities to switch between maps to allowed 
learning by doing were considered useful. Participants reported an increased un-
derstanding of these relations and a raised awareness of the perspectives of other 
participants. These results are consistent with studies that stressed that presenting 
spatial information through interactive map interfaces during planning workshops 
facilitated exchange of views on spatial decision problems (e.g., Andrienko et al. 
2007; Bacic et al. 2006).

Fig. 7.9   Strategy New Horizons for the Groote Veenpolder: (a) measures, (b) land use change
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7.5 � Conclusions

The decision support tools provided in the design workshops combined maps, a 
simple simulation model, an evaluation tool, a design tool, basic GIS functions and 
a shared interactive map interface. Maps were used to obtain feedback from par-
ticipants. The interactive map interface made it possible to learn about the complex 
relations in the model by trial and error.

Fig. 7.11   Most realistic strategy according to the participants before ( left) and after ( right) the 
workshop (n = 25)

 

Fig. 7.10   Participants evaluation of the usefulness of different types of information (n = 25)
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Organizing policy workshops is a learning process that requires substantial effort 
in terms of preparation, logistics and technical challenges. Preparation is especially 
crucial as there should be no technical problems and all relevant information must 
be readily available. There is little tolerance from the participants for technical or 
methodological errors.

A first lesson is that in the Netherlands it is not so easy to convince policy-makers 
to include workshops in their planning process. There is fear for the unknown and 
fear that bringing the problem outside the usual setting would change the level of 
control on the process. In this process the workshops were actively supported by 
the Province and Water board. Results of this phase are currently being used as the 
starting point of the next phase of the process. This phase will involve selection of 
the most appropriate strategy for each region.

A second lesson is that selection of the participants is essential. Participants of 
the workshops were invited by the Province and Water board of Friesland. Although 
this increased commitment of the participants it was not always easy to attract par-
ticipants to the workshops. It proved important to ensure that there was some ben-
efit for all the participants invited and that the workshop was a positive experience. 
The main advantage of the presented approach was to get different types of people 
in the same conversation to optimize opportunities for knowledge exchange be-
tween different expertise.

The research results suggest that the approach depends highly on a cooperative 
attitude by participants. This worked well in a Dutch context as it suits the Dutch 
consensus-oriented way of decision-making. Other examples of this approach can 
be found in Arciniegas and Janssen (2012) and Alexander et al. (2012). However, 
it is uncertain if the same approach would also work in contexts of sharp conflict 
or with a more power-based style of decision making. For this study the use of 
geodesign as part of interactive workshops proved to be a useful instrument for 
facilitating group work around spatial information. Using interactive maps as tools 
for communication and interaction proved to be an effective method to support 
planning meetings with stakeholders with different backgrounds.
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8.1 � Introduction

Low-lying deltas are increasingly vulnerable to flooding. This vulnerability is the 
result of different factors such as global sea-level rise, variability in river discharge 
and rainfall intensity, storm surges, soil subsidence due to sediment compaction, 
sediment trapping in upstream reservoirs and floodplain engineering (e.g., land rec-
lamation). Moreover, many of the world’s largest deltas are densely populated and 
heavily farmed: close to half a billion people live on or near deltas (Syvitski et al. 
2009). The Rhine-Meuse delta in The Netherlands is an example of such a densely 
populated low-lying delta. In this area floodplains are embanked, land is reclaimed 
(polders) and river discharge and sediment transport are influenced and controlled 
by dams and reservoirs. Capital and inhabitants in the floodplains need to be pro-
tected against flooding. In The Rhine-Meuse delta this has so far been mainly done 
by taking preventive measures: testing, standardizing and reinforcing dikes.

In recent years, the use of a multi-level safety approach for flood management 
is increasingly discussed in The Netherlands (Wit et al. 2010). In a multi-level 
approach, flood management aims to reduce flood risk by both preventive and 
effect-restrictive measures (Kolen et al. 2012; Leskens et al. 2013). The objec-
tive of preventive measures is to reduce the flood probability (level 1). Effect-
restrictive measures aim to reduce effects of floods, and comprise measurements 
related to both spatial planning (level 2) and crisis management (level 3). Exam-
ples of spatial planning measurements are elevating roads and (new) residential 
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areas, and building secondary dikes in polders (compartmenting). In the case of 
managing a disaster, technology can help to provide, collect and store essen-
tial information, and share this information among people and organizations in-
volved. For example, in case of a flood it is very efficient to quickly visualize the 
extent and travel speed of a flood, inundation depths, population density, and the 
location of for example vulnerable objects and evacuation possibilities. A net-
centric approach enables to share actual information online that is accessible for 
different organizations involved in a disaster (e.g., Bharosa et al. 2009; Santen 
et al. 2009). They should see the same up-to-date map with the boundaries of a 
disaster, important locations such as the location of a dike breach, locations of 
ground staff, evacuees or possible casualties. This knowledge is described as sit-
uational awareness. It is important that the information, both spatial and textual, 
is up-to-date and can be relied upon. The information should be synchronized 
among all organizations as soon as a change occurs. This shared actual view of a 
disaster is called the Common Operational Picture (COP). A COP facilitates col-
laborative planning of operations and assists all staff levels to achieve situational 
awareness (Neuvel et al. 2012).

Because of the complexity of a densely populated delta such as the Rhine-Meuse 
delta, where many different processes and stakeholders are involved, designing a 
flood management plan is a big challenge. Points of discussion in this context usu-
ally include the type of investments (preventive and/or effect-restrictive measure-
ments), cost-efficiency and the validity of predictions of natural processes and flood 
risks (Wit et al. 2010). The geodesign framework may be used to efficiently design 
and implement a secure flood protection plan, that is acceptable for all stakeholders. 
In short, geodesign is the process of change (geography) by design (Steinitz 2012). 
The framework, and how it can be used for flood management, is explained in more 
detail in the next sections.

8.2 � Geodesign

8.2.1 � The Geodesign Framework

Geodesign can be described as the development and application of design-relat-
ed processes intended to change a (geographical) study area (Steinitz 2012). The 
framework is based on six questions:

1.	 How should the study area be described?
2.	 How does the study area function?
3.	 Is the current study area working well?
4.	 How might the study area be altered?
5.	 What difference might the changes cause?
6.	 How should the study area be changed?
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Solving these questions is necessary for many design-problems in the world. In 
many cases these problems are complicated, because processes act on different spa-
tial scales, many actors are involved that have conflicting views and needs, and 
problems are not well understood. To ensure the best solution, people from different 
disciplines should collaborate, like people from the place, scientists, design profes-
sionals and technologists. The geodesign framework effectively facilitates this col-
laboration. The different steps (questions) are solved iteratively, allowing to learn 
from previous steps and from feedback from stakeholders (Fig. 8.1).

By visualizing different types of data, processes, scenarios and impacts, the 
geodesign framework gives one integrative picture of reality. Impacts of changes in 
the landscape can immediately be explored and visualized.

8.2.2 � From Past to Future—The Noord-Holland Case–Study

The emergence and use of the geodesign framework is closely related to increasing 
human impact on the landscape and the increasing availability of data and tools. 
These factors, together with a changing flood perception through time, makes the 
geodesign framework increasingly valuable for developing flood management 
plans. This is illustrated by three palaeogeographical maps representing three past 
situations in the province of Noord-Holland, The Netherlands.

Fig. 8.1   The geodesign framework. (Steinitz 2012)
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Figure 8.2A shows the situation around the year 800 AD. At that time, human im-
pact was still minor and only some simple situational maps were available (Fig. 8.3). 
People described the landscape in a simplistic way, for example distinguishing ‘wet 
areas’ and ‘dry areas’. The lower floodplains and peatland areas were often wet. 
The dunes and coastal barriers along the coast were drier areas. This situation may 
be described as nature designed. If people wished to deal with flooding their main 
options or were to retreat or defend, for example by building small dikes or artificial 
hills. They did not yet do any impact analyses, although soil subsidence started to 
become a problem.

In the period of 800 until 1500 the landscape has changed by human impact 
(Figs. 8.2B and 8.3). This change was mainly caused by drainage of the land, which 
lowered the ground water table causing soil subsidence by compaction and oxida-
tion of peat. This resulted in a major loss of land. At the other side people started 
to take defending measures. For example, the West-Friesland dike has been built in 
the thirteenth century.

In the period of 1500 until 2000 the change of the landscape was dominated 
by huge reclamations (Fig. 8.2C and 8.4). This was mainly done to fulfill the in-
creasing demand for agricultural production, and was facilitated by new techniques 
(e.g., wind mills). Along with the increase in population the wish for protection 
grew stronger, and people continued reclaiming land by building (stronger) dikes. 
Although the problem of compaction was recognized as a major problem, people 
still did not carried out impact analyses regarding this topic. Decisions were mainly 
focused on building dikes for land reclamation. Reclamation projects were initi-
ated both from the private and public sector. For example, the Beemster area was 
reclaimed by rich traders from Amsterdam. Furthermore, more (accurate) data was 
available, such as more detailed topographical maps and water heights (Fig. 8.4).

At the end of the twentieth century the geodesign framework has changed again, 
in accordance with increasing knowledge and changing perceptions (Fig. 8.5). Much 
detailed data is available, on a range of themes such as climate, water, soil and de-
mography. Also, more knowledge of and insight into landscape processes allows us 
to describe different aspects of the landscape more accurately, e.g. by models. Be-
sides flood protection more wishes have arisen such as building with nature (Vriend 
and Koningsveld 2012). In addition, perceptions have changed as flood protection 
is more and more based on risk acceptance (IPDD 2013). Besides building stron-
ger dikes, scenario’s include increasing the pumping capacity, water retention, sand 
supply and nature development. Impact analyses allow to assess the consequences 
of such flood protection measures on for example society, economy and nature. 
Decisions focus on either (1) increasing protection levels (preventive measures like 
strengthening dikes), (2) a ‘safe’ spatial planning, or (3) improving emergency re-
sponse. This is a multi-level approach which is further explained in Sect. 8.3.

The change in flood management systems and perception in The Netherlands is 
driven by a number of historical events (IPDD 2013). In the period 1860–1910 river 
regulation was focused on ensuring sufficient flow and discharge (e.g. by dredging), 
to prevent upstream floods and enable ships to pass through. These measures were 
hence mostly driven by economic reasons.
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Fig. 8.2   Palaeogeographical maps of the year (A) 800 AD, (B) 1500 AD and (C) current situation. 
(From Deltares)
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An important event that influenced flood management in The Netherlands was a 
flood catastrophe in 1953 in the southwestern part of The Netherlands. This flood 
was a consequence of badly maintained dikes during the preceding decades. The 
flood triggered an extensive flood protection program, the Deltawerken, which 
closed the open connection to the sea and thereby protected the hinterland (IPDD 
2013). The main objectives of the Deltawerken were flood protection and regional 
economic growth.

After flood events in 1993 and 1995 the maximum allowed discharge capacity, 
a standard used to ‘design’ rivers and river dikes, was increased from 12,000 to 
16,000 m3/s (IPDD 2013). Furthermore, more attention was given to nature values 
and environmental quality. This change in perception resulted in the Ruimte voor de 
Rivier program (‘Room for the River’), which focused on water safety along with 
spatial and nature development. The main measure taken was widening river beds, 
thereby increasing the discharge capacity.

Fig. 8.4   Geodesign framework for the period 1500–2000 year AD in Noord-Holland

 

Fig. 8.3   Geodesign framework for the period 800–1500 yr AD in Noord-Holland
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In 2009 the Deltaprogramma1 (Delta program) started. This program deals with 
long term climate uncertainty regarding the water system and water safety in the 
twenty-first century. Major decisions regarding flood safety standards and fresh wa-
ter supply will be taken in the summer of 2014.

8.3 � Geodesign and Multi-level Safety for Flood 
Management

In this chapter it is illustrated how the geodesign framework can be used to design a 
multi-level safety policy for flood management (prevention, spatial planning, crisis 
management). The different steps of the geodesign framework are described in the 
next paragraphs.

8.3.1 � Data Inventory

The first step involves collecting data that describe the water system, topography 
and the built environment. For example, the location, type and area of build-
ings can be visualized based on the BAG2, which is a Dutch governmental key 
register and is open data. Another key register is the Top10NL3, which provides 

1  http://www.rijksoverheid.nl/onderwerpen/deltaprogramma.
2  (In Dutch) Basisregistratie Adressen en Gebouwen: https://www.kadaster.nl/bag.
3  (In Dutch) https://www.kadaster.nl/web/artikel/productartikel/TOP10NL.htm.

Fig. 8.5   Geodesign framework for the period 2000–2010 yr AD in Noord-Holland
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information regarding infrastructure (roads, railway, waterways) and terrain. 
Data on dikes and other water structures is mostly provided by water boards. 
Lithological data, which can be used to for example assess the strength of dikes, 
is provided as open data by the DINOloket of TNO4. Another important dataset is 
the Digital Elevation Model of The Netherlands (AHN25; Fig. 8.6). This can be 
used to calculate, using flood models, which parts and/or buildings in an area will 
be flooded and which parts stay dry. More generally, it shows low-lying areas that 
are more vulnerable for flooding. In the province of Noord-Holland, more than 
70 % of the area is lying below sea level and therefore vulnerable for flooding 
(Fig. 8.6). Regarding crisis management datasets such as the location of vulner-
able buildings and demography are important. These can be obtained by the IPO 
Risk Map6 and the CBS Statistics Netherlands7 respectively.

The static information is used in all levels of the multi-level safety approach. 
Storing data in a Spatial Data Infrastructure (SDI) is vital for creating interoperable 
systems and enabling exchange of geographical data and information (Williamson 
2004). This is a critical aspect of risk and emergency management activities (Neuvel 
et al. 2012).

8.3.2 � Processes

In this step processes that are part of or influence the water system are defined. The 
following models and data can be used to describe these processes:

•	 Groundwater and surface water models.
•	 Flooding and calamity models.
•	 Information on precipitation (time-series).
•	 Geological composition (for example, vital information for assessing the strength 

of dikes)
•	 Location and functioning of dikes, water pump stations, etc.
•	 Climate models.

The collected data and model output can be used to create different views of the 
water system. For example, by running a flood model multiple times for dike 
breaches at different locations and combing the resulting inundation maps with 
digital elevation maps, it can be specified what are high risk areas (those that are 
in all or most cases affected by the flood). Such areas deserve extra attention dur-
ing a crisis.

The collected data, and information obtained from model runs and other analy-
ses, can be uploaded in a net-centric crisis management system such as Eagle8 CMS 

4  www.dinoloket.nl.
5  (In Dutch) www.ahn.nl.
6  (In Dutch) www.risikokaart.nl.
7  www.cbs.nl.
8  http://www.geodan.nl/producten/eagle-cms/#t_introductie_tab.
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(Scholten et al. 2008). This system serves as a platform to work effectively in a 
net-centric way, to share data and to realize a Common Operational Picture. A huge 
advantage of Eagle CMS is its use of interactive maps showing actual geographical 
information that is part of the Common Operational Picture. Spatial data displayed 
on a map with the relevant context and background information is a huge asset in 
understanding the current situation, allowing all users to make faster, better deci-
sions and react more swiftly to changes in the disaster situation.

8.3.3 � Capability and Sustainability

The third step in the geodesign framework concerns the question whether or not 
the current water system functions in accordance to our desires regarding economy, 
sustainability, education and nature, and what are the options to alter the system. 
Undesired processes related to all three levels need to be identified and acted upon. 

Fig. 8.6   Digital Elevation Model of the province Noord-Holland, clearly showing the location of 
low-lying polders
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This can be done by assessing them based on workshops and interviews with differ-
ent stakeholders, like (local) governments, private companies, safety regions (fire 
rescue, hospital, police), and comparing them with the current situation. Questions 
to be asked are for example (per level):

•	 Level 1: Prevention
−	 Are there problems with high water levels and what are the causes?
−	 Are there weak spots in the dike system, and what are the causes?
−	 How can the protection system be improved to reduce the flood risk?

•	 Level 2: Spatial planning
−	 What are future plans and desires regarding spatial planning?
−	 How does this compare to the current situation, for example to the location of 

areas that are prone to flooding?
•	 Level 3: Crisis management

−	 What is the outline of an ideal crisis management plan?
−	 Which items are important and should be visualized (evacuation roads, hospi-

tals, etc.)?
−	 Are inhabitants aware of flood risks?
−	 How could the current crisis management plan (if it exists) be improved?

Outcomes of such workshop can be supported by data analyses. For example, weak 
spots in dikes may be identified based on digital elevation models and data on the 
composition of dikes. Like mentioned before, flood models can be used to identify 
areas that are especially vulnerable for floods.

8.3.4 � Scenarios

In this step different scenarios regarding all three levels are developed and visual-
ized. Examples of measures, which can be visualized in a geographical information 
system, are:

•	 Preventive measures:
−	 Strengthening/improving a dike.
−	 Building new dikes.
−	 Increasing pumping capacity.

•	 Spatial planning measures:
−	 Elevating objects (roads, buildings).
−	 Compartmenting polders (building extra small dikes in a polder).
−	 Sustainable (new) residential/industrial areas.

•	 Crisis management:
−	 Elevated evacuation roads.
−	 Program for vertical evacuation.
−	 Developing a net-centric crisis management information system (e.g. Eagle 

CMS).
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The scenarios can be visualized on different platforms (e.g. desktop, mobile device, 
touch table), which allows collaboration and discussion between different stake-
holders. Also, stakeholders can propose additional scenarios.

8.3.5 � Impact Analysis

Impacts of the different scenarios are analyzed in step 5 of the geodesign frame-
work. Preventive measures aim to reduce the probability of a dike failure, by 
counteracting different failure mechanisms like overflow, piping, heave and insta-
bility of dike parts9,10,11. In The Netherlands, the change in probability of a dike 
failure, as a result of preventive measures, is estimated based on manuals of test-
ing the safety of dikes (‘Leidraad toetsen op veiligheid regionale waterkeringen’ 
(STOWA 2007), and ‘Voorschrift Toetsen op Veiligheid’ (MVW 2007). These 
manuals are used for the six-yearly assessments of dikes in The Netherlands, 
based on various methods and models to calculate hydraulic parameters.

Effects of spatial planning measures may be estimated and visualized using 
a flooding model and combing the result with geographical data describing the 
topography (e.g., Digital Elevation Models, topographical maps). A 3D flood 
model has recently been developed by the 3Di consortium12. This model is de-
signed to rapidly calculate and visualize the progression of a flood in 3D. In 
the model, multiple geographical data layers are combined and translated into 
hydraulic and hydrologic parameters, which are used for model calculations. It 
is possible to model interactively. This means it is possible to pause model cal-
culations, which allows a stepwise analysis (and possibly adaption) of model 
results. An example of a model result visualization is presented in Fig. 8.7. Such 
visualizations are extremely important for a good communication during a flood.

Model result visualizations show the impact of a flood on spatial planning. 
Also, inundation depths can be calculated and used to assess the inundation depth 
of buildings. This information, in combination with data on the type of build-
ing and demography, may be used for estimating flood damage. Regarding crisis 
management, such information may be used for assessing possibilities of for ex-
ample vertical evacuation, and whether or not it is possible to use roads. Vertical 
evacuation can be a very effective evacuation strategy in case preventive evacua-
tion is not possible (Kolen and Helsloot 2012).

Integrating the 3Di flood model with an incident and crisis management system 
like Eagle CMS allows to directly visualize flood propagation and inundation depths 
during a flood and to act upon unexpected situations, for example if a second dike 
breach occurs. In such a case evacuation routes might have to be changed quickly. 

9  http://www.enwinfo.nl/asp/content.asp?niveau=2&DocumentID=4    .
10  www.helpdeskwater.nl/publish/pages/4942/trob-h06.pdf.‎
11  http://www.dijkverbetering.waterschaprivierenland.nl/dijkverbetering/waarom.
12  www.3di.nu.
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The main entry of Eagle CMS is a map, showing the current geographical informa-
tion. The system contains functionality to edit both spatial data, such as incident loca-
tions or the extent of a flood, and textual data on a variety of relevant subjects. There 
are also functions for analysis of data, messaging, and issuing orders to ground staff.

8.3.6 � Decision

Based on the results of previous steps decisions can be made. One decision could 
be to go for a higher level of prevention. Another decision could be to situate vi-
tal infrastructure more above sea level, or built an extra compartimentation dike. 
Another possibility is to improve the calamity response using a crisis management 
system like Eagle CMS. Noord-Holland will probably decide for a combination of 
these possibilities.

8.4 � Multi-level Safety Measure Examples

8.4.1 � Compartmenting Polders

A well-known example of an effect-restrictive spatial planning measure for flood 
protection is compartmenting polders by building an extra dike. In Fig. 8.8 a digital 
elevation model and inundation depths simulated by the 3Di model are shown of 

Fig. 8.7   Visualization of a 3Di model run. (From: www.3di.nu)
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a part of Noord-Holland. Low-lying areas (dark green) and higher elevated former 
river channels (yellow) are clearly visible. A simulation of a flood initiated by a dike 
breach (red arrow) shows that the area north of the secondary dike, running from 
Hoorn to Enkhuizen, is not affected by the flood even though this is a low-lying 
area. This illustrates the protective functionality of secondary dikes within polders.

8.4.2 � Disaster (Flood) Management

The Waterboard of Noord-Holland is implementing a new version of Eagle (Neu-
vel et al. 2012). This system facilitates sharing of actual geographical and textual 
information during a flood, which is vital for taking operational decisions. Thereby, 
integrating 3Di and Eagle facilitates to quickly visualize and act upon unexpected 
situations like a second dike breach. Also, 3Di can create different views (maps) of 
water system situations, which can directly be shared among the different parties by 
using Eagle CMS. It is likely that such a system will improve crisis management. 
Still, there are a number of challenges in managing a disaster, because the nature 
of a disaster management system is substantially different from a day-to-day infor-
mation system. Eagle CMS that is currently being developed intends to meet all of 
these challenges, which are at the same time challenges of each geodesign project:

Situational awareness:  During a crisis it is very important that all organizations 
involved are aware of the situation on the ground in the disaster area (boundaries 
of the disaster area, location of specific incidents, etc). Nearly all the data collected 
or needed in a disaster management information system have an important spatial 

Fig. 8.8   A digital elevation model and inundation depth, simulated by 3Di, of an area in 
Noord-Holland
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component. It is imperative that all staff have access to the same, actual geographic 
information.

Real-time location awareness:  When trying to manage a disaster, it is especially 
important to know at any time the real-time locations of staff, citizens, victims, 
volunteers or response teams. But also it is crucial to know the status of the most 
important assets (the dikes themselves, but also the pumping systems, the electricity 
hubs, etc). Tracking and tracing of assets, people and equipment is essential. The 
ability to count potential casualties in affected areas is also extremely helpful.

Sharing data among different organizations:  When a disaster occurs, various orga-
nizations will respond instantly to manage and contain the impact of the disaster 
in situ. Other organizations provide information or knowledge, such as govern-
mental or meteorological institutes, or utility companies. Those different orga-
nizations should work together and this requires management of communication 
and exchange of information. All data (spatial, textual, imagery) should be shared 
between all organizations involved, who have a need to know of such information.

Large data flows:  Often there is a lot of data that needs to be made available. The 
data can be static like roadmaps, as well as dynamic like meteorological data and 
operational data. This information has to be aggregated and/or filtered depending 
on the type and scale of the disaster, and the amount and type of organizations 
involved.

Different networks:  Organizations have often different physical networks. There 
are usually several LAN, WAN or mobile networks for emergency response teams, 
each with their own management and restrictions. Information should be shared 
across the boundaries of these networks. The organizations will already have net-
working equipment for their daily work and are generally reluctant to invest in 
completely new equipment for emergency response only.

Different levels:  Organizations can be involved in different levels: strategic, tactical 
and operational levels, and each have specific requirements for information types 
(reports, maps, images, videos, etc.) and scope (generalized, detailed, subject).

Unreliable network connections:  In the case of a disaster, the network connections 
can be unreliable. The network can be overloaded because of large data flows and 
heavy use. The physical network can be severed. A disaster management informa-
tion system must be able to deal with these situations by ensuring alternative access 
to data, ensuring a good backup strategy.

8.5 � Conclusions

In a low-lying country as The Netherlands, a sound flood management strategy 
is vital. Flood management perceptions have changed over time in this country. 
Also, the trends described in this article show a tremendous increase of information 
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through time. In this perspective, decision makers have a more easy job than in the 
early days. However, when you look from the perspective of possible number of 
causalities or economic damage by flooding the risks are increased significantly 
through time. So, although the wealth of information, decisions have more risks and 
therefore are more complicated.

The multi-level approach is for this moment the Dutch approach to cope with the 
expected climate change. In this approach prevention will be most important: most 
capital is still invested in preventive measures (~ 90 %) compared to investments 
in spatial planning and crisis management (both ~ 5 %). Investing more in spatial 
planning and crisis management potentially reduces flood damage and/or the risk 
of being affected by a flood for individuals. Examples are compartmenting polders 
(level 2) and developing net-centric incident and crisis management systems like 
Eagle CMS, integrated with the 3Di model.

Changing a (water system into a) multi-level water safety system is facilitated 
by the geodesign framework, which (1) supports collaboration between different 
stakeholders, (2) helps to effectively collect and store data and information, (3) 
define ambitions, potentials and scenarios, and (4) performs impacts analyses. 
Stakeholders are involved in all geodesign steps and can continuously give feed-
back. In this way, finally a well-considered decision regarding the water system 
can be made that is widely supported by the stakeholders. However, having bet-
ter data, better models, improved approaches for decision-making does not mean 
that it has become easier to make decisions regarding our highly complex water 
system.
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9.1 � Introduction

A storm surge in the North Sea on the night of the 1st of February 1953 caused 
flooding of large coastal areas in the Netherlands, Belgium and the United King-
dom (d’Angremond 2003). This was the onset of the development of a risk based 
approach for the Dutch flood risk management system (d’Angremond and Kooman 
1986). This risk based approach builds upon the formula: risk = probability *conse-
quences (exposure * vulnerability) and is currently also evolving in flood risk man-
agement policy in amongst others the United Kingdom (Sayers et al. 2002), Belgium 
(Kellens et al. 2013), the USA, and Japan (IWR 2011). In this risk based approach 
geoinformation and analysis can be of vital importance to inform the design task 
in an area. The design task is to change the landscape towards a more sustainable 
physical layout of the area with respect to flood risk. Geographical characteristics 
of an area determine to a large extent the components of flood risk, thus a geodesign 
approach, seen as “including ways of solving spatial design problems in any way 
and with any technology” (Steinitz 2012, p. 8), can help assess and determine the 
effectiveness of flood risk reducing measures.

Past decades, scientists and policy-makers increasingly applied Geographic In-
formation Systems (GIS), made possible by the wide-spread availability of com-
puting power and increasingly larger and more sophisticated hydraulic models. 
However, in applying GIS for flood risk management mostly the probability side 
of the equation was emphasized, as is also visible in the advice of the first Delta 
Committee in the Netherlands (Deltacommissie 1960) and the Dutch guideline for 
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dike design (TAW 1985). Long since, prevention is the main approach to deal with 
high discharges and sea levels and it informs the current flood risk safety standards 
for designing Dutch dikes (Ten Brinke et al. 2008). The incorporation of the con-
sequences of a flood (exposure and vulnerability) in flood risk management is still 
in its infancy, and surrounded with uncertainties (De Moel and Aerts 2010). The 
aspects ‘exposure’ and ‘vulnerability’ need to be clear, and flood risk managers 
need insight in the necessary information to integrate these aspects in risk reducing 
measures. In the Netherlands this integration is stimulated by a discussion concern-
ing the so-called multi-layer safety (MLS) approach which was described in the 
National Water Plan in 2008 (Min I&M 2008). From the perspective of flood risk, 
this approach consist of three layers:

1st layer: prevention
2nd layer: sustainable spatial planning, and;
3rd layer: disaster management (id. p. 71).

The aim of layer one is to lower the probability of a flood by means of preventive 
measures like dikes and dredging river branches. In the second and third layer flood 
risk managers primarily deal with exposure and vulnerability. In the Dutch context, 
perception of flood risk is shifting and these two aspects are going to be included 
in the safety standards for the dikes by differentiating their design (height, width, 
strength) (Min I&M 2013). As a consequence, geoinformation concerning assets, 
whereabouts of humans and livestock in the hinterland, and damage on capital by 
possible floods is necessary. Information which is also highly relevant for measures 
to reduce exposure and vulnerability. These measures demand more detailed geoin-
formation about the whole area potentially affected by a flood. The effects of a flood 
can occur throughout the area, thus, measures are not limited to the dimensions of 
preventive measures near the river but effective throughout the area.

In order to provide geoinformation for flood risk managers and policy-makers, 
the multi-layer safety approach is translated into a geographic information tool. 
This tool can be used to support exploratory studies and analysis of areas, and can 
be used to consider the relation between probability, vulnerability and exposure 
reducing measures. Although the tool is still in development (its design component 
is not yet applicable and it is only based on aggregated information) its use already 
shows the value of geoinformation and geodesign for flood risk management from a 
multi-layer perspective. We explore how this tool can be used, based on the current 
state-of-the-art of geodesign thinking, and attempt to relate the multi-layer safety 
approach to geo-information and geodesign in order to improve current practice of 
flood risk management.

The remainder of this chapter focuses on the role geodesign can have in reducing 
the components exposure and vulnerability of humans and assets to floods. Prob-
ability is beyond the scope of this chapter, because the aim to provide insight in the 
role of geodesign in the aspects vulnerability and exposure is challenging enough. 
We illustrate this with a Dutch riverine case, ‘Rivierenland’, wherein we focus on 
evacuation strategies for healthcare institutions in the case of two different flood 
scenarios. We look especially at exposure related aspects in assessing and designing 
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evacuation strategies for healthcare institutions, and indicate possible measures for 
the regional, local and building-specific level of healthcare institutions. We con-
clude with suggestions for advancing the role of geoinformation and geodesign in 
reducing exposure and vulnerability for flooding in layers two and three of the 
multi-layer safety approach.

9.2 � Exposure and Vulnerability to Flooding

There are three relevant characteristics of exposure in the context of flood risk. First 
the duration of exposure to a flood. This can be defined in hours, days or weeks in 
a year or over a lifetime. The second characteristic is the amount of water humans 
and assets are exposed to. This can be equaled to the inundation depth, expressed in 
height. Third, the velocity of the water flow is relevant. The water can be stagnant or 
flow with tens of kilometers an hour. The velocity also determines the arrival time 
of a flood and the moment a flood reaches a specific depth.

In geodesign, duration, height and speed are the main characteristics that have 
to be taken into account when considering a design-based reduction of exposure. 
For calculating exposure, flood scenarios and the physical lay-out of the exposed 
area are important. These determine the exposure itself (for example the depth and 
velocity of a flood), but also the opportunities to decrease exposure for individuals 
(for example the elevation and location of roads to get away from the flood). In a 
geodesign approach a tradeoff is possible between scenario altering and exposure 
reducing measures.

Reducing exposure depends on the time, movability of humans and assets in 
front of, or through the flood, and availability of resources and transport routes. 
Regarding real estate, duration, height and speed of the flood1 are important regard-
ing stability and strength of a construction (Nadal et al. 2010). Measures to reduce 
exposure on the long term, thus altering the scenario, include compartmentalization, 
local flood defenses, heightening or strengthening real estate, measures to slow the 
flood down and reduce height at strategic locations to create buffers (retention). For 
ad hoc exposure reducing measures, time of arrival related to depth needs to be de-
termined. This indicates whether flood risk managers are able to evacuate humans 
and assets, to reduce exposure by sand-bagging or can take other instant exposure 
reducing measures. It also indicates the possibility to elevate assets or humans to 
first or second floors.

The notion of exposure is sometimes equaled with, or being an aspect of, vulner-
ability (Adger 2006; De Bruin and Klijn 2009; Fuchs et al. 2011), however, we take 
the definition of Renn (2005) and distinguish exposure and vulnerability accord-
ingly. Renn (2005) defines vulnerability from the perspective of risk and hazard as: 
“the various degrees of the target to experience harm or damage as a result of the 

1  Note that the salinity of water, related to the source of a flood (sweet, brackish or salt), is also 
important for deterioration of real estate and crops.
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exposure” (p. 15). We use this definition of vulnerability2, in accordance with the 
use of others regarding flood risk (De Moel et al. 2011; Kazmierczak and Cavan 
2011; Sitzenfrei et al. 2011).

Applying the concept of vulnerability to humans, it can be related to individuals 
(social vulnerability) and the functioning of society which depends on the vulner-
ability of critical structures (societal vulnerability). Social vulnerability character-
istics include the autonomy of individuals and amount and cohesion of societal 
networks, determining possible help to evacuate or seek protection (Birkmann 
2006). For example elderly, children and sick people are more vulnerable since 
they are more fragile and more reliant on others for help. Thus, they are more likely 
to be wounded or to die if exposed to a flood. On a societal level vulnerability is 
determined by the critical structures for the functioning of society. Such critical 
structures include roads, underground infrastructures for utilities like water, gas and 
telecom, and critical locations such as homes for elderly, hospitals, power plants 
and sewage treatment plants.

Societal vulnerability is related to the vulnerability of assets, which includes 
the ability of a structure to withstand a flood, and the vulnerability and value of 
(the content of) the structure. Assets can be damage-prone (compared to fragility of 
humans) or, in a systems perspective, highly valuable for the normal functioning of 
society or for its functioning during a flood (related to societal vulnerability) (Van 
de Ven et al. 2011). Vulnerability is the opposite of robustness (Mens et al. 2011) 
and design for robustness can be regarded as the same as design for a reduction of 
vulnerability.

9.3 � The Design Problem

From the perspective of flood risk, the design problem can be related to the com-
ponents of exposure and vulnerability. The objective in the geodesign process is to 
find opportunities to reduce exposure and vulnerability for flood risk management, 
which can be divided into the domains of spatial planning and emergency planning. 
By taking exposure and vulnerability into account, better evacuation strategies and 
physical plans for flood risk management can be created. The aspects which need to 
be assessed from the exposure side are time of arrival, duration, inundation depth, 
and velocity of a flood. For vulnerability of individuals, society and assets, flood 
risk managers need to assess the opportunity for self-reliance regarding evacuation 
and resources, characteristics of local structures (buildings), characteristics of the 
physical environment, and the available opportunities to take vulnerability reducing 
measures on different spatial scales.

2  See for an extensive discussion on the concept vulnerability and its relation to exposure in the 
risk approach Birkmann (2006).



137

The geodesign approach is used to visualize, simulate, model and measure flood 
related exposure and vulnerability in order to explore possible contributions of this 
approach for decision-making and designing related to flood risk management. We 
assessed the case of Rivierenland regarding the relevant three components of expo-
sure: time, depth and velocity and related arrival time of a flood, and specified this 
for three healthcare institutions. We indicate how, for each of the three locations, 
the exposure related information can be assessed for evacuation strategies in two 
different flood scenarios. This informs the design of future land use strategies but 
also current planned evacuation routes.

Two types of information were most important in relation to the assessment. First, 
the necessary time to decide to evacuate, and actually evacuate healthcare institu-
tions in a region facing a flood. Second the depth until it is still possible to evacuate 
over land. Estimates for necessary time to decide and inform the public to evacuate 
an area are provided by Barendregt et al. (2005), and actual evacuation times for 
the riverine area are modelled by Rijkwaterstaat and HKV (2008). The latter in-
clude also the necessary capacity of material to evacuate healthcare institutions and 
other non-self-reliant people out of an area, and indicate that at least 12 h, but more 
safely 24 h are needed in order to evacuate all patients to safe areas. Together these 
numbers are indicated in Table 9.1, leading to at least 34 h for an evacuation after a 
flood started. Estimates for depth are provided by the Dutch Council for the Living 
environment and Infrastructure (RLI 2011) (Table 9.2). These are rough estimates as 
indication for this geodesign exercise.

9.4 � Case Study Rivierland, Dike Ring 43

Dike ring area 43, the Betuwe, in Rivierenland, the Netherlands was studied, re-
ferred to as ‘Rivierenland’ in the remainder of the text. The case study area was 
chosen because of the flooding data available for this area and the characteristics 
of the area. This allowed a look in to different flood scenarios, providing insight 
in the main characteristics of exposure to a flood. For our results we partly use the 
analysis of a student who wrote a master thesis under our supervision (Van der 
Biezen 2013).

Evacuation process Minimum time required to initi-
ate evacuation (h)

Decision making   4
Warning population   3
Response time   3
Hospital evacuation 24
Total 34

Table 9.1   Time estimates 
to evacuate. (Adapted from 
Barendregt et al. 2005 & 
Rijkswaterstaat and HKV 
2008)

9  The Multi-Layer Safety Approach and Geodesign
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9.4.1 � Rivierenland

The area Rivierenland is part of the eastern riverine area of the Netherlands, and 
is surrounded by the main tributaries of the Rhine delta (Fig. 9.1). We looked at 
dike ring 43, which borders the lower Rhine (the east side of this river branch) and 
the Lek (west side of the river branch) on the northern side, while the south side 
borders the largest Rhine branch, the Waal. The canal of Pannerdensch is located 
on the eastern side of the area. On the west side, dike ring 43 is closed by a dike 
called the Diefdijk, which connects the dikes along the northern and southern river 
branches. In this area the small river Linge flows from east to west, and the Am-
sterdam Rhine Canal runs on a north-south axis. This canal is built for transport 
purposes and a VIb class canal according to the European ECMT classification 
(ECMT 1992). The canal intersects the area as do some roads and railways. All 
these intersections affect flood scenarios in the area by hindering free flow in the 
east-west direction.

Before flood defence systems were built, the area regularly flooded from the 
river branches. This led to clay deposits and higher banks with sand deposits. Due 

Table 9.2   Remaining traffic possibilities during a flood. (Adapted from RLI 2011)
Water level (m) Remaining traffic possibilities
0-0,2 Cars are able to move at walking pace
0,2-0,5 People are reachable on foot
0,5-0,8 Military vehicles (and emergency services) are still 

able to drive
0,8-2 First floor of an institution remains safe
2-5 Second floor of an institution remains safe
5 < Only higher levels remain safe

Fig. 9.1   The area with an indication of the downward slope and the five subareas characterized 
by difference in height (m) and population density. (Province of Gelderland and Min V&W 2010, 
p. 12)
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to the very fertile soil provided by these deposits, the land between the residential 
areas is used for agriculture, including high revenue crops. The area can be charac-
terized as open and flat. Its height differs slightly, with a total difference of a little 
over 10 m.

In a study of the Province and the Ministry of Traffic and Water Management 
(Min V&W), the area was divided into five subareas (Fig. 9.1), mainly based on the 
height of the area and population density (Province of Gelderland and Min V&W 
2010). Several main urban centres and villages are located in the area with a higher 
population density in the east compared to the west and an estimated population of 
220.000–250.000 inhabitants (Provincie Gelderland and Min V&W 2010, p. 12). 
The different characteristics of each sub area are indicated in Table 9.3.

9.4.2 � Simulating Two Flood Scenarios

A key aspect in determining the flood risk for this area is the slope of the area and 
the location of a dike breach. Due to this slope, water will always flow to the west 
side of the area. The location of a dike breach determines the velocity of the flood-
ing. The velocity depends on the characteristics of the area behind the breach, 
but, more importantly, on the velocity of the water in the river branch (Provincie 
Gelderland and Min V&W 2010). The Waal on the south side of the area flows 
roughly three times as quick as the Lower Rhine and Lek on the northern side of 
the area.

To assess the area’s exposure to flooding, we simulated two scenarios using the 
platform Flood Lizard (Nelen-Schuurmans 2013). Flood Lizard is a GIS based, 
open source platform with a user friendly (browser based) interface for running 
flood simulations. With the two scenarios we aimed to demonstrate the benefit of 
a geodesign process in assessing and managing flood risk related decisions such as 
moment, type and time until evacuation and to indicate the role geodesign can have 
in reducing vulnerability and exposure to flooding. In this study, three basic flood 
parameters (time, depth and velocity) for dike ring 43 are assessed. The relevant 
information for the decision if, and when to evacuate three healthcare institutions in 
the area is distilled from the scenarios and translated into principles for evacuation 
strategies.

Table 9.3   Comparison of key characteristics of each of the five subareas in dike ring 43, Rivie-
renland. Five point scale indicating the relative importance from a risk perspective. (Province of 
Gelderland and Min V&W 2010, p. 18)
Area Population density Depth Velocity of flood Risk of damage Risk of casualties
1 ++ −− ++ ++ ++
2 − − + − 0
3 − 0 0 − 0
4 + + + + +
5 −− ++ − 0 −

9  The Multi-Layer Safety Approach and Geodesign
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The first scenario starts with a breakthrough of the dike near Angeren in the far 
eastern part of the area. Figs. 9.2 and 9.3 indicate the maximum inundation depth 
and the velocity of this specific scenario in the whole dike ring area. Due to the 
small slope of the area, it takes several days before the flood arrives in the west. The 
peak of the flood arrives in the most western location on the 11th day after flood-
ing has started (Van der Biezen 2013). The flood will diminish because the water 

Fig. 9.3   Maximum velocity (m/s) of the Angeren flood scenario (Flood Lizard, Van der Biezen 
2013)

 

Fig. 9.2   Maximum depth (m) of the Angeren flood scenario (Flood Lizard, Van der Biezen 2013)
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infiltrates, and pumps for normal water management, which are located throughout 
the area, drain the water back into the river system.

The second scenario starts with a breach near IJzendoorn, halfway along the 
southern side of the area (Figs. 9.4 and 9.5). A breach in the dike along the Waal, 
the main tributary, will result in a higher velocity. This is visible when comparing 
the velocity of flooding after a breach at Angeren (Fig. 9.3) with the velocity of 
the scenario IJzendoorn (Fig 9.3). This will result in higher damage in the vicinity 

Fig. 9.5   Maximum velocity (m/s) of the IJzendoorn flood scenario (Flood Lizard, Van der Biezen 
2013)

 

Fig. 9.4   Maximum depth (m) of the IJzendoorn flood scenario (Flood Lizard, Van der Biezen 
2013)
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of the dike breach (Kreibich et  al. 2009). The flooded area, however, is smaller 
since the water only floods the western part of the area (Fig 9.4). Compared to the 
scenario Angeren, the flood from IJzendoorn did not show a wave pattern through-
out the area. Instead, several areas are flooded within 5 days up to 2.5 m and remain 
flooded for several days (Van der Biezen 2013). Since timing and inundation depth 
are essential for the possibilities for evacuation, the possibilities differ per scenario. 
A stagnant inundation for several days also has consequences for the damage of 
assets, since these remain in the water for several days, increasing the impact com-
pared to a short wave which travels on after a day.

9.4.3 � Results at Three Healthcare Institutions

From the described scenarios more specific details were distilled for three health-
care institutions. These details include height, time before arrival and duration 
of the flood. The healthcare institutions are located in Kesteren, Tiel and Culem-
borg, with Kesteren in the middle of the area located near the Nederrijn-Lek side, 
Culemborg to the west and located near the Nederrijn-lek, and Tiel adjacent to 
the Waal. Figure 9.6 shows that it is possible to evacuate the healthcare institu-
tion in each situation before inundation becomes too severe for traffic (at 34 h). 
The figure show a great differentiation between the scenarios, especially with 
respect to the moment the water starts to inundate the healthcare institutions. 
The scenario Angeren is less severe regarding both the moment of inundation 
and depth. In this scenario inundation of each institution starts later, because it 
is further away from the assessed healthcare institutions. Note that these results 
only show the depth and arrival time at the location. We did not take into ac-
count the effects of depth of flooding on the infrastructure necessary to evacuate 
patients to safe areas.

Regarding evacuation, emergency managers can choose for horizontal evacua-
tion or vertical evacuation (higher floors or locations and possibility to wait until the 
flood is over) (Kolen 2013). In all cases horizontal evacuation is possible, regard-
ing depth and arrival time of the flood at each location. This is also the best option 
regarding depth, except in the scenario Angeren for the location Tiel. In this case 
(Fig. 9.6c) the water level stays almost all the time below 0.2 m and, since we did 
not plot activities to reduce the water level or reduce exposure by sandbagging, it 
seems better to retreat to higher levels in the building if the healthcare institution 
allows this.

An important aspect in evacuating healthcare institutions is the availability of 
ambulances to transfer patients to safe facilities. In order to use capacity available 
in an area efficiently geoanalysis can provide valuable information. By plotting 
each of the scenarios on the three locations it is possible to see the sequence of 
flooding (Fig. 9.7 and 9.8). Capacity-planning for the transfer of the hospital can be 
optimized by evacuating in order of arrival of the flood. For a flood from Angeren 
(Fig 9.8) the evacuation capacity should first go to Kesteren, then to Culemborg 
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and finally to Tiel (if horizontal evacuation is chosen). In the case of scenario IJzen-
doorn the order is harder to determine since Kesteren is affected earlier but less 
extreme compared to Culemborg, where the flood inundates the institution later but 
more severe (Fig. 9.7). In each case Tiel can be evacuated last.

a

b

c

Fig. 9.6   Maximum inunda-
tion depth (m) in Kesteren 
(a), Culemborg (b), Tiel 
(c) after a dike breach near 
Angeren to the east and a 
flooding from the Waal at 
IJzendoorn in the middle 
of the area plotted for 12 
days. Traffic possibilities 
(Table 9.2) are also plotted
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Fig. 9.8   Time sequence of the arrival of a flood (days) and inundation depth (m) from IJzendoorn, 
relevant for steering evacuation capacity through the region. Traffic possibilities (Table 9.2) are 
also plotted

 

Fig. 9.7   Time sequence of the arrival of a flood (days) and inundation depth (m) from Angeren, 
relevant for steering evacuation capacity through the region. Traffic possibilities (Table 9.2) are 
also plotted
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9.5 � Discussion

In this research, only components of exposure were taken into account. The deficit 
of not including vulnerability comes pressingly to the fore by comparing Kesteren 
and Culemborg. The first institution only has a ground floor, thus, the patients can’t 
retreat to a first or second floor, while Culemborg is a large hospital were this is 
an opportunity. The facility in Kesteren is more vulnerable to flooding compared 
to the facility in Culemborg. This shows that exposure and vulnerability should go 
together in deciding effectively about evacuation strategies and other flood risk 
reducing measures.

Advancement of geoinformation is necessary, and the summarizing figures con-
tain only the best possible estimates at this stage of research. Also, the relevant sec-
tor of decision-making differs for each figure. While Fig 9.6 is more important for 
spatial planners for allocating a new hospital or managers of individual hospitals to 
assess their susceptibility for a flood (and opportunities to decrease vulnerability), 
Figs. 9.7 and 9.8 are useful especially for disaster risk managers in case of a flood. 
Thus, simulations of flood can contribute to preliminary assessment, shaping risk-
perception, and advanced design decisions on different spatial scales. It can also 
inform quick assessments in order to steer capacity for evacuation in case of a disas-
ter. Both uses contribute to a further reduction of risk in case of flooding.

Our analysis is still limited by data concerning the strength of the buildings, the 
details of the build-up area with the related effects on flooding scenarios and evacu-
ation strategies. It is necessary to have more detailed data about the heights of the 
objects in the affected regions (the height of roads, location of tunnels, height and 
vulnerability of buildings and so on) to have full insight in the relation between 
flooding and possibilities to evacuate from a specific location. Currently it is not 
yet possible to have a full size assessment of possible evacuation strategies, al-
though our analysis can already inform the creation regarding timing of evacuation, 
and sequence of evacuation compared to other health care institutions. Also, more 
detailed information should be included about the velocity of the flooding and the 
effects on traffic, buildings and other objects in the environment. This can increase 
our understanding of flooding and use geodesign to further inform flood risk man-
agers in preparing and coping with a flood. Lastly, more detailed flood scenarios 
should provide hour-to-hour information (or even more detailed), since each hour 
counts in case of a flood and detailed capacity planning schemes for evacuation (as 
in Table 9.1) are available to assess hour-based information.

We showed that the physical layout of an area is a key to differentiate the extent 
of exposure and vulnerability where it concerns the healthcare institution. Coupling 
our analysis to the second and third layer of the multilayer safety approach (sustain-
able spatial planning and disaster management), reduction of exposure and vulner-
ability can take place in each of these layers (Table 9.4) and opportunities for further 
research can be ordered accordingly3. From Table 9.4, the limitations of this study 

3  Since probability and prevention were not discussed we made it a 2 × 2 matrix instead of the 
possible 3 × 3 matrix
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also become visual. In the case we only focussed on exposure to flooding, related to 
disaster management (capacity planning and evacuation strategies). Although there 
are links with vulnerability and spatial planning (i.e. the capacity of ambulances is 
related to amount of vulnerable people and information about depth and velocity is 
needed for sustainable spatial planning), geodesign could be advanced to incorpo-
rate all aspects related to the components in the risk approach and the layers.

9.6 � Conclusion

Flood risk defined by probability, exposure and vulnerability, is a highly complex 
phenomenon with which flood risk managers are confronted. Geodesign for a multi-
layer safety approach to flood risk mitigation and evacuation planning helps to con-
cretize ideas for managing such complex phenomena. However, it is also a chal-
lenging task because it shows the complexity of the decision at hand. Regarding 
evacuation the availability of roads depends on the total traffic out of an area, and a 
lower part in the road can hinder an evacuation route or even make it inaccessible. 
Also vehicle availability determines the possibilities for evacuation and the neces-
sary time after deciding to evacuate. Deciding to stay demands facilities, personnel 
and the availability of utilities like drinking water, electricity and food for the dura-
tion of the flood and recovery. In deciding about such complex situations, where 
lives are at stake, a geodesign approach can be beneficial to design and assess the 
best evacuation strategies for floods.

Table 9.4   Matrix with topics for further research to increase the capacity of health care institutions 
to cope with flood risk, based on multilayer safety and the components exposure and vulnerability. 
Aspects in bold were dealt with in this chapter

Exposure Vulnerability
Sustainable spa-
tial planning

Effects of spatial layout on flood 
scenarios

Strength of buildings, amount of 
floors

Choice of location of health care 
institutions

Availability and robustness of utilities 
like water, electricity, sewage

Design of evacuation routes 
(height, capacity)

Vulnerability of transport lines, 
provision of water, food, electricity, 
medicine

Physical configuration of health 
care institutions

Disaster 
management

Exact timing before arrival Amount of people to be evacuated 
with ambulances, other necessary 
capacity

Velocity and depth of floods at 
specific locations

Necessity of evacuation of an institu-
tion (height of building, provision of 
resources, medical employees, etc.)

Relation with other institutions 
(moment of exposure, capacity, 
etc.)

Relation with other institutions (order 
of vulnerability, capacity, etc.)

Alternatives for evacuation routes
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Geodesign for flood risk management requires detailed information for creating 
effective evacuation strategies and capacity management in case of a disaster, but 
also for design of evacuation routes and physical structures like healthcare institu-
tions (answering questions concerning the benefit of creating possibilities for verti-
cal evacuation, the best location to locate new facilities, etc.). Despite its limitations, 
just a few technical parameters concerning depth and time of arrival of a flood can 
provide insight for evacuation strategies, as was shown for the case Rivierenland. 
The relation of geodesign with multilayer safety in this case, provides new research 
directions and helps to structure information with the different layers of multi-layer 
safety and the risk approach to flooding. Since the layers are not similar to the 
components of the risk approach these two concepts can be used complementary to 
each other. By using geodesign to assess exposure and vulnerability to flood risk in 
a multi-layer safety approach, geodesign can provide additional opportunities for 
flood risk managers to reduce flood risk.
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10.1 � Introduction

Forests are important ecosystems that are able to support productive functions (e.g. 
supply of wood products and non-timber forest products) and protective functions 
such as climate regulation, air pollution filtering, regulation of water resources, 
conservation of biodiversity and protection from wind erosion, coastal erosion and 
avalanches (FAO 2005). In the last decade, around 13 million ha of forest have 
been ruined or converted to other uses each year, compared to 16 million ha per 
year in the 1990s (FAO 2010). Despite this decrease, deforestation rates are still 
alarmingly high. Therefore, there is a need to globally improve the management of 
forest resources, and particularly to take into account additional forest values (such 
as biodiversity and social functions) towards long-term sustainable management 
(Varma et al. 2000).

Paletto et al. (2013) define Sustainable Forest Management (SFM) as a dynamic 
concept with the main purpose of maintaining and enhancing the economic, social 
and environmental value of forests, for the benefit of present and future genera-
tions. Agroforestry is regarded as a promising approach for sustainable forest man-
agement (Schoeneberger and Ruark 2003). Agroforestry systems are practiced in 
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tropical and temperate regions and include traditional and modern land-use systems 
in which trees are managed together with crops for multiple benefits. These systems 
allow communities to produce food, contributing to food and nutritional security, 
and to achieve productive and resilient cropping environments. Moreover, they can 
provide a range of forest products, including fuel-wood and non-timber products, 
increase biodiversity, protect water resources and reduce soil erosion. On a large 
scale, agroforestry systems can also prevent the occurrence of extreme weather 
events, such as floods and drought (FAO 2013).

However, agroforestry projects present very complex and interdependent eco-
nomic, technical, political and social challenges, with its sustainability ultimately 
depending on the extent to which a well-coordinated land management strategy 
is designed and implemented (Sampson 1998). Decision support systems (DSS) 
have been an important tool in forest management since the early 1980s (Reynolds 
2005). Segura et  al. (2014) suggest that the future development of DSS for for-
est management should place stronger emphasis on economic models integrating 
the value of environmental services and collaborative decision making of multiple 
decision makers and stakeholders. In addition, decision support and management 
should be augmented with spatially explicit analysis as the costs and opportunities 
for different solutions have intrinsic geographic variability. A dynamic approach to 
land-use planning is needed to evaluate the long-term effects of present manage-
ment decisions (Mönkkönen et al. 2014; Varma et al. 2000).

Spatially explicit systems for forest management have been developed in the 
past, but mainly based on individual tree growth (Phillips et  al. 2003) or forest 
succession (Gustafson et  al. 2000; He and Mladenoff 1999), not taking into ac-
count economic parameters. Van der Hilst et al. (2010) studied the potential, spatial 
distribution and economic performance of regional biomass chains, using attainable 
yields for biophysical suitability. Kosonen et al. (1997) studied the financial, eco-
nomic and environmental profitability of reforestation of Imperata grasslands in In-
donesia, a monoculture in a similar area to the case study of this paper. Furthermore, 
soil erosion and biodiversity indices were also developed for different vegetation 
covers, where the slope and the richness of bird and tree species were the principal 
components considered.

From a financial perspective, Hinssen and Rukmantara (1996) built a cost Com-
parison Model for budgeting of reforestation projects. While Chertov et al. (2005) 
used geo-visualization of forest simulation modelling on a case study of carbon 
sequestration and biodiversity. Wang et al. (2010) presents an integrated assessment 
framework and a spatial decision support system as a tool to support forestry devel-
opment with consideration of carbon sequestration.

Vierikko et al. (2008) studied the interrelationships between ecological, social 
and economic sustainability at the regional scale, analysing their trade-offs. Segura 
et al. (2014) compared different decision support systems (DSS) for forest manage-
ment and concluded that the majority of DSS do not include environmental and 
social values, focusing mainly on market economic values.

Stakeholders are generally uninformed of the benefits of agroforestry and the 
factors that determine the adoption of agroforestry practices (FAO 2013). The lack 
of awareness of the consequences and benefits of agroforestry projects may lead 
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to unsustainable forest management. Therefore the tool presented can provide the 
needed awareness of the outcomes for different innovative agroforestry solutions 
including the complicated small scale permaculture approaches.

Despite the recent progress, a DSS for agroforestry management that is able 
to combine spatially explicit information with non-spatial factors and perform in-
tegrative assessments of the economic, social and environmental aspects has not 
been developed so far. In this work, we propose an interactive system that makes 
use of advanced visualization and analysis of spatially and temporally related data 
that attempts to inform and support decision making in the field of agroforestry 
management. It is intended to be useful for planners, stakeholders and managers in 
order for them to understand consequences of their spatial plans. The system was 
developed as an implementation of the emerging concept of geodesign (Steinitz 
2012; Ervin 2011). In geodesign, proposed landscape changes are directly evaluated 
against impact models previously defined, so the design ideas and solutions can be 
iteratively and collaboratively created by different stakeholders and domain experts 
(Dias et al. 2013). The plans are continuously evaluated against multiple objectives 
and continuously evolved to develop fitter (less impact) and more robust (more 
benefits) solutions.

The goal of this chapter is to present a spatially explicit DSS fully integrat-
ing the economic, environmental and social dimensions of agroforestry systems 
streamlined by the geodesign framework. The system demonstrated in this chapter 
provides:

•	 An approach to identifying the most beneficial locations for agroforestry proj-
ects based on the biophysical properties and evaluate its economic, social and 
environmental impact;

•	 A simulation environment that enables evaluation via a simple dashboard and 
with the opportunity to perform straight forward sensitivity analysis for key pa-
rameters;

•	 A tool to inform prospective investors of the potential and opportunities for inte-
grated forest management;

•	 A 3D interactive geographic visualization of the economic, social and environ-
mental outcomes to facilitate direct understanding, also by non-experts.

10.2 � Material and Methods

10.2.1 � Methodology

The system is intended to be a spatially explicit integrative assessment tool for 
agroforestry projects. It allows the comparison of the economic, social and 
environmental performance of different management options, by combining spatial 
data on biophysical features, population, infrastructure and transportation networks 
with data on economic and technical factors. It also functions as an exploratory 
tool, being deployed in an interactive environment that enables sensitivity analyses 
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of system performance for the main key factors (e.g. cost of production factors, 
market prices of commodities) and different spatial options (designs) in forest plan-
tations. The conceptual model behind the spatially explicit cost benefit analysis is 
illustrated in Fig. 10.1.

The system aims to determine the local performance of agroforestry recipes, 
defined as a mix of crops that are sequentially cultivated in a certain area. Different 
recipes have different environmental requirements, timing and economic values in 
terms of field operations, field inputs, commodities, labour needs and costs. The 
considered recipes are defined according to the opportunities and constraints set by 
the biophysical features of specific regions. Examples of recipes are given on the 
case study description (Sect. 10.3).

The performance of each recipe depends to a large extent on the local biophysi-
cal suitability, which affects the attainable yield/productivity per year for different 
species, which in turn is determined by the combination of local biophysical pa-
rameters such as soil, altitude, temperature, precipitation and slope. Suitability and 
recipes are assessed by local expert knowledge and map analysis, combining dif-
ferent biophysical layers and parameters. Recipes are specially selected to enhance 
synergies between different crops and other spillover effects such as avoiding soil 
erosion, protecting watersheds and providing regular jobs and other products.

The produced commodities entail spatially explicit field operations costs and 
inputs including labour force, planting, maintenance, harvesting and tapping, which 
are integrated in the total costs of the system. Commodities are dependent on the 
area suitability and yields per year, hectare and recipe. Commodities include timber 
and crops (such as cassava and pineapple), as well as by-products (such as broom, 
roof covers and furniture). Conversion efficiency factors are used to determine the 
final products, depending on the type of mechanism applied for the transformation. 
The user is able to introduce and change the commodities produced as needed.

Besides the revenues derived from selling the commodities in the markets and 
the production costs, there are also highly variable costs that have to be considered, 
such as transportation and storage. Transportation is one of the economic factors 
with more expression as access to the production sites is often difficult. Transporta-
tion costs are calculated on a combination of geographic data of the roads, ports and 
markets, simulating the price depending on the distance to transport the commodi-
ties via advanced network analysis. This network analysis takes into account the 
type of roads and fuel costs.

Field operations are defined in terms of the number of each operation per year, 
per recipe and per unit area. The field operations initially taken into account in the 
system are land clearing (suppression and removal of existing trees and weeds), 
seeding and planting, maintenance (e.g. weeding), harvesting and tapping.

The field inputs are the inputs needed for each field operation, such as labour 
force, fuel consumption, number of seeds and fertilizer per hectare and recipe. 
These were the initial inputs considered, but the system can support more complex-
ity as needed during the project. Additional field inputs or operations can be added 
for different progress or scenarios.
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In a first phase approach, all field inputs are combined to give a final value ($/
ha) for each field operation described. The total cost of field operations per recipe 
is calculated by the multiplication of each field operation input with the according 
number of field operations. Depending on the biophysical suitability of the area 
and the recipe to apply, a land preparation might also be required in order to refor-
est it. This land preparation, might include land clearance which is translated into 
a cost and revenue, as some materials can be sold. Since labour force is required 
for the realization of the project, it is important to take into account the location of 
the settlements to choose the most suitable location. The labour force will be deter-
mined by the hours of work needed for certain recipe and unit area. Therefore, the 
recipes can also be chosen or modified to match the amount of labour available or 
job opportunities needed. Labour has two important perspectives, as a financial cost 
for the system but also as a social output via the increase of employment rate and 
welfare improvement.

�Economic Aspect

The economic performance is determined by the Net Present Value (NPV) and re-
turn on investment (ROI), calculated based on the investment, total costs and rev-
enues. The NPV and ROI are essential economic key factors for investors’ decision. 
Specification of the investment needed for the project is also considered, being 
determined by the required number of units and costs of machinery, tools, buildings 
and conversion plants units (e.g. sawmill).

The total costs include field operations, investment and commodities costs 
(transportation and storage). The total revenues represent the sum of the cash inflow 
of the entire project, such as cash inflow from commodities, land clearance, as well 
as carbon emission permits. Both total cost and total cash inflow, are calculated per 
year, as management decisions are made yearly in the specific case study.

To assess the long-term benefits of different recipes and therefore different land 
use practices, we calculate the NPV per hectare using the following equation:

					            

(10.1)

where NPV is the net present value cumulated to year n; i is the discount rate (%); 
NPV = Net Present Value of recipe per ha ($/ha); Cash flow = Revenues − Costs ($/
ha), t = annuity period (y), N = lifetime of the project.

The discount rate, can also take into account inflation and depreciation rate. The 
annuity time period considered was 20 years, which is in line with an agroforestry 
project lifetime. When comparing investments, the one with the highest NPV, 
assuming the same discount rate, is considered the most desirable on the economic 
perspective.
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ROI is the internal annual rate of return of an investment. It is the compound 
interest rate that equates the present value of future incomes with the present value 
of future costs.

� (10.2)

�Environmental and Social Aspect

So far the system is intended as a “quick scan”, easy to use and understandable, 
therefore instead of complex indices (composite indicators), we represent the social 
performance by the number of jobs created and the environmental performance by 
the amount of carbon sequestration (CO2e tons), per recipe.

Carbon sequestration (CS) of the recipe accessed by the following equation:

�
(10.3)

jTn —number of trees of a specific tree species; Tj—specific tree species;

jTSequestration —tonnes of carbon stored of a specific tree species; t—number of 
different tree species of the recipe.

Afforestation and reforestation are included in trading schemes for carbon 
sequestration offsets, and therefore through credits generates revenue (Eq.   3) 
(Saundry 2009).

� (10.4)

Ccreditsprice—CO2 emission permits market prices; x—number of recipes on the 
agroforestry project.

However, the system is prepared to receive data from more complex indices, 
such as biodiversity or soil erosion for environmental performance. Kosonen et al. 
(1997) developed soil erosion and biodiversity indices for different vegetation cov-
ers for a case study on South Kalimantan, where the slope and the richness of bird 
and tree species were the principal components considered, respectively.

10.2.2 � Implementation

Microsoft ExcelTM was chosen as implementation environment for the modelling 
system, due to its flexibility to add and edit different parameters or values, integrat-
ing all the system parameters in different spreadsheets. Each parameter has a sheet, 
in order to ease comprehension and changes for the final user. A dashboard was 
created to gather the essential controls for the end-user where different parameter 
values can be simulated.

ROI
Total Revenues Total Costs

Total Costs
=

−

CS Sequestration CO erecipe Tj
= ×

=∑ nTj
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j
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Reforestation and agroforestry investments can be complex due to the uncer-
tain future conditions. Therefore investors are often sceptical about investing on 
agroforestry projects. To address this problem an interactive tool with a sensitivity 
analysis was built so that different parameters could be simulated. For example, 
price fluctuations can be analysed and simulated in order to evaluate its impact.

The simulation of different parameters through interactive sliders can be instant-
ly visualized spatially in an interactive 3D geographic visualization interface. In 
this interface, combining geographic location (latitude, longitude) and outcomes 
data, the user can navigate on the map, helping the comprehension of the different 
locations benefits.

This way it is possible to simulate spatial and non-spatial variations in a geode-
sign framework that can help better informed decisions, while exploring different 
possible scenarios. Besides that, this implementation provides an easy and flexible 
environment to become aware of the sensitivity to different parameters, allowing a 
combination of different alternatives and scenarios that wouldn’t be possible in a 
hard copy consulting report.

10.3 � Case Study

The methodology is generic and can be applied anywhere in the globe. A model ap-
plication has been recently developed for a specific study area in Indonesia. Indone-
sia has the third largest area of tropical forest in the world, 68 % of its landmass, and 
its impressive biodiversity is contained in those forests. Wood manufacturing paper 
and printing industry is also an economically significant sector, 3–4 % of the coun-
try GDP (Josef et al. 2009). According to 1998 data, almost 24 % of 69.4 million ha 
under logging concessions were degraded (Kartodihardjo and Supriono 2000).

The study area is located in East Kalimantan, Indonesia, where a local company 
manages a forest concession of around 200,000 ha. The concession aims to imple-
ment a sustainable forestry management strategy, profitable but also fostering de-
velopment in local communities and promoting the conservation of the surrounding 
environment. This way, economic, human development and environmental goals 
can be jointly pursued.

Sustainable use of the forest relies upon a multi-crop reforestation scheme, in 
which different trees species and crops benefit together from mutual synergies, be-
ing therefore more efficient than monoculture schemes for environmental goals 
(Gamfeldt et al. 2013). Species vary in their nutrients, sunlight and soil moisture 
requirements to establish and grow successfully (Stringer 2001). Integrating many 
different species in one unit of land with different spacing, with optimal sunlight 
utilization through a succession of species will also reduce losses of nutrients. It 
relies on an integration of growing cycles with different lengths in one total longer 
rotation of the system. The total success of an ecosystem depends on how the com-
plex processes are adapted to local conditions, and the evaluation of the recipes by 
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a local expert. Everything depends upon competition driven utilization of light and 
nutrients, as well as strategies in the process of succession during development of 
a locally stable ecosystem. Matching site-species is a necessity to promote growth 
and maintain long-term sustainability (Chokkalingam et al. 2006).

In order to maximize the productivity, a recipe has specific timing and biophysi-
cal conditions. The following recipe is an example for a wet tropical climate con-
dition on terrain with less than 30 % slopes, well-draining soil, reasonable good 
access from roads and with enough local labour and local needs for food and energy.

•	 Start: Land preparation, Planting, Fertilizing
−	 Clearing planting spots, digging planting holes, mobilizing compost;
−	 Transporting plants to field, planting trees (nitrogen fixer and sugar palms) 

and cassava mixed;
•	 Year 1: Harvest and Maintenance, new Planting

−	 Harvest of the cassava for food, animal feed and production of ethanol;
−	 Maintenance of the planted trees;
−	 Planting of banana in between the trees;

•	 Year 2: Harvest and Maintenance
−	 Harvest of the bananas;
−	 Maintenance of the trees;

•	 Year 3: Harvesting and Maintenance
−	 Fuel wood from thinning;
−	 Harvest of palm fibres;
−	 Last maintenance of trees;

•	 Year 4–6: Harvest of palm fibres and Fuel Wood removal
−	 Regular harvesting of palm fibres;
−	 In year 6 removal of the remaining fuel wood;

•	 Year 7–9: Start tapping of sugar palms
•	 Year 10: Harvesting of sugar palms

−	 Last tapping of sugar palms;
−	 Harvest of sugar palm fruits and sugar palm wood;

•	 Restarting the Recipe.

One of the species in the case study is the sugar palm ( Arenga pinnata). Besides 
yielding sugar, this palm also provides a great number of other products and ben-
efits to its users, such as bioethanol from the sugar palm juice, after fermentation 
and distillation. It has a positive contribution to small households (e.g. opportuni-
ties for additional sources of income, clean fuel for cooking, transport, electricity, 
etc.) and requires little maintenance (Mogea et al. 1991; van de Staaij et al. 2011). 
The bioethanol produced from the sugar palm can then be used to replace gasoline 
in motorcycles, small vehicles, small machines and generators, and can also be 
used as cooking fuel in special burners (Smits 2010). A mixed production system 
can therefore provide food security, energy, regulate water, support biodiversity, 
sequester more carbon, as well as create jobs year-round, because each culture has 
its harvesting period.
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10.4 � Results

10.4.1 � Interactive System

A sensitivity analysis is an important tool as an investor or manager can easily see 
the impact of parameters prices fluctuations on the project.

The goal was to produce an easy to use system, incorporated with sliders that 
can control different field operational costs. An excel sheet was created for each 
parameter, example of the field operations sheet on Fig. 10.2, which represents the 
number of each field operations per year, recipe and hectare.

The system is prepared to easily analyse or edit each recipe, whereas each column 
represents a year on the 20-year project lifetime considered and the user can change 
the number of each field operation per year and observe the impact on economic 
aspects. For example, when labour becomes a limiting factor at a certain moment in 
time (e.g. because a new industry nearby offers higher paid jobs) the absence of main-
tenance can directly be translated in terms of income and less carbon sequestered.

Commodities (Fig.  10.3) are organized in a list where the user can input the 
quantity (tons or m3) produced per year and price ($) of the crops and raw materi-
als, final products or by-products. Options to control the price through sensitivity 
analysis sliders is also provided on the dashboard.

A dashboard has been developed (Fig. 10.4) where the user is able to see the con-
tent of the recipe, the map suitability of the recipe, as well as the possibility to change 
the field operations and commodity value prices and instantly see the impact in terms 
of Total Revenues, Total Costs, Net Present Value and Return on Investment.

The objective of the sensitivity analysis sliders is to explore the critical factors 
of the agroforestry project. In the present case study, tapping and transports are the 
most critical ones. The user can also decide the area of cultivation to be calculated, 
having an instant result of that change on the dashboard. For other changes, for 
instance, when a disease wipes out certain seedling planting stock in the nursery, 
other recipes can be chosen to make up for the loss. This might mean planting fewer 
recipes but larger areas of each of them.

The distance map (Fig. 10.5) is a first approach for the decision algorithm that 
will give the most suitable locations depending on the roads and settlements avail-
able. In the Fig. 10.5, the settlements are represented as dots, and the colours de-
pending on the distance and roads available to the settlements. Green surfaces are 
the closest areas to the villages and red the most distant and inaccessible. For labour 
intensive recipes, it is more suitable to be close to the labour force.

This type of network analysis can also be applied to determine the best cost-
effective way to transport the commodities to the markets and ports.

As the project consists of a large geographical area with heterogeneous charac-
teristics, visualization can help to support planning and management. Each geo-
graphical unit has unique geographical coordinates, it is then possible to combine 
the model outputs and visualize them in an interactive 3D geographic visualization. 
In this way, the user can see which areas and recipes are more profitable (Fig. 10.6) 
or the ones that have a higher carbon sequestration or higher employment.
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An agroforestry project can have lifetimes from 15 to 30 years usually, which 
is a long-term investment, therefore it’s important to show geographically, through 
time how the project will develop and when the economic investment pays off 
(Fig. 10.7).

The interactive geo-visualization was developed using MicrosoftTM Power Map 
Preview. Each column on the 3D graph, is geographically positioned via the lati-
tude, longitude and represents the value (cash inflow, jobs or carbon sequestration). 
The user can click on the desirable column and to access additional specific infor-
mation, such as the exact value.

10.4.2 � System Application

The proposed system is hereby exemplified with a hypothetical1 case study in Indo-
nesia. A system application was developed to assess and compare the economic, en-

1  Due to company confidentiality the data presented is fictional.

Fig. 10.5   Distance to every point based on settlements and roads available
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vironmental and social impact of three different possible agroforestry approaches: a 
recipe of a monoculture scheme of timber production, a mixed recipe and a mixed 
design approach with different recipes for all the area.

As different recipes have different biophysical suitability, it’s important to maxi-
mize the use of the area depending on the suitability for each recipe. In the mixed 
recipes approach (Fig. 10.7), 5 different recipes were implemented for the entire 
area, according to their best suitability.

Analysing the three plantation schemes (Fig. 10.8 and Table 10.1), we can evalu-
ate the result of the different implementations and see which is more profitable or 
which provides more jobs or carbon sequestration.

The sliders on the recipes dashboards (Fig. 10.4) give the possibility of an inter-
active sensitivity analysis of each commodity. A sensitivity analysis of the timber 
price is illustrated in Fig. 10.9. It provides important information on the variation of 
the overall economic performance of the system due to volatility of market prices. 
In the present example, we can see that the plantation scheme with the five mixed 
recipes is less vulnerable to fluctuation of timber prices. Furthermore, NPV remains 
positive even if timber market prices are much lower than initially assumed. There-
fore, it can be concluded that financial risks are distributed over different crops in 
this plantation scheme. On the other hand, monoculture schemes appear to be much 
more vulnerable to sudden changes in commodity prices.

Fig. 10.6   Interactive geo-visualization of the net cashflow per recipe
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10.5 � Conclusions

This paper describes the methodological framework of a spatially explicit deci-
sion support system being developed for sustainable forest management, integrating 
economic, social and environmental performance.

The system could also be used as a tool to analyse beforehand the performance 
of agroforestry projects, taking into account regional-specific environmental chal-
lenges in terms of climate change and soil and forest degradation.

Reforestation projects can benefit and gain efficiency through decision support 
systems that help to evaluate the feasibility and the overall security of the project. 
The geographical visualization is also an important decision and communication 
tool, especially in large area projects with spatial variability of biophysical condi-
tions.

From an economic point of view, a higher NPV is generally desired, but other 
non-economic factors also need to be taken into account when determining project 
feasibility such as the carbon sequestration and number of jobs created. This system 
can provide insights and explore possible win–win solutions for reforestation proj-

Table 10.1   Recipes’ performance. (N.B: Fictional data due to company confidentially)
Monoculture Mixed recipe Five mixed recipes

Net present value ($) 1,042,300,000 1,586,800,000 1,972,200,000
ROI (%) 2.5 4.6 6.1
Labour needs (Jobs) 1000 5000 7500
Carbon Sequestration 
(Million tonnes)

1.1 2.4 3.0

Fig. 10.9   Timber price sensitivity analysis example. (N.B: Fictional data due to company 
confidentially)
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ects between local residents, the environment and the economy while enhancing 
transparency and fairness.

This system, integrating spatial and non-spatial information for a better decision, 
has enormous potential for geodesign in agroforestry projects as provides powerful 
information of the most beneficial location for a sustainable forest management. 
Moreover, it can inform stakeholders providing them a tool to better understand the 
impacts of the project and its exact location.

The use of suitability maps allowed assessing expected productivity and the eco-
nomic performance of growing different agro-forestry commodities. An underlying 
assumption of this approach is that the maps are static and maximum production 
yields are always attained. Negative impact from short-term events (e.g. heat waves 
or excess of rainfall) and long-term dynamic processes (changes in climate condi-
tions or soil erosion) are not explicitly incorporated in the current model. Therefore, 
the tool may over-optimize the real capacity for delivering commodities and, as a 
result, the determined economic performance can actually be lower than what is 
being determined by the model. Nevertheless, the present model is able to provide 
an indication on what could be attained under optimal biophysical circumstances, 
as well as exploring the sensitivity to changing conditions. In addition, it should be 
noted that environmental spatial externalities (e.g. resulting from the movement of 
materials such as water, soil, plants, pests and contaminants) and factors related to 
economies of scale (e.g. clustering of production systems) were not explicitly taken 
into account. Our system is nevertheless able to inform the main areas where the 
production of different commodities could become economically attractive and thus 
provide an indication for decision-makers on the areas where positive externalities 
and increasing returns to scale are worth being explored while minimizing ecologi-
cal risks.

Future developments on the system will emphasize user friendliness and spatial 
design capabilities on the interactive map, powering it up as a geodesign tool. In 
addition, the development and incorporation of more complex indices for the social 
and environmental performance should be pursued, as well as methods to estimate 
the benefits resulting from economies of scale.
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11.1 � Introduction: Geodesign and Landscape History

In this chapter, we would like to elaborate on the geodesign framework as it has 
been developed by Steinitz (2012). We will do so from a somewhat different angle, 
that is from a perspective of the historical development and the heritage of regions 
and landscapes and see an important role for geospatial technologies to make this 
operational. History and heritage do appear in several of the use cases presented by 
Steinitz in his recent synthesis (Steinitz 2012). The planning history is relevant to 
the change models, or, as Steinitz puts it, “every plan has a past” (Steinitz 2013). 
Furthermore, “heritage”, “cultural identity”, “historically significance” appear as 
constrains and/or goals that inform the decision models. Yet, in theory and practice, 
economic performance and other quantifiable criteria often take precedent. Steinitz 
acknowledges that this is a limitation: “not everything that can be counted counts, 
and not everything that counts can be counted” (Steinitz 2012, pp. 183). We argue 
that this is a particularly costly omission with regards to the historical dimensions of 
(attitudes to) the place subject to spatial intervention. Current processes in the land-
scape can only be understood properly if their long-term origins and characteristics 
are taken into account. Impacts of new interventions can only be foreseen once we 
have grasped their likely interactions with decisions and interventions taken a long 
time ago. And, the feasibility of decisions is to an important degree determined 
by attitudes and values—what Steinitz refers to as “cultural knowledge”—that are 
taking shape with reference to the past. Therefore, we argue that there should be 
explicit emphasis on the long-term perspective in all the analytical models in Stein-
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itz’s framework and that the historical character of the values that influence the 
change and decision models should be considered.

We will first introduce the concept of historical and heritage landscape and ex-
plore its historical relationship with planning and design practices. This is followed 
by an explanation of the potential value of historical and heritage information to 
geodesign. This potential is then illustrated through the example of the Dutch river 
delta. Finally, concluding remarks will summarise the practical steps that we feel 
should be taken in order to incorporate the temporal and heritage dimension in 
geodesign, with an important role for a Spatial Data Infrastructure and associated 
geospatial technologies.

11.2 � Landscape History and Heritage

Until recently, spatial planning, landscape history and heritage practices as fields 
of study and practice operated and evolved in relative isolation from one another. 
Given their historical roots, this should not come as a surprise. Spatial planning and 
historical research as professions both find their roots in Europe and North Ameri-
can in the early nineteenth century with the birth of the nation state. But whereas the 
former was strictly future-oriented, spatial interventions as a means to construct the 
nation state, historical research was embedded in a historicist paradigm, focusing on 
the distinct qualities of past eras. Therefore, spatial planners did not view the past as 
a blueprint or even point of reference for their designs and historians reconstructed 
the past without reference the present. Similarly, the first initiatives to study and 
manage built heritage in the early decades of the twentieth century focused on pro-
tection of objects, buildings and sites as if they were part of a museum collection, 
thus shielding them from new uses or spatial interventions (Janssen et al. 2014). 
This emphasis on protection persisted well into the second half of the twentieth 
century, when the definition of heritage was widened to include landscapes and re-
gions. Despite the odd dissenting voice, notably Jane Jacobs who famously argued 
that “new ideas require old buildings”, the modernist tendencies in urban planning 
and design from the 1920s reinforced planners’ rejection of the past.

Since the 1980s, a more constructive relationship can be observed between land-
scape history and heritage on the one hand, and spatial planning and design on the 
other. Postmodernism has made spatial planners more receptive to past designs and 
practices and helped to anchor history and heritage more firmly in the present and 
future. This has resulted in a number of successful initiatives to integrate histori-
cal knowledge and material heritage in (urban) landscape interventions, including 
the Internationale Baausstellung Emscher Park in Germany’s Ruhrgebiet, aimed at 
strengthening the identity of the place and strengthening its social and economic 
vitality while at the same time finding new purposes for remnants from the past 
(Raines 2011). In several countries, such examples inspired research programmes 
and planning policies explicitly aimed at the fruitful symbiosis of heritage and plan-
ning practice.
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The Belvedere Memorandum in the Netherlands resulted between 1999 and 
2009 in funding to 400 planning-with-heritage projects, a major academic research 
programme as well as an interuniversity teaching network. A recent evaluation of 
Belvedere highlights the tremendous enthusiasm invoked among planning agen-
cies, landscape designers and citizens and the major impact of the programme on 
definitions and practices in heritage management (Janssen et  al. 2014). Yet, the 
long-term impact of Belvedere on landscape planning and design in the Nether-
lands, and of similar initiatives elsewhere, is highly uncertain. The recent financial 
crisis and economic downturn and new social and demographic challenges have 
rapidly changed the field in which the planners and designers operate. Furthermore, 
a new emphasis on innovation in content (concepts such as “smart cities”, “resilient 
cities”, “sustainable cities” and “transit oriented development”) and process (new 
public-private partnerships, bottom up or citizen-led design) could well result in a 
renewed distancing between design and the past.

Through this article, we seek to help prevent such a trend and indeed inspire 
those participating in planning and design tasks, especially those applying the 
geodesign framework, to continue to seek collaboration with historians and heri-
tage practitioners and to consider the history and heritage landscape as a foundation 
layer for their practices.

11.3 � Landscape History, Heritage Values and Geodesign

The geodesign framework consists of a sound and logical series of analytical and 
interpretative steps, which should be taken in an iterative way. The first step entails 
a description of the area in the form of representation models. This step is followed 
by an analysis of the processes that operate in the area today, and, subsequently, 
by evaluation models, change models, impact models and decision models. In the 
course of this process, scenarios for change are developed, tested and adapted, a 
cycle which can be repeated to improve the quality of the decision making pro-
cess. Geodesign provides an analytical framework for creating a better future world 
based on a deep understanding of the complexities of the current landscape and of 
the impact of potential interventions envisioned by the creative minds of landscape 
designers, urban planners and engineers. Yet, the long-term character of processes, 
the often prolonged impact of decisions taken in the distant past and the influence 
of the past on social values and thus on decisions, do have an obviously place in 
the models in Steinitz’s framework, but are rarely treated systematically by those 
applying his framework. Therefore, geodesign-informed interventions could profit 
considerably from a deeper engagement with the past and historical spatial infor-
mation. Recent technological innovations have matured and as such we are now at 
a turning point where historical spatial data and information and knowledge about 
the past generated by historians and heritage scholars can easily be shared. Both 
approaches require digitization of historical data, making large bodies of data avail-
able. However, due to disciplinary unawareness and ontological issues the main dif-
ficulties are to access the information and understand the value of the data. Recent 
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technological innovations of user centric Spatial Data Infrastructures (SDI) have 
produced tools which we expect to enable aid in bridging the gap between different 
disciplines (De Kleijn et al. 2013). This is also the explicit goal of the Rediscov-
ering Landscape Programme that has recently been established between the VU 
University Amsterdam and the University of Leiden: to come to better designs and 
better decisions by incorporating historical insights in every step of the geodesign 
framework aided by applying innovative SDI technologies.

We can illustrate the value of adding a temporal dimension to geodesign by re-
flecting on the historical development, heritage and current dynamics of a particular 
landscape or region. For this purpose, we will zoom in on the landscape in which 
the first European Geodesign Summit was held, the river landscape of the central 
Netherlands, which in turn is part of the densely built-up Dutch delta. Based on this 
case study, some preliminary observations will be made about why history should 
matter to geodesign and how the application of a user-centric SDI can help in the 
process of designing with history.

11.4 � A Long-term Perspective on Landscape Change

By making a representation model (the first step in the geodesign framework) of the 
Dutch river landscape, we could list thousands of characteristics and their interrela-
tionships, even if we focus on a single environmental issue or problem. The same is 
true for a process model, although it would not be difficult to present an overview 
of processes currently operating in the area that would influence the landscape the 
most in the near future. One of the major issues is the fact that climate change and 
changing hydrological conditions ask for a reorganization of the landscape system, 
for which measures are taking place already. Yet, to understand these processes 
better, and in order to make sounder decisions for the future, we have to take into 
account their long-term nature and their historical background.

Placing recent transformations in the river landscape in a long-term context re-
veals that these transformations are of a very complex nature, that they are the 
result of path-dependent developments, and that they are guided by human deci-
sions and interventions that were often taken a very long time ago (Van de Ven 
1993; Harten 2000; Renes 2005). This becomes evident only if we consider the long 
chain of cause and effect, of natural events and human interventions, which eventu-
ally produced today’s landscape of canalized rivers, dikes, floodplains and polders. 
The human control over the rivers began rather cautiously with the construction 
of local dams and dikes in the tenth and eleventh century AD. From the thirteenth 
century onwards, virtually everywhere in the Dutch delta, these local dikes were 
incorporated into closed dike systems, forcing the rivers into a straightjacket that 
later turned out to have problematic effects, especially in seasons when the river’s 
capacity to transport water was pushed to the limits. An additional problem was that 
the river now showed a tendency to raise its bed at rapid pace as a result of sedi-
mentation within the narrow corridors between the dikes. In contrast, the inhabited 
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area behind the dikes sank as a result of the effectiveness of the drainage system 
(Renes 2005). This created an increased difference in altitude between the river and 
its inhabited environment, producing periodical floods with disastrous effects. This 
problem worsened time and again as the solution was sought in strengthening and 
raising the closed dike systems, resulting in a continuous elevation of the riverbed 
and flood plain.

The history of the river landscape thus tells a story about the long-term, the ac-
cumulated and often delayed effects of human interventions in the past. We should 
first understand the nature of this long-term development in order to predict the pos-
sible implications and impact of new interventions that may significantly change or 
continue the course of this development in the future. Yet, for this purpose, archaeo-
logical, historical and ecological data and information have to be analyzed much 
more thoroughly and systematically than has been done so far in geodesign. For 
this purpose use can be made, for example, of geomorphogenetic datasets, archival 
information on the history of water management and catastrophic events, archaeo-
logical site distribution and on-site stratigraphic information, historical maps and 
plans, etc. It is these kinds of both “hard” and “soft” data that should be combined 
in agent-based dynamic modelling.

11.5 � Landscape Change and Social Time

Careful consideration of the past also reveals that the landscape is not simply a 
huge technology that enables people to use or exploit their environment in the best 
possible way, or a technology that enables people to adapt themselves optimally to 
changing environmental, climatic and hydrological conditions, but that it should be 
seen as a social landscape at one and the same time. This explains why significant 
changes in the landscape also need social time to take place, which means that time 
is needed for people to accept and appreciate fundamental transformations of their 
living environment (Minc 1986; Connerton 1989; Gell 1992).

A historical case from the Dutch river delta that particularly illustrates this fact is 
the shift from farming to the early industrial use of the river landscape, which took 
place in the nineteenth century (Stadhouders 2010). In the farmers’ perspective, 
the landscape was not really owned by them, but the reverse was true: they were 
owned by the landscape (cf. Akkermans 1991). This means that they perceived the 
farmland as an inalienable possession of a whole family, or community, which had 
to be transmitted carefully from one generation to another. Yet, from the perspec-
tive of the early industrial entrepreneurs of the area, people obviously had a moral 
and social right to exploit the landscape and its resources to their own end, and to 
transform the floodplains accordingly (Elings 2007).

It should be realized that this shift was also made in the social context of single 
families. We have some detailed accounts of members of the farming community 
who shifted from farming practices to the systematic exploitation of clay for the 
industrial production of stone bricks (see Elings 2007 for an example from De 
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Loowaard), for which the demand increased considerably with the growth of the 
Dutch cities at the end of the nineteenth century. We know that the position of these 
innovators was highly contested from a social point of view (Stadhouders 2010; 
Elings 2007). In fact, it often took two or three generations to turn a family into a 
successful company in this new industrial sector, indicating that it took social time 
to accept this fundamental transformation of the river landscape as well. It will be 
clear that this shift brought about not only a fundamental change in people’s histori-
cal and genealogical relationship with the land, but also a fundamental transforma-
tion of the landscape and its natural biotopes as well. Therefore, in order to better 
understand socially and economically driven landscape changes, history certainly 
matters.

11.6 � The Role of Heritage Values

The social acceptability of transformations, of course, also determines the success 
of spatial transformations in the short and longer term. Therefore, the effect of hu-
man interventions in the landscape, and in fact of all processes operating in the 
landscape, is not only a matter of utility and functionality, but of social values and 
appreciations as well. We shall elaborate somewhat on this particular argument, as 
it obviously plays a significant role in the public acceptance of measures to make 
the river landscape “climate-change-proof”.

In the early 1990s, when the Dutch river delta was threatened rather unexpected-
ly by extensive floods, a debate was initiated within Dutch society about the future 
safety of the area. This debate was dominated by three different visions about the 
landscape’s future and about the question of how to deal with the rapidly changing 
hydrological situation (De Bruin et al. 1987; Landschap als geheugen 1993; Van de 
Cammen and De Klerk 2003; Ruimte voor de Rivier 2007; Van Toorn 2011). The 
first vision was a plea for entirely resetting the landscape, the second for drastically 
repairing the existing landscape system, whereas the third was a plea for conserving 
the landscape, introducing only minor revisions.

Propagating the first mentioned option, several engineers, landscape designers 
and ecologists in a sense proposed to reinvent the landscape by replacing the es-
tablished system of canalized rivers, closed dikes, floodplains and polders entirely. 
They proposed to make the Dutch river landscape “climate-change-proof” by re-
moving the dikes from parts of the landscape, thereby creating enough space for 
the rivers in the densely built-up delta, and, by combining this strategy with the 
development of wetland nature, also restoring biodiversity in the area.

The second scenario was based upon the conviction that we could stick to the 
existing system, but that the dikes have to be strengthened and raised considerably 
in order to be prepared for new and more severe floods in the future. In fact, this 
solution ignored the problem of riverbed sedimentation, resulting in a constant need 
to further strengthen and raise the dikes. Furthermore, this would mean that the new 
dikes would become very dominant elements in the landscape, which turned out to 
be a highly contested issue.
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These scenarios were opposed by a local group of inhabitants and particularly 
of artists from the region, who argued that resetting the landscape or drastically 
repairing the landscape would inevitably destroy the scenic and historic qualities 
of the Dutch river landscape, which is why they proposed to adopt a conservative 
attitude. To keep the landscape as-is does not seem to be a favourable solution in 
the light of recent floods, but somewhat surprisingly this local opposition was sup-
ported by at least some radical adherents of participatory planning, who argued that 
people have the right to choose for living in a risky environment, and that planners, 
engineers and landscape designers should not decide for them. But that is beside the 
point that we wish to make here.

What is important in the context of geodesign, is that all scenarios were based on 
an appreciation of the river landscape as heritage, that is: basic social values, with 
implicit or explicit reference to current attitudes to the past, were underlying the 
different concepts of future processes. In the third scenario, local groups adopted a 
rather essentialist notion of the landscape as a huge collection of material heritage. 
In their view, the most characteristic land forms and physical structures in the river 
landscape were created by past communities in the area—a set of lieux de mémoire 
with considerable authentic and scenic value. This view, in fact, corresponds to 
a much more common attitude towards the river landscape in Dutch society as a 
whole. This explains why so many people in the Netherlands, including those acting 
on behalf of local, regional and national government agencies and organizations for 
heritage management, strive at preserving this typically Dutch landscape product for 
our descendants, as an icon and symbol of our collective mentality (Schoonderbeek 
et al. 2006). Hands off our landscape of rivers, floodplains and dikes, for that land-
scape is the reflection of our spatial culture. The Netherlands’ contribution to the 
list of UNESCO’s World Heritage is the solidified pride of our long history of suc-
cessful water management (Van Gorp and Renes 2003). Such an appreciation of the 
river landscape as heritage, in fact, was also recognizable in the second scenario 
that proposed to repair the existing system. Yet, this scenario stressed the idea that 
the river landscape is the changeable result of the Dutch national character. Our 
ability to shape the landscape out of an indefinable mixture of mud and water, and 
so constantly resisting the whims of nature, implicitly formed the basis for the en-
gineers’ confidence in the prudent transformability of our country (Kolen 2007). 
Therefore, in the second scenario, the engineers and landscape designers involved 
adopted a developmental and certainly less essentialist approach to heritage.

In the first scenario, which proposed to drastically reset the landscape system 
as a totality, a quite different appreciation and valuation of the past was explicitly 
referred to. In this case, engineers and landscape designers emphasized that it is that 
same valuable tradition of engineering, entrepreneurship and adaptability that has 
now revealed the need to put that history behind us. According to them, the solu-
tions of the past have been stretched to the limit, but can no longer guarantee our 
safety. From such a perspective, the old spatial technology of canalized rivers, dikes 
and controlled floodplains have ultimately become a hindrance. In fact, by allowing 
the river to flow more freely, engineers will create space for an “unspoiled” wetland 
nature to dominate the landscape again. In this way a much older, pre-modern (or 
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even pre-cultural) landscape picture could be reintroduced successfully in the hy-
permodern living environment of the Dutch (De Bruin et al. 1987).

This example makes clear that exploring scenarios and solutions for our densely 
built-up river delta is much more than a technological or spatial task. It is also a 
social and cultural one, which touches on the social and heritage values that “sur-
round” the physical organization of our landscape and, in part, have also created it. 
The building of scenarios for the Dutch river area reveals the operational nature of 
very different but fundamental social appreciations of the landscape, which always 
involve heritage values, and which guide both the creative thinking and political de-
bate about the most favourable processes in the future, be it explicitly or implicitly.

To operationalise this approach, information and knowledge form a vital com-
ponent. We believe that geodesign provides the tools and technologies for different 
stakeholders to interact and debate. The location is where the different scholars 
interact and where they can exchange their disciplinary knowledge. Attempting to 
enforce the different landscape approaches to express them spatially, based on spa-
tial information, creates a ground for discussion and decision.

11.7 � Concluding Remarks

In this contribution, we intended to observe challenges of taking history into ac-
count in landscape interventions and illustrate methods to address the issues. Firstly, 
that the processes operating in landscape are always multi-scale, not only in a spa-
tial but also in a temporal sense. Secondly, that these processes are often the result 
of long-term and path-dependent developments that have been initiated by human 
decisions that were taken a long time ago. Thirdly, that these processes not only 
involve the functionality and utility of place and space, but also the social apprecia-
tion and heritage value of landscapes (cf. Bazelmans 2013). And, finally, that we 
are currently at a point where interdisciplinary cross fertilization, through using 
innovative technologies, will aid the processes given above (De Kleijn et al. 2013).

To our opinion, all these aspects of the region, of the processes operating in it 
today and of the debates regarding its future, could and should be taken into account 
to ensure the quality of the landscape intervention. The case of the Dutch river delta 
illustrates that it is indeed feasible to think about the processes of landscape change 
in this way. We hope that it will encourage landscape geographers, archaeologists, 
historians and heritage scholars to join projects in which the geodesign framework is 
applied, and that landscape designers and environmental scientists will incorporate 
historical insights into their work. This will reveal whether geodesign, by explicitly 
incorporating a historical dimension, truly facilitates fitter designs and more robust 
decisions. Finally, we expect that using innovative geospatial tools and technologies 
will aid in this process. One of the main goals of the Rediscovering Landscape pro-
gramme (De Kleijn et al. 2013) is therefore to generate theoretical and technology 
driven methodologies and empirically test them in order to generate best practices 
for more generic tools enabling to incorporate the historical dimension.
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12.1 � Introduction

Throughout the history of Western society, the classical Greek and Roman world 
has figured as a model for architectural and spatial design and planning, with regard 
to both individual buildings and entire cities and landscapes (Fig. 12.1). It might 
therefore come as a surprise that classicists—those scholars who actually study the 
classical world—have refrained from employing classical models to further modern 
needs. They investigate ancient art and architecture and even ancient town plan-
ning, but usually only as examples of the unique character of classical civilization. 
In this paper, we observe that in recent decades approaches have changed in this re-
gard and that classical archaeologists have much to offer to modern spatial planning 
and design. In regard to these changes, we will demonstrate how archaeological 
and heritage information can be integrated in geodesign-informed spatial planning 
and the role that geospatial technologies can play in this integration. A Spatial Data 
Infrastructure (SDI) has been developed and deployed for an urban design task in 
Testaccio, a neighbourhood in Rome, the very heart of Classical society. Our evalu-
ation of this case study will conclude with suggestions for further promoting the 
mutually beneficial interchange between archaeology and gedesign.
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12.2 � Recent Trends in Classical Archaeology  
and Heritage Studies

The changes that we refer to are of a contextual nature. First, in spatial terms, clas-
sical archaeologists have traditionally focused mainly on the study of ancient cities 
and, within them, of classical monuments in relative isolation, that is, as highlights 
in the history of European art and architecture. However, as a result of successive, 
post-WWII stages of theoretical thinking, ranging from processual and Marxist to 
contextual approaches, the city and its monuments are now analysed in their wid-
est spatial and social contexts (Bernard Knapp 1992; Bintliff 1991; Morris 1994; 
Millett 2007; Osborne 1987). Studies focus not only on emperors and aristocrats, 
but also on common people and slaves—the ‘people without history’, to quote from 
a famous book by anthropologist Eric Wolf (1982)—and on the world beyond the 
city, from the fertile countryside to marginal landscapes such as marshes and moun-
tains. Many excavations are now carried out on the periphery of modern Rome, to 
investigate ancient harbour and industrial areas, rural villas, vineyards and drove 
roads. Likewise, spatial analyses are performed to relate all these elements to each 
other.

A related shift can be observed in archaeological heritage management. Nowa-
days, following European treaties such as the European Convention on the Protec-
tion of the Archaeological Heritage and the European Landscape Convention, when 
we talk about the archaeological heritage of the city of Rome we refer to the entire 
assemblage of physical traces of the ancient landscape within the modern territory 
of Rome, from monuments to simple cottages, and from marble statues to the pits 
of ancient vineyards.

A second factor that is important to understand is that changing attitudes towards 
the Roman heritage is of a chronological nature. Most of the archaeological monu-
ments in the modern city date to the Imperial period. On the one hand this is because 
in that period construction techniques had reached their apogee, which of course in-

Fig. 12.1   Classical inspiration: Capitol Hill, Washington, D.C. Photo by Geoglance
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fluences the lifespan of monuments and buildings. On the other hand, sustainability 
is also heavily influenced by later perceptions of the very same objects. From the 
latter perspective it has to be pointed out that throughout the later Roman history, 
particularly Imperial heritage has been cherished and preserved, excavated and re-
stored, with the aim of glorifying the Rome of the emperors (e.g. Manacorda and 
Tamassa 1985; Painter 2005). The monuments have become symbols of that glory.

But there is of course much more than the Imperial monuments: the Roman land-
scape was and still is highly dynamic. Following the same theoretical approaches 
mentioned above, the chronological context has widened significantly in both ar-
chaeological narratives and heritage management. Attention is also being paid to 
the Iron Age hut compounds on the Roman hills that preceded the classical pe-
riod (e.g. Carandini 2007), to the periods of disintegration of the city and to the 
landscape of ruins of the Middle Ages (Menighini and Santangeli Valenzani 2007). 
Some even specialize in the archaeology of industrial buildings of the last century, 
or in the modern Roman landscape (Bjur and Santillo Frizell 2009). In fact, atten-
tion is slowly shifting to a completely diachronic history of the entire urban land-
scape of Rome from prehistory to modern times. In this context, our colleagues at 
the Swedish Institute in Rome, who are working on the Roman Via Tiburtina, speak 
of ‘urban landscape archaeology’, namely the study of the present-day urban texture 
in all its historical diversity, as a palimpsest of closely interwoven histories (Bjur 
et al. 2009). Central to this are the continuous transformation processes that have 
been responsible for this palimpsest.

A third change that can be observed in archaeological heritage management, 
also in Rome, concerns the very concept of heritage. This is a complicated concept, 
one that arouses many different associations and that is used by many scholars in 
different ways. Archaeologists dealing with heritage have commonly emphasized 
its relation with the past. Archaeological heritage is considered primarily a source 
to reconstruct the past; being able to read, to interpret this heritage is a premise for 
understanding the past. This approach can be generalized under the label of histori-
cism (Kolen 2005, pp. 70–76).

Other scholars, however, emphasize that heritage is related primarily to the pres-
ent. In this perspective, heritage is argued to relate to an idea, that is, the idea of 
having inherited something, of being the rightful heir to an object, a building or a 
specific past. In this case, heritage is perceived as a modern construction; it belongs 
to the domain of the present and is often related to political, ideological or eco-
nomic use of the past. This approach can be defined as constructivism (Kolen 2005, 
pp. 70–76). It became popular in the 1980s through major works such as those of 
Hobsbawn and Ranger (1983), Lowenthal (1985) and Nora (1984–92). In this per-
spective, the past is not perceived of as an objective historical reality. The approach 
to the past and its interpretation at any given time are rather seen as mirrors of con-
temporary society; monuments and museums are not neutral transmitters of the past 
but lieux de memoire, or places and modes through which communities, whether 
nations or other communities, create and safeguard their collective memory.

The strength of the more recent, constructivist approaches lies in promoting 
critical thinking on how the classical ideal has been constructed and used. These 
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approaches encourage us to consider how the classical monuments have been ideal-
ized, and to accept that they have never stood there the way they are presented now-
adays: they have been consciously excavated, reused or restored by popes, princes, 
politicians and even local peoples throughout the centuries. That is the case espe-
cially with the historical centre of Rome, which does not represent a homogeneous 
and stable state of affairs, reflecting the past ‘as it really was’; rather, it is a hetero-
geneous selection of monuments, buildings and artefacts of all ages, preserved and 
spatially arranged in a museum context through successive interventions.

The same critical approaches also encourage archaeologists to become aware of 
their being part of this continuous process of re-appropriation and redesign as well 
as of their responsibility towards contemporary society; again with regard to the 
Roman ‘open-air museum’, it is present-day society that maintains it, integrates it 
into the modern urban tissue and organizes it according to its own needs, whether 
these needs are related to identity formation, tourism, or urban design and planning.

12.3 � The Challenging Testaccio Project

It is this awareness that increasingly opens up the work of classical archaeologists 
to the needs of present-day society (Burgers 2007; 2009). It is also central to the 
Roman research that we are involved in, that is, the ‘Challenging Testaccio. Urban 
Landscape History of a Roman Rione’ project (Fig. 12.2). This is a joint project 
between the Soprintendenza Speciale per I Beni Archeologici di Roma, the Royal 
Netherlands institute in Rome and VU University Amsterdam. The project is fo-
cused on the neighbourhood of Testaccio, in the sub-Aventine plain, immediately 
west of the Aventine hill (Fig. 12.3). In ancient times, the city’s river harbour was 
located here. The modern neighbourhood was built on top of it in the late nineteenth 
and early twentieth century, to provide accommodation for working-class citizens. 
The neighbourhood is now being restyled and we have been invited to collaborate in 
a study of the history and archaeology of the Testaccio area, which is to inform the 
urban redevelopment process. The Challenging Testaccio project has three major 
aims that are very much in line with the recent trends in Roman archaeology and 
heritage management discussed above.

The first aim is to carry out a comprehensive landscape study of the ancient 
harbour area. This means an in-depth investigation of the spatial organization and 
use of the harbour. To that end, we have for example carried out excavations of 
the standing remains of the Porticus Aemilia (Burgers et al. in press), one of the 
largest buildings of ancient Rome and a central element of the new harbour ( Em-
porium). The excavations have been especially informative on the ancient phases 
of the building, revealing for instance the remains of a cella of a horreum, a large 
warehouse for the storage of grain.

However, the excavations have also enabled us to study significant layers of the 
post-antique phases of abandonment and reuse of the building and of the wider area 
around it. In the late Roman period, the area loses its original purpose and over the 
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course of centuries transforms progressively into a suburban countryside, maintain-
ing this character until the threshold of the twentieth century. This leads us to the 
second aim of the project: to do diachronic urban landscape archaeology as outlined 

Fig. 12.2   The Challenging Testaccio Project
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above, namely to study the Testaccio palimpsest of successive processes of ancient 
urbanization, ruralization and re-urbanization.

The third aim is in line with the recent paradigm shift in heritage approaches 
discussed in the previous section; that is, to present our archaeological and histori-
cal analyses in such a way as to inform and inspire the ongoing urban regeneration 
process. We are doing so through public outreach events and urban design projects, 
in close collaboration with the local authorities, citizen groups, architects and urban 
planners. Moreover, we have developed geospatial tools to facilitate such collabo-
rations. The remainder of the chapter will focus on the development of these tools 
and their deployment in a first experiment with archaeology and heritage informed 
planning and design in Testaccio.

12.4 � The Spatial Data Infrastructure

All three components of the Challenging Testaccio project require varied and ex-
tensive data sets and new methodological frameworks informed by multiple dis-
ciplines. The foundation for the research conducted in the project is therefore an 
integrated platform that gives access to data and information used by the various 

Fig. 12.3   Location of the Roman neighbourhood of Testaccio
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disciplines, for both disciplinary and interdisciplinary research, related to this study 
area. Given the strong interest in place and space of the different disciplines, a Spa-
tial Data Infrastructure (SDI) is created as a vehicle to develop innovative research 
strategies enabling cross disciplinary knowledge exchange and providing tools for 
interaction.

Spatial Data Infrastructures have been discussed and constructed since the early 
1990s. The aims and purposes for SDIs have evolved significantly. Whereas the first 
SDIs were static repositories with Spatial Information, nowadays SDIs are more 
focussed on providing a platform where users can efficiently cooperate to handle 
spatial data (Hennig and Belgui 2013; de Kleijn et al. 2013; Rajabifard et al. 2006). 
Within the Challenging Testaccio project, we approach an SDI as a collaboration 
platform in which geospatial tools and services enables users to interact and make 
use of each other’s disciplinary knowledge. Therefore, the user is placed at the heart 
of the development process, aimed at generating a useful and user-friendly SDI.

Developing the User-Centric SDI for Challenging Testaccio is done iteratively, 
through successive “waves” of design, deployment and evaluation. Together these 
different waves produce building blocks with information and functionality with 
which the Challenging Testaccio SDI is built. Focussing on particular sub projects 
enables us to get a clear view on the user requirements for data and functionalities, 
making the development process steered by users thus stimulating high usability.

So far, only the first wave has been fulfilled. This first wave was led by the SDI 
developers, as many of the participants in Challenging Testaccio had little to no 
knowledge of GIS and were therefore unable at the outset to accurately formulate 
their data and functionality needs. It included basic GIS training to programme 
participants, the collecting of all available historical and heritage data related to 
Testaccio, and the development and deployment of an app in a planning and design 
competition.

Starting point for developing the app is the idea that archaeological, historical 
and heritage information presented in an interactive mapping interface can support 
the dialogue between future oriented disciplines like spatial planning and archi-
tecture and past oriented disciplines like archaeology and history, enabling both to 
make better informed decisions in understanding, using and discovering historical 
and heritage features. The app was developed as a digital version of the biography 
of the landscape research strategy described and discussed by Roymans (Roymans 
et al. 2009). Based on the biography of the landscape research methodology, the 
information in the app has been elaborated to be usable for designers and spatial 
planners. Besides carefully selected historical maps, geotagged historical images 
and points of interest representing the museo diffuso developed by SSBAR (Sebas-
tiani and Serlorenzi, 2008), a retrospective cartographic reconstruction was inserted 
into the app (de Kleijn et al. 2013). This cartographic reconstruction is obtained by 
analyzing historical maps in combination with an analysis of archaeological exca-
vations. It contains thematic maps representing all significant transformations of 
Testaccio. The spatial information available in the app is also accessible through 
services for other purposes. However, since the app is meant to be used outdoors, a 
direct connection between the SDI services and the app is not in place. All spatial 
information are integrated in the app and stored locally on the device.
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To test the hypothesis that the app stimulates interdisciplinary interaction result-
ing in better historic and heritage informed decisions an experiment was organised. 
Thirty-one architecture students, divided in groups of three, were given the task to 
develop a design for a particular square in Testaccio. Half the groups worked with 
the app, the other half with conventional sources including books, maps and photo-
graphs, enabling to measure differences between the different groups by analysing 
their results and by questionnaire surveys before and after the design task.

The experiment was done on a relatively small sample and the participants were 
presumably slightly biased since they were educated to design with heritage and in-
formed of the organisers’ objectives. Nevertheless, the results of the experiment do 
suggest that, overall, the architects considered the app useful to the task (De Kleijn 
et al. forthcoming). Participants stated that they used 40 % (n = 17) of their time 
in consulting the app during the design task. The percentage they were willing to 
reserve budget to develop the app is 20 % (n = 31). A more detailed examination of 
the questionnaires that were completed by the participants will need to reveal which 
data and functionalities they found particularly useful.

This analysis will be the starting point for involving designers and planners 
closely in the further development of the SDI and tools such as the app. The app was 
developed based on insights from previous attempts at heritage and planning inte-
gration (Bosma and Kolen et al. 2010; Elerie and Spek 2010; de Kleijn et al. 2013). 
Yet, the data and functionality of the app, including the cartographic reconstruction 
and the interface, were developed by non-architecture past-oriented researchers. 
Furthermore, to promote truly transdisciplinary methods, follow-up experiments 
in subsequent waves should also involve participants from disciplines other than 
planning and design. Nevertheless, the GIS training, data inventory and experiment 
have produced valuable first building blocks for the SDI.

12.5 � Conclusions

The geodesign framework has always had the scope to involve archaeological and 
historical information in analysis, design and evaluation tasks. Yet, the changing 
character of archaeology, as outlined in this chapter, provides new opportunities to 
fulfil this potential. Archaeologists have widened their spatial, chronologic and the-
matic scope and become more inclined to connect their research to the present and 
the future. As a result, the information they produce is more attuned to the needs of 
planners and designers. As highlighted by the Testaccio design competition, when 
presented in attractive and interactive formats, this information can inform spatial 
interventions. Yet, our evaluation of this competition also highlights that more is re-
quired in order to facilitate a creative exchange between the past and future oriented 
disciplines and develop truly transdisciplinary methods. In particular, representa-
tives of these disciplines should be given joint task, to become acquainted with each 
other’s methods and to stimulate the formulation of new, joint lines of research. As 
highlighted by the Testaccio SDI, geospatial technologies can play a facilitating 
role in this process, but only if the users are closely involved in their development.
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13.1 � Introduction

Knowledge of spatial design is at the core of landscape architecture. This implies 
that the development of skills for exploring and defining landscape designs as 
architectonic compositions is a necessity for landscape architects (Steenbergen 
et  al. 2002; Dee 2001). The concept ‘composition’ refers to a conceivable ar-
rangement, an architectural expression of a mental construct that is legible and 
open to interpretation. In that respect the landscape design is regarded as an ‘ar-
chitectonic system’ by which rules of design common to all styles are established 
(Colquhoun 1991; Steenbergen et al. 2002). Landscape design research is a ve-
hicle to acquire knowledge of spatial composition via architectonic plan analysis. 
It is a matter of developing and deploying spatial intelligence, the architectural 
capacity or skill to think and design in space and time (Gardner 1999). This 
includes the ability to understand, represent and construct landscape architec-
tonic compositions. Because the fundamental importance of spatial intelligence, 
designers have always been eager to employ manual and digital media which 
can support thinking and communicating about spatial compositions (Zube et al. 
1987; Bishop and Lange 2005; Nijhuis 2013). These tools are extensions of the 
designers’ perception and help to measure what we see and determine also how 
we see (e.g. Horrigan 1995). Here seeing is equated with knowledge acquisition. 
In fact this dialectic between research and the involved technology (the tools) and 
the representation and interpretation of reality has been at the core of science and 
art for centuries (Kemp 1990).

193© Springer International Publishing Switzerland 2014
D. J. Lee et al. (eds.), Geodesign by Integrating Design and Geospatial Sciences, 
GeoJournal Library 1, DOI 10.1007/978-3-319-08299-8_13 



S. Nijhuis194

13.1.1 � GIS In Landscape Design Research

Although GIS is potentially a powerful tool for landscape design research, in 
landscape architecture GIS is often regarded as a landscape planning tool or ‘map 
machine’ to document, visualize and present geographic realities. But not as a tool 
to increase spatial intelligence for landscape architectonic research and design. 
However, Jack Dangermond—founder of ESRI and landscape architect—points out 
(‘Foreword’ in: Longley and Batty 2003):

The real heart of GIS is the analytical part, where you explore on a scientific level the 
spatial relationships, patterns and processes of geographic, cultural, biological and physical 
phenomena.

Although landscape architectonic phenomena are not mentioned, this definition im-
plies a wide range of possible applications of GIS in landscape design research, 
since geographic (contextual) relationships and spatial patterns and structures are 
key concepts for understanding landscape architectonic compositions. Via advanced 
spatial analysis GIS generates specific information which can reveal knowledge 
contained in landscape architectonic compositions. It facilitates researchers in land-
scape architecture to get a grip on spatial (future) realities by offering a vehicle for 
capturing, analyzing, manipulating ideas, forms and relationships in a geographic 
context while using visual representations.

13.1.2 � Objective and Structure

This study explores the application of GIS in landscape design research in order to 
get a grip on the ‘DNA’ of landscape architectonic compositions. The presumption 
is that GIS offers a tool for measurement of relevant and new aspects of the com-
position—influencing what knowledge we acquire—as well as provides an alterna-
tive way of understanding compositions—influencing how we acquire knowledge. 
But how can landscape architectonic compositions be studied in a transparent and 
systematic way? What GIS-based methods and techniques are suitable for mod-
elling, analyzing and representing them? How can these GIS-based methods and 
techniques be applied in landscape design research and what are the results? What 
are the possibilities and limitations of GIS for the development of landscape design 
research methods and techniques, and what is the contribution to the design-knowl-
edge apparatus of landscape architecture?

Although these questions cannot be addressed fully here, this chapter aims to 
showcase some applications of GIS for the analysis, simulation and evaluation of 
the landscape architectonic composition ‘from the inside out’, exemplifying the po-
tential of GIS in landscape design research. Although other aspects of the composi-
tion are also very important, this chapter focusses mainly on GIS-based analysis of 
visibility (cf. Ervin and Steinitz 2003). A more complete account on the possibilities 
of GIS in landscape design research can be found in Nijhuis (2015).
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The next paragraph elaborates on a framework for landscape design research, 
followed by a GIS-based visibility analysis, exemplified by case studies of Piazza 
San Marco and Stourhead landscape garden. The chapter closes with conclusions 
and prospects for GIS-based landscape design research.

13.2 � Understanding Landscape Architectonic 
Compositions

Landscape architectonic compositions embody a great wealth of design knowledge 
as objects of our material culture. They carry knowledge about how to satisfy cer-
tain requirements, how to perform tasks, and it is a form of knowledge that is avail-
able to everyone (Cross 2006). In particular, by studying landscape architectonic 
compositions knowledge can be acquired of the possible relationships between 
conceptual thinking and the three-dimensional aspect (Steenbergen and Reh 2003). 
In this respect the landscape design, as expressed by its spatial composition, is a 
container of design knowledge and serves as a basis for new designs (Nijhuis and 
Bobbink 2012). Therefore landscape architectonic compositions can be considered 
as an important source of design knowledge.

13.2.1 � Analytical Framework for Landscape Design Research

Grounded in the notion of precise geographic and geometric delineation of land-
scape architectonic compositions Steenbergen cum suis proposed a framework for 
landscape design research (Steenbergen and Reh 2003; Steenbergen et al. 2008). 
This analytical framework consists of four general categories that lay out the rela-
tion between the various aspects of the architectonic form and its perception in a 
systematic way. By application of this analytical framework the design principles 
that constitute the design can be understood. It provides the basis for a deeper un-
derstanding of the landscape architectonic composition via analysis of the:

•	 Basic form: the way in which the topography of the natural landscape or the 
man-made landscape is reduced, rationalized and activated in the ground plan of 
the design;

•	 Visible form: the form and functioning of three-dimensional landscape space, 
which creates a spatial dynamic. This might be, for example, the framing of 
a landscape or urban panorama, or the construction of a spatial series along a 
route, making a pictorial landscape composition;

•	 Metaphorical or symbolic form: the way in which symbolic, iconographic and 
mythological images and architectonic structural forms are connected with one 
another and with elements from nature, such as water, the relief and vegetation. 
Routes are important operative structures accommodating narratives of design 
and reception;
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•	 Programmatic form: the spatial program leads to a functional zoning or layout in 
relation to logistics and functional patterns of movement (path structure).

This study utilizes GIS as a tool for landscape design research in order to acquire 
knowledge from landscape architectonic compositions, offering possibilities for 
measurement of relevant and new aspects (what) as well as offering an alternative 
way of understanding (how) (Fig. 13.1). However, the remainder of this chapter will 
elaborate on the application of GIS in exploring the visible form of the landscape 
architectonic composition using an architectural landscape and urban landscape as 
example. The application of GIS in exploring the basic form, symbolic form and 
programmatic form, as well as an elaboration on GIS in visible form research can 
be found in Nijhuis (2015).

13.2.2 � GIS-based Analysis of Visible Form

Visible form is about the visual manifestation of three-dimensional forms and their 
relationship in outdoor space, expressed by its structural organization (e.g. balance, 
tension, rhythm, proportion, scale) and ordering principles (e.g. axis, symmetry, 
hierarchy, datum, transformation) (Hubbard and Kimball 1935; Bell 1993). Visible 
form refers to the appearance of objects; it is about the ‘face’ of the composition. 
However, the meaning attached to it is referred to as semantic information, and is 
dependent on the receiver (Haken and Portugali 2003; Blake and Sekuler 2006).

Here landscape architectonic compositions are regarded as visibility fields and 
address those parameters that are observable by a viewer located within space 
(a horizontal perspective), and those configuration properties that can be discov-
ered by visual experience evoked by optical axes, visibility fields and sequences of 
visual information (Psarra 2009; Tzortzi 2004). The concepts of visual perception 
such as organization of visual logic, space-making, composing views and the con-
trol of movement are important properties to be explored (Nijhuis 2011). In order to 
convey the composition from an observers point of view and to enable visual analy-
sis of the landscape Tandy (1967) introduced the concept of isovists or viewsheds. 
An isovist or viewshed is an area that is visible from a specific location, also called 
“limit-of-vision plottings” or “visual watersheds”. Early applications can be found 
in Higuchi (1975), Lynch (1976) and Benedikt (1979, 1981).

Due to advances in computer science visibility-analysis is nowadays a wide-
spread phenomenon with a broad palette of applications (e.g. Nijhuis et al. 2011). 
Moreover, advances in GIS offer researchers in landscape design interesting clues 
to engage in the field of visual research, particularly the GIS-based isovists (sight 
field polygons) (e.g. Batty 2001; Rana 2002) and viewsheds (e.g. Gaffney and 
Stančič 1991; Wheatley 1995; Llobera 2003). Both concepts address the physiog-
nomy of space with visibility as a key element. The potential of ‘being able to see’ 
is mapped out and addresses plausible and/or probable visible space (Fisher 1995, 
1996; Weitkamp 2010). It exposes spatial patterns composed of open spaces, surfac-
es, screens and volumes as it could be experienced by an observer moving through 



13  GIS-based Landscape Design Research 197

a virtual space, making use of GIS-based isovists and viewsheds. The technical dif-
ference between the two concepts is that the raster-based viewsheds represent parts 
of space that are visible, taking into account vertical viewing angle and elevation, 

Fig. 13.1   Framework for GIS-based landscape design research. This study utilizes GIS as a tool 
for landscape design research in order to acquire knowledge from landscape architectonic com-
positions, offering possibilities for measurement of relevant and new aspects (what) as well as 
offering an alternative way of understanding (how). In this chapter the focus is on the analysis of 
the visible form. (Source: Nijhuis)
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while vector-based isovists consider visible space in the horizontal plane. The result 
is a closed polygon that can be characterized with different numerical parameters 
(Batty 2001; Turner et al. 2001).

13.3 � Two Examples of GIS-based Visibility Analysis  
in Landscape Design Research

This section explores the use of GIS-based viewsheds and isovists in landscape 
design research in order to reveal some important aspects of the visible form of 
two well-documented examples: Piazza San Marco (Venice, Italy) and Stourhead 
landscape garden (Wiltshire, UK). Both sites are widely acknowledged for their 
designed spatial qualities and articulated visual system, which have the potential 
to be tested and verified by means of GIS. The GIS-based analysis offers an actual 
(non- or a-historical) and formal reading of the sites and showcases that GIS-based 
isovists and viewsheds have the potential of measuring visual phenomena which are 
often subject of intuitive and experimental design. The description of the examples 
is based on Nijhuis (2011, 2015), here also more backgrounds can be found on the 
theory and methods, as well as the modeling, analysis and visual representation 
with GIS.

13.3.1 � Digital Landscape Models

As a basis for the GIS-based landscape design research both examples are digi-
tized and abstracted into highly accurate geo-referenced Digital Landscape Models 
(DLMs) by means of GIS, CAD and 3D-modeling software. The DLMs consist of a 
terrain layer, a Digital Elevation Model (DEM), supplemented with a volume layer 
of 2D and 3D referenced objects, like buildings, trees and other artefacts (Li et al. 
2005; Van Lammeren 2011). This DLM can be represented via a surface, vector or 
raster definition in a 2D or 3D geo-referenced setting. In this respect the DLM is 
merely a representation of things that exist and represent the landscape architec-
tonic composition in the formal system of the digital world (Van Lammeren 2011).

The DLM of Piazza San Marco is based on data derived from field surveys by 
the University of Venice (1:100; 1:500) and research by Samonà et al. (1970) and 
Morresi (1999). The DLM of Stourhead landscape garden is mainly based on recent 
digital maps (1:2,000; 1:10,000; 1:25,000) provided by The National Trust and the 
British Ordnance Survey (2010). For the location and nature of the planting recent 
aerial photographs (orthographic) are used, as well as inventories of Woodbridge 
(1976, 1970, 1996) and field visits (2009, 2011). The reconstruction of the route 
and path-structure is based on research by Woodbridge (1976) and Reh (1995). The 
models, as well as the results of the analysis were verified and corrected via obser-
vations in the field (2009, 2011) and recent photographs.



13  GIS-based Landscape Design Research 199

13.3.2 � Piazza San Marco: GIS-based Analysis of Space 
Relationships and Articulation of Space

The Piazza San Marco is one of the quintessential parts of Venice and is highly 
appreciated by inhabitants as well as thousands of tourists. The square is a sym-
bol that represents the city of Venice, its history, politics, religion and social 
and ethical values. The vicissitudes of the piazza’s transformation are slow and 
far-reaching and have occurred over a long period of time (e.g. Samonà et  al. 
1970; Morresi 1999; Schulz 1991). The piazza is divided into two parts that 
form an L-shape: the actual piazza and the piazzetta (little square). The L-shape 
is one of the most challenging designs for a square, and the least liable to suc-
ceed. This shape has a distinct disadvantage as each branch, the piazza and the 
piazzetta, has a hidden counterpart (Figs. 13.2, 13.3 and 13.4). Nevertheless, the 
architectonic composition is very successful and is acknowledged for its spatial 
qualities such as the articulation of space and space relationships (e.g. Janson 
and Bürklin 2002; Newton 1971; Samonà 1970). Particularly the entrances to 
the square and the space-turning role of the campanile are of great importance 
to the visible form of the square, which can be explored by means of GIS-based 
isovists (Nijhuis 2011).

Fig. 13.2   Piazza San Marco, 2010. (Photo: Nijhuis)
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Fig. 13.3   Plan of the Piazza San Marco. Dionisio Moretti, 1828. (Source: Supernova Edizioni)

 

Fig. 13.4   Three-dimensional model of the square. (Model by Nijhuis and Wiers)
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�Entrance from the Clock Tower

As Piazza San Marco is a square, the experience of visible form is not directed by 
paths or routes, but by the entrances to the square and the visual effect of the archi-
tecture and space relationships.

Here the visible form of the approach to the square via the Torre dell’orologio 
(Clock Tower) is analyzed. This clock tower is one of the most important links be-
tween the piazza and the rest of the city. GIS-based isovists (at eye-level; 1.60 m) 
are employed in a sequence of viewpoints to study the perceptual order of the en-
trance. The sequence of isovists shows the framed views into the piazza, across the 
façade of the Basilica, straight out through the piazzetta, until San Giorgio Mag-
giore. On the opposite side, it provides visual reference, taking the eye past the pi-
azza and on in the direction of Rialto. However, towards the square the optical axis 
points towards the piazzetta, to gradually open out over the whole piazza. This slow 
sequence of frontal views can also be represented as a Minkowski-model (Benedikt 
1979) showing the relation between visible form and time (movement). The model 
is a sequential stacking of individual isovists and shows the gradual change of vis-
ible space by moving forward entering the square (Figs.  13.5 and 13.6). In this 
respect the landscape architectonic composition affords movement by its openings, 
offers a sense of direction by its spatial orientation and offers arousal/attraction by 
its visual composition.

Fig. 13.5   Sequence of views entering the square at the Torre dell’orologio. (Source: Nijhuis)
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�Space-turning Role of the Campanile

The campanile acts as pivotal point or hinge on which the two spaces turn; the rela-
tively greater height of the tower, compared to the Libreria and Procuratie Nuove, 
undoubtedly enhances its space-turning role (Janson and Bürklin 2002; Newton 
1971; Von Meiss 1991). This architectural phenomenon is here further investigated 
using isovist fields.

The shape and size of the isovists is liable to change with position and therefore 
generate specific characteristics. Because of the geometrical nature of these sight 
field polygons we can characterize them mathematically. Numerical measurements 
can quantify salient size and shape features such as perimeter, area, diameter, ra-
dius, circularity, etc. (e.g. Batty 2001; Rana 2002). These measurements are turned 
into a set of scalar or isovist fields. These isovist fields provide an overview of the 
visual properties of the architectonic space analyzed. They show syntactical rela-
tions between isovists and can generate parameters such as a clustering coefficient, 
complexity or drift (Turner et al. 2001).

As visible in Fig. 13.7. the tower as occluding element gives the piazza and the 
piazzetta relative autonomy, yet at the same time they announce each other’s pres-
ence. The position of the campanile articulates the connection between piazza and 
piazzetta as an intermediate member, blocking a direct transition between the two 
areas of the piazza. As regards the movement of passers-by, this translates into a 
pause and a change in direction or division of space. This initiates an interesting 
shift of scenery, a constant change of visibility at eye-level.

Fig. 13.6   Minkowski-model from Piazza San Marco approached via the Torre dell’orologio. The 
top layer of the model represents the first isovist at the starting point; the bottom layer represents 
the last isovist. (Source: Nijhuis)
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Fig. 13.7   Serial vision from the west-end of the piazza to the south-end of the piazzetta showing 
the crucial role of the campanile in the changing visibility (degree of shifting scenery) of the spa-
tial transition from the piazza to the piazzetta. (Model by Nijhuis and Wiers)
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The shift of scenery can be calculated by using the clustering coefficient param-
eter in an isovist field at eye level. The clustering coefficient gives a measurement 
of the proportion of intervisible space within the visibility neighborhood of a point. 
It indicates how much of an observer’s visual field will be retained or lost as the 
individual moves away from that point (Turner et al. 2001). In order to show the 
impact of the campanile, a comparison of the piazza with and without the bell-tower 
can be seen. The analysis points out that the campanile has a great impact on the 
variation of visibility, and influences large parts of both squares (Fig. 13.8.).

The results from the analysis show that crucial aspects of the visible form can be 
explored using GIS. Here space relationships are studied with isovists and isovist 
fields, such as the sequential unfolding of visual space at the entrance of the square 
and the hinge-effect of the bell-tower introducing a high degree of shifting scenery. 
This example showcases that GIS enables measurement and alternative visualiza-
tion, which revealed some particularities of the perceived architectonic space which 
are often regarded as subjective and hard to represent. Here GIS made it possible to 
study spatial relationships and articulation of space in a precise, systematic/trans-
parent, and quantified manner.

13.3.3 � Stourhead Landscape Garden: GIS-based Analysis  
of Composed Views and their Sequence

A fine example of a landscape architectonic composition that provides individuals 
with composed views or ‘pictures’ is the pictorial circuit of Stourhead landscape 
garden, especially the valley garden (Moore et  al. 2000; Grandell 1993; Watkin 
1982) (Figs. 13.9, 13.10 and 13.11.). The landscape garden has a long history and 
was designed and developed by the owners themselves, unassisted by landscape 
architects (Woodbridge 1976, 1996). The valley garden has a double visual struc-
ture, with axial views and circuitous, serial views with a lake as the reflecting pool 
mirroring the scenes. The first is about stationary vision and framed views directed 
across a lake, providing scenes with Classical and Gothic emblems dramatically 
juxtaposed in a larger valley landscape. In fact, these strategic foci are goals, as a 
stage in a circuit walk and thus initiate movement. The counter-clockwise defined 
route directs the observer through slow-motion vision and tactile experience (going 
up and down) through a series of shifting views, offering sequential and gradual 
discovery of the various features involved. Multiple single viewpoints and their 
sequential/specific organization are crucial for understanding the visible form of 
Stourhead landscape garden, and are analyzed by means of GIS-based viewsheds 
(Nijhuis 2011, 2015). Since the valley garden is a designed space mainly of relief 
and vegetation, viewsheds are here more suitable for analysis then isovists, because 
it takes into account vertical viewing angle and elevation, both with wide implica-
tions for visibility.
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�Framed Views and Focal Points

The path structure facilitates the stroll starting at the Temple of Flora and ending at 
Bristol High Cross and directs the movement through the three-dimensional compo-
sition (Fig. 13.12). By following the counter-clockwise circuitous route the visual 
form becomes cinematic, because of the sequence of staged views. The axial views 
are framed by contrasting masses of light- and dark-toned trees and under planting. 
As a result several composed picture-like views with a foreground, middle ground 
and background can be seen, reflected by the lake. Occlusion is the most powerful 
depth-cue involved, exaggerating the perceived distance. By utilizing GIS-based 
viewsheds it was possible to analyze the visible area from the major viewpoints, 
measurement of the (angular) extent of the views and object count within the view 
(Figs. 13.13 and 13.14).

The viewshed-analysis points out that the optimum angular extent of the com-
posed views corresponds with the center of the field of vision in the range of 20–30 ° 
binocular view (Table 13.1). This corresponds with the zone with the highest degree 
of acuity in our field of vision (Snowden et al. 2006; Ware 2004). The analysis sug-
gests that this is the decisive factor for framing the view and (visual) grouping of 
the focal points in the scene. It is designed ‘by eye’ as a three-dimensional paint-
ing or theatre, rather than using rulers and a compass. This perceptual order is also 

Fig. 13.9   Stourhead landscape garden, 2011. (Photo: Nijhuis)
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expressed in the metric length of the lines of sight between the focal points across 
the lake establishing the axial relationships. The average distance is about 431 m 
making sure that that the artefacts and their characteristics can be recognized. The 
maximum distance for recognition of characteristic elements in a landscape is about 
500 m (Van der Ham and Iding 1971).

It would be interesting to compare these findings with other landscape archi-
tectonic compositions in order to find other angular and distance relationships in 
composed views. Also other aspects such as the topographical height of the visible 
objects in the view, or relationships in occlusion and visibility per view, remain 
interesting clues to be investigated by means of viewsheds.

�Sequence of the Views

The slow-motion vision through following the path, offers sequential frontal and/or 
lateral perception of scenes and gradual discovery of the various features involved. 
This gradual change offers a sense of scenic intricacy that arouses and sustains 
curiosity. Upon arrival, the focal points (i.e. the temple) are used for enjoyment 
and repose for those walking through the valley garden and become viewpoints for 
other scenes as stages in the circuit walk.

Fig. 13.10   Plan of the valley garden at Stourhead. F.M. Piper, 1779. (Source: Royal Academy of 
Fine Arts, Stockholm)
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The resulting cinematic experience is a reflection of the visual story being told; 
and the storyline becomes a physical construction, starting originally at Stourhead 
House and ending in Stourhead’s Inn (Woodbridge 1976). Usually only citing the 
extant features, scholars have imposed divergent allegories upon the garden (see 
Magleby 2009 for an overview). Whether or not a specific iconographic program 
was in the mind of the gardens creators, they surely created a dream world inhabited 
by the gods, goddesses, and heroes of classical antiquity and England’s history.

With regard to the allegorical nature of the pictorial sequence organized by the 
circuitous route, the views are analyzed via counting and characterizing the ele-
ments within the views (Fig. 13.15). The analysis show that almost every view (in 
the present state) contains juxtaposed Classical and Gothic architecture suggest-
ing an allegorical dialogue between historical events. Note that there is a balanced 
amount of artefacts within the view counting an even number of emblems. In other 
words, every Classical element is counterbalanced by a Gothic iconographic ob-
ject. It also interesting to consider the relation of the viewpoints and the course of 
the path. In a horizontal direction there is a certain timing, with varying intervals, 
between the major views. In vertical direction the relation is in going upward and 
downward e.g. descending to the Grotto, ascending to the Pantheon and the steep 
climb to the Temple of Apollo. Whether this tactile experience and the related stag-
ing of views reflects a story with a deeper meaning, or is a kind of memory system 

Fig. 13.11   Three-dimensional model of the valley garden. (Model by Nijhuis and Wiers)
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facilitating pleasure and relaxation, it is a rich site which promotes and provokes a 
wide range of emotions, ideas and stories.

At Stourhead landscape garden the analysis of the angular extent, the visual cov-
erage of (composed) framed views and counting focal points by means of views-
hed analysis, especially their angular extent in relation to the physiology of vision 
and the balanced amount of emblematic focal points within these views, gives an 
interesting result. Here GIS enabled the measurement and visualization of their se-
quential relationship in time, based on slow-motion vision by walking, taking into 
account tactile properties such as differences in heights along the course of the path.

Fig. 13.12   Path structure and related major viewpoints in the valley-garden. (Source: Nijhuis)
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Fig. 13.13   Viewshed analysis from viewpoint 1 (Temple of Flora) and corresponding view. 
(Source: Nijhuis)
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Fig. 13.14   Viewshed analysis from viewpoint 5 (Pantheon) and corresponding view. (Source: 
Nijhuis)
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13.4 � Conclusion and Outlook

Although there is a lot left to be explored in the examples, this chapter exemplified that 
GIS-based landscape design research can offer clues for deeper understanding of par-
ticular spatial phenomena that constitute visible form. By exploring the physiognomy 
of the composition, as it is encountered by an individual within it, moving through it, 
it is possible to acquire object related and typological design knowledge on visual as-
pects. This is important for acquisition of design knowledge, but is also crucial in man-
agement and restoration of sites like Stourhead. GIS turned out to be a useful vehicle 
for systematic and transparent research of the visible form. Moreover the discussed 
examples showcase that GIS-based isovists and viewsheds have the potential of mea-
suring visual phenomena which are often subject of intuitive and experimental design, 
taking into account physiological, psychological, and anthropometric aspects of space. 
It offers the possibility to combine general scientific knowledge of visual perception 
and wayfinding with the examination of site-specific design applications.

Table 13.1   Comparison of the views; extent of the view in angular degrees and metric length of 
lines of sight. The optimum angular extent is determined by the occluding objects in the middle 
ground, framing the view that contains the focal points. (Source: Nijhuis)

View 
point 1

View 
point 2

View 
point 3

View 
point 4

View 
point 5

View 
point 6

View 
point 7

Mean Std. 
dev.

Temple 
of flora

St. 
Peters 
pump

Grotto Cottage Pantheon Temple 
of 
Apollo

Bristol 
high 
cross

Maximum 
angular 
extend of 
the view

  53 X   67   43   62   86 36 57.83 17.97

Optimum 
angular 
extend of 
the view

  28 X   31   28   22   32 24 27.50   3.89

Angular 
extend 
between 
foci

  14 X   23   12 13(30a)   60 12 22.33 18.92

Maximum 
distance 
viewpoint-
focal point

368 1440b 318 497 494 3120b 478 431.00 82.57

Minimum 
distance 
view-
point—
focal point

306 X 343 305 324   320 90 281.33 94.76

Measurements based on calculated viewsheds, decimal figures converted to an integer angular 
extend in degrees and distance in meters
a Incl. Temple of Apollo
b Outside the valley garden
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This chapter exemplifies the potential of GIS as a tool for landscape design 
research while enriching the analytical framework of Steenbergen cum suis, here 
particularly regarding analysis of the visible form. Although other aspects of the 
landscape architectonic compositions are not addressed here, such as aspects of 
the basic, symbolic and programmatic form, it seems that GIS could be useful for 
landscape design research exploiting GIS in its powerful integrating, analytical and 
graphical capacities in at least three fields of operation:

•	 Spatial modelling: description of existing and future landscape architectonic 
compositions in digital form;

•	 Computer-aided architectonic analysis: exploration, analysis and synthesis of 
landscape architectonic compositions in order to reveal new or latent architec-
tonic relationships, while utilizing the processing capacities and possibilities of 
computers for ex-ante and ex-post simulation and evaluation;

•	 Computer generated visual representation: representation of (virtual) landscape 
architectonic compositions in space and time in order to retrieve and communi-
cate information and knowledge of landscape design.

In order to develop GIS-based landscape research it is important to deepen and 
broaden the body of knowledge of GIS in landscape architecture in two ways.Firstly 
by following the discipline and developing specific aspects of it via applications of 
GIS in addressing the ‘same types of design-knowledge’, but in a more precise, sys-
tematic/transparent, and quantified manner. It makes for precise delineation and al-
ternative ways of representation of landscape architectonic compositions. GIS helps 
to reproduce and transfer research methodology and offers an integrative, trans-
parent and systematic approach for advanced spatial analysis. It also comprises of 
measurement (quantities), testing and verification of expert knowledge, or known 
architectonic phenomena in landscape architecture.

Secondly by expanding the field by setting in motion fundamental new 
developments via GIS in generating ‘new types of design-knowledge’ by ad-
vanced spatial analysis and the possibility of linking up/integrating other in-
formation layers, fields of science and data sources. In that respect the field 
of landscape design research can be extended by offering alternative ways to 
understand landscape architectonic compositions. GIS offers the possibility 
of integrating and exploring other fields of science (e.g. visual perception, 
way-finding studies) and dealing with complexity (more variables). Also the 
availability of other types of data such as Web 2.0, terrestrial LiDAR, Loca-
tion Based Services (LBS), and Crowd Sourcing is important in this respect. 
GIS-based landscape research offers the possibility to enrich formal reading 
by revealing tactile and sensorial potentialities of a design, which was hardly 
possible before, and also expands the analysis with data derived from psycho-
logical and phenomenological approaches addressing matters of reception of 
a design.
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14.1  Introduction

The well-being of urban dwellers is influenced by a variety components reflected 
in their perception of space. The perceived density is one of the most influencing 
response to the stimulus sensed from the environment. Many parameters influence 
perceived density: subjective and objective. Previous research has confirmed that 
the comparative volume of visible space has indicated the comparative perceived 
density (Fisher-Gewirtzman and Wagner 2003a; Fisher-Gewirtzman et  al. 2006). 
Hence, a larger volume of free space would indicate a lower perceived density. This 
was the first attempt to conduct an objective index to assign a geometrical attribute 
that can give a strong initial indication to the perceived density. Visual privacy is 
one of the parameters influences the perceived density and the well-being of dwell-
ers in their dwelling units. Visual privacy can be easily indicated by the measured 
distance between view-point and visual target. Four ranges of distances from dwell-
ing-units windows were defined (Shach-Pinsley et al. 2011) for level of privacy. 
In both works the geometry and measurements of the environment are in focus. 
Nevertheless, not only objective measures influence perception but also what is ob-
served and its significance and interpretation to the observer; personal preferences, 
type of activity, etc. A follow-up recent work, focusing on a local neighborhood was 
conducted. A hundred local residents participated in the study. Participants were 
asked to fill-in a questionnaire containing some general questions regarding their 
satisfaction from their apartments and several multiple choice questions regarding 
their perceived density, visual privacy and preference of view in every room in their 
apartments. At the same time their apartments were accurately modeled and insert-
ed into a virtual model of the neighborhood to enable objective analysis calculating 
the visible volume of space from every window in each function in all apartments 
taking part in the study.

219© Springer International Publishing Switzerland 2014
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Voxel-based visibility analysis was used to measure the visible volume of space 
from each window in each apartment. This model is presented in Fisher-Gewirtz-
man et al. (2013). The realistic environment is virtually represented in a 3D virtual 
model. This model subdivides a three dimensional virtual environment by a three 
dimensional grid where the basic component is a 3D pixel, i.e. the voxel. The size 
of this voxel and extent of environment for analysis is defined by the user. The 
model automatically counts the number of visible voxels from an indicated view-
point. The sum of visible voxels constitutes the visible volume for each view point. 
The outcomes of the visible volume of space for each window, in every room of all 
apartments were compared to the dwellers response regarding their perceived den-
sity and visual privacy. A high correlation was found between participants’ response 
to their perceived density and privacy and the measured volume of space from each 
relevant window. The full report on this study is in progress. Since every participant 
lives in a different apartment with a different view, analyzing the outcomes has 
become a very complex process.

For example, one of the participants ranked his perceived density in a room as 
very low while the measured average volume of visible space was supposed to in-
dicate on average perceived density. Since all the rest of the participants’ answers 
had high correlation with the measurements, the reason for the difference was not 
clear. The complete file including the questionnaire and the documentation of the 
apartment was revisited. His comment to the open question in the questionnaire 
indicated that this person likes very much the view of some nice green tall trees to 
be seen outside that specific window. Therefore we acknowledged that his prefer-
ence of the view compensated on the quantity of the visible space with the quality 
of view. Previous work already reported on willingness to pay for a view (Bishop 
et al. 2004) and market value of a room with a view (Lang and Schaeffer 2001). The 
assumption is that an analytical model integrating the quality of the view with the 
quantity would be much closer to explaining human perception than the subjective 
ranking of participants and objective analysis.

Another interesting and more complex example, which will be discussed and 
explored later in this chapter, is the case of one of the participants that his answers 
had high correlation with the measured volume of space. The only comment that 
drew our attention was his answer to one of the background questions: The ques-
tion focused on the participants’ satisfaction with his apartment and apartment 
house. He was expected to be very happy and satisfied since his questionnaire 
indicated on very low perceived density from all windows, visual privacy and 
that he likes the distant and close by view. Surprisingly his answer was that he is 
not so satisfied since the next door school is a great disturbance. This participant 
is a university student without any children; his reaction to the adjacent school is 
understandable. The analytical model in its present state could not refer to such 
information and produce the relevant outcome, indicating his well-being in his 
apartment. The 3D voxel based visibility model we used for calculating the vis-
ible volume of space has no indicators as to the sense and quality of elements 
contained in space. Identifying the presence of the near-by school or the profile 
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of a possible dweller and his needs and preferences would result in a much more 
comprehensive analysis.

This was the trigger to challenge us to try and develop a quantitative measure 
that will encompass also qualitative aspects utilizing geospatial data. The aim was 
to develop a 3D visibility model that would quantify the volume of visible space 
and distances along with identifying the type of objects that are contained within the 
visible space, integrating their studied influence on human perception. The valuable 
information used is drawn from GIS. In the future, such analytical outcomes may 
serve as a valuable input into the system.

A novel 3D Line of Sight (LOS) visibility analysis model is introduced. The 
model analyzes the visibility from any internal or external viewpoints regarding the 
volume of visible space and the distances of lines of sight from identified elements 
in the environment; Hence, buildings (building types), roads (road types), trees, 
topography, the sea view or any other physical entities being part of the scenery. 
This model provides the framework for integrated qualitative and quantitative pa-
rameters of the visible environment. Its great potential in a geodesign processes is 
presented.

14.2  Objectives

The main objective of this work was to develop an automated 3D visibility analy-
sis model integrating quantitative (volume and distances) and qualitative (type 
and quality) visual analysis reflecting human perception of the environment. This 
model utilizes GIS layers of information. This was subdivided into several sub-
goals:

The 3D visibility model will analyze a large extent of any environment and 
would be compatible to off the shelf drawing tools. The quantitative module of the 
model would enable measurements of the visible volume of space and will indicate 
distances from every view obstruction.

Variable view components influence the observer in different ways. GIS layers 
of information would be integrated into the geometry of the virtual model. This 
way the geometry of the virtual model would inherit the attributes from the rel-
evant GIS layer and would mark the different view components. Within its power, 
the analytical model will inform what view components are in the scenery and in 
what distance and to compile their integrated influence on the observer. Lines of 
sight projected from any view-point will identify the target (as being topography, 
trees or a building, etc.) in accordance to GIS layer of information inserted to the 
system. This way the type of element and the distance from view-point would be 
integrated in the analysis. The great potential of this model will be demonstrated 
on a case study.
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14.3  Background

14.3.1  Geodesign

In the last decade many disciplines began using GIS for applied and theoretic 
research in the areas of architecture and urban design. The ability to visualize a 
multi-variable physical condition, to analyze it in diverse ways and at the same 
time to cross information, enables a wide knowledge base for quantitative re-
search. It enables a 2D and 3D visualization of the layers of information. This 
opened up extensive research opportunities in architecture and urban design. 
Geodesign unites the art and creativity of design with the power and science of 
geospatial technology. Geodesign can produce more informed, data-based design 
options and decisions (Dangermond 2010). Geodesign may support research de-
velopment. It may support urban and architecture design and analyses through 
spatial tools. It enables visualizing a large amount of data and quick analysis to be 
used in a design process.

This work utilized GIS layers of information that are provided by the local mu-
nicipality. The information was inserted into the system for a more comprehensive 
visual analysis. This is aiming at providing an analysis that would be very close to 
the human perception meaning this model can recognize and respond to the geom-
etry of the three dimension representation of the built and natural environment to-
gether with additional characteristics on top of the geometry; such as type of build-
ing, its esthetics, the type of scenery, type of roads, etc. We know all of the above 
have different implications on human perception. Human perception is influenced 
by many visual attributes of the environment and also the status of the observer in 
a specific timing. If the same view would be observed from two different functions 
or activities it may be perceived differently.

14.3.2  Visual Analyses

A variety of analyses were developed in the past decade. Some graph approaches 
to street network make use of navigational and visibility principles. A visibility 
graph may be applied to the urban environment by imposing a regular or an ir-
regular grid on the top of urban space. Such a graph can be created in terms of 
how each point of the grid is visible to others. Visibility graph application differs 
in respect to implementation of visibility graph analysis; some of them analyze 
the open space between the built forms, while others (Kruger 1979), (De Floriani 
et al. 1994) map the intervisibility of built components. Another graph represen-
tation of the city is so called Space Syntax axial lines (Hillier 1984). This graph 
representation of the urban environment is constructed in the following way: the 
nodes are straight street segments tracing over every longest line of sight, which 
are then linked into a network via their intersections and analyzed as a network of 
movement choices.
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Turner et al. (2001) and Turner and Penn (1999) applied a visibility graph to the 
analysis of architectural space taking a grid of all existing points across the space 
rather than selecting a few key locations. Jiang and Claramunt (2002) adopted the 
visibility graph relying on a set of characteristic points in the urban layout and fur-
ther used the graph to analyze the structure of the street network. The characteristic 
points are defined as the nodes of an urban structure and visibility connections 
between them as edges schematized as a graph. This method has several advantages 
over the axial line representation: it is computable and cognitively meaningful. It 
is easier to understand and makes more sense visually, and enables a shift from the 
primal problem to the dual and back, thus providing a much richer interpretation of 
the space syntax (Batty 2004). It also allows incorporating metric distance in one 
framework with topological properties. An Integrative Visibility Graph (IVG), a 
quantitative method, based on visibility analysis of urban structure and its function-
ing was proposed by Natapov et al. (2013).

Benedikt (1979) was the first to introduce the isovist and to develop a set of 
analytic measurements of isovist properties to be applied in order to achieve quanti-
tative descriptions of spatial environment. A number of researchers have developed 
measurement methods and tools for automated ‘Isovist’ analysis, amongst them 
Turner (2003) that showed how a set of Isovist can be used to generate a graph 
of mutual visibility between locations and developed the ‘Depthmap’ for visibility 
graph analysis. Batty (2001, 2004) describes how a set of ‘Isovist’ forms a visual 
field whose extent defines different ‘Isovist’ fields of different geometric properties. 
He suggested a feasible computational scheme for measuring “Isovist’ fields and 
illustrated how they can visualize their spatial and statistical properties by using 
maps and frequency distributions. Several models have been developed to examine 
the Isovist in different ways; The ‘Spatialist’ by (Peponis et al. 1998) and the ‘Ax-
woman’ by (Jiang et al. 1999). Several methods show that visibility is connected 
to accessibility. For example, the space syntax method (Hillier 1999; Hillier and 
Hanson 1984) examines the relation between spatial configurations and movement, 
and connects them with social, cultural and economic-functional aspects.

The Spatial Openness Index (Fisher-Gewirtzman and Wagner 2003a  2006) 
can explore the 3D visibility of spatial configurations. It was the first real attempt 
to simulate human three dimensional visual perceptions (Fisher-Gewirtzman and 
Wagner 2006, 2003a). It can also be described as a 3D Isovist. SOI measurements 
of alternative spatial configurations were correlated with comparative perceived 
density, thus, the objective measurements indicated the subjective response. A voxel 
based 3D visibility analysis is the current attempt to progress the SOI measurements 
(Fisher-Gewirtzman et al. 2013). This visibility analysis model enables accurate rep-
resentation of the three dimensional geometry of the built environment, focusing on 
building structure and the terrain. Large trees can be represented similarly to build-
ings. A bounding box is defined by the user regarding the area and height of space 
within which the analysis can take place. The defined space is subdivided into basic 
3D pixels, i.e. voxels. The user may define a view-point or multiple view-points on 
a selected building for analysis and the radius (distance for visibility analysis to all 
directions). The analysis results can be visualized by a colored hemisphere, where 
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the view-point is marked in red and the visual volume of space is indicated by white 
voxels and the hidden view (shaded view) is colored in dark brown. See Fig. 14.1. 
Detailed description is provided in Fisher-Gewirtzman et al. 2013.

3D visual analysis comes closer to human perception of space since humans 
experience the 3D environment where features such as buildings, topography, and 
vegetation has a 3D presence. The impact of the three dimensional environment 
cannot be fully represented in a 2D map projection. Voxel based analysis consid-
ers the complexity of the 3D geometry of the realistic environment. The size of the 
voxel is determined by the user. The smaller the voxel is, the more precise the vis-
ibility calculation will be.

Some methods were developed to dealing with exact visibility in 3D scenes, 
without considering environmental constraints. Plantinga and Dyer (1990) used the 
aspect graph—a graph with all the different views of an object. A shadow-determi-
nation algorithm that uses a data structure, called a backprojection, to represent the 
visible portion of a light source from any point in the scene was presented by (Dret-
takis and Fium 1994). Similar approaches were also suggested by Stewart and Ghali 
(1994) and Teller (1992). The applicability of these works to a large scene is limit-
ed, due to computational complexity. Automatic generation or modeling of complex 
3D environments, such as the urban case, can be a very complicated task dealing 
with fast computational analysis. Visibility computation in 3D environments is a 
very complicated task, which can hardly be performed in a very short time using 
traditional well-known visibility methods (Gal and Doytsher 2012). Most of them 
do not support off the shelf drawing tools.

In this current work we developed a 3D visibility analysis based on Line Of 
Sight. This model can analyze large scale environments with complex detailing 
which is valuable for urban environments. The lines of sight are launched from 

Fig. 14.1   Voxel based 
analysis. The analysis results 
visualized by a colored 
hemisphere
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individual view-points indicated in advance or selected later by the user. Each LOS 
exports information regarding the distance and the type of object blocking its view. 
LOS visibility analysis is introduced in the next section.

14.4  Introducing the LOS Visibility Analysis Model

The LOS model analyzes the sum and segmentation of LOS, measuring the dis-
tances and visible volumes of space in each viewpoint selected in a virtual built 
environment. The extent of detailing is reliant upon the user. View-points may be 
indicated in advance or selected ad-hoc by the user. This model was developed in 
collaboration between architecture and computer science researchers. The plat-
form for the model is the GUIRIT (Elber 2011). IRIT is a solid modeling environ-
ment that allows one to model basic, primitive based, models using Boolean opera-
tions as well as freeform surface’s based models. The IRIT modeling package was 
originally developed by Elber (Elber  2011). IRIT has several unique features such 
as strong symbolic computation, support of trivariate spline volumes, multivariate 
spline functions and triangular patches. A rich set of computational geometry tools 
for freeform curves and surface is offered. The solid modeler is highly portable 
across different hardware platforms. The system is designed for simplicity and is 
geared toward research. As such, a graphical user interface (GUI) is not part of 
IRIT but is considered an extension package (See GuIrit). Version 11.0 of the IRIT 
solid modeling system contains tools that can aid in research and development in 
the areas of computer aided geometric design and computer graphics (Elber 2011). 
The IRIT modeling package was exploited for a whole variety of research activi-
ties.

Preparing a virtual model for analysis  Relevant data for the analysis is drawn out 
of GIS. This information is converted into a Computer Aided Design (CAD) for-
mat. This preliminary conversion is essential stage for building a digital model in 
a common format and for running analyses in various platforms. GIS includes a 
load of characteristics that needs to be simplified. In the preliminary stage the focus 
is on two layers: buildings and topography. In the GIS layers of information the 
topography is represented as height lines and the buildings as polygons with height 
characteristics. These were transformed into a CAD format saving the height char-
acteristics. In the second stage, the CAD files were transformed into the Google 
SketchUp software: 3D common simple modeling software used by potential ben-
efiters of such an analysis. The topography can be created by using the triangula-
tion command and the buildings can be represented by a simple extrude command. 
Figure 14.2 presents the SketchUp model used for this study. The next step was to 
transform the SketchUp model into a standard 3D format (OBJ). This was exported 
into the GuIrit platform with its visibility extension, as illustrated in Fig. 14.3. This 
analysis model can calculate extensive visibility volumes in large scale models in 
a very short time. In case of a tilted topographic condition where distant views are 
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common, it is very useful to be able to analyze large scale modeled environments. 
This way the actual distant views viewed by people can be represented in the virtual 
model.

This model was originally developed to enable precise visualization analysis 
in complex three dimensional environments enabling measuring the visibility of 

Fig. 14.2   The SketchUp model used as a case study for this study. Two by three km’ in size

   

Fig. 14.3   The model exported into the GuIrirt platform with its visibility analysis extension
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a person standing or sitting in a specific point in a room and looking out-side as 
illustrated in Figs. 14.4 and 14.5 presents a depth-view as visual outcomes of the 
LOS analysis for a window. Distances from the view point are indicated by colors: 
The red color represents the close distance from the inner wall and the bright-green 
represent the distant sky and all LOS that were not blocked by any object. Outcomes 
can be represented by graphs illustrating the distribution of distances. Numerical 
results are available as well.

This model enables analyzing extensive large built environments simultaneously 
in a fairly short time. It is an excellent interface for off the shelf drawing tools used 
by the potential users such as architects and urban planners. The model can provide 

Fig. 14.5   Depth-view as 
visual outcomes for the LOS 
analysis. Considering topog-
raphy and buildings. The red 
color represent the shortest 
distance (the wall in the 
room) and the green represent 
the most distant views
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Fig. 14.4   On the left illustrating visibility of a person standing in a specific point in a room and 
looking out-side. On the right an example of an apartment with view-points spread in some of the 
rooms
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separate depth-views for each component of the environment. This will be demon-
strated further in Sect. 14.6.

14.5  Introducing the Case-Study

The case-study is a small apartment located on the upper story of a small apartment 
house in a hilly neighborhood overlooking the Haifa bay (Fig. 14.6). The apartment 
is inhabited by a university student. Documentation of the case-study includes plans 
and photographs of the view from each window. The visible volume of space was 
measured using the voxel based analysis and documented for each window in the 
apartment. At the same time, the tenants’ response to the questionnaire regarding 
perceived density, visual privacy and preference of the view was explored. Fig-
ure 14.7 is presenting the apartment plan and the view from each significant win-
dow in the apartment. From each window the tenant can view ether a nice distant 
sea and mountains view or a close by green-trees view. The trees also contribute to 
his visual privacy from close by buildings by blocking the view to the neighbours.

14.5.1 � Preliminary Analysis Using Voxel Based  
3D Visibility Analysis

The visible volume of space was calculated from each window in the apartment using 
the voxel-based visibility analysis (Fisher-Gewirtzman et al. 2013). The outcomes 
were compared to the participants’ response. The virtual model used for the calcula-

Fig. 14.6   the apartment located in a hilly Haifa neighborhood overlooking the Haifa bay
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tions simulated the buildings only; no trees or any other component was simulated. 
Therefore the measurements reflect the maximum potential visible space defined 
by the surrounding built structures. In this case the view blocked by the trees was 
not considered. At the same time, the positive impact of the trees was not consid-
ered. Table 14.1 presents the visibility analysis results right next to the actual view 
from each window together with the participants’ response to the question regarding 
his perceived density. Results for the windows in this apartment were amongst the 
highest (largest visual volume of space) in all of the previous research case stud-
ies (~ 60 apartments) as expected. Correlation between viewshed calculations and 
participants’ responses  were very good. The largest volume of visible space was 
calculated for his study room (windows 1 and 2). The participants’ response was the 
highest (1—very low density) for all of his rooms. In general this apartment is facing 
a large open distant view. Therefore we expected the dweller to report on low per-
ceived density. In addition, the close-by trees add a nice green screen contributing 
to the visual privacy from close by buildings, while enabling observing the distant 
view. This can explain why despite having reduced visible volume of space, the side 
windows were ranked by our participant as 1—very low density.

14  3D LOS Visibility Analysis Model

Fig. 14.7   : presenting the apartment plan and the view from each window in the apartment
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This participant was expected to be very satisfied with his apartment. Surpris-
ingly, as mentioned in the introduction to this paper, the participants’ response to the 
general open question: “are you satisfied with your apartment?” was unexpected. 
His answer was: “not so satisfied since a close by school is a big disruption”. The 
voxel based 3D visibility analysis measures the geometry of the environment. It 
can’t consider the meaning of the geometry in reality or any other attributes that 
have subjective implication on a human view-point. Nothing regarding the qualita-
tive attributes in the visible range of the observer and inhabitants profile indicating 
on his needs or general known preferences was accumulated in the analysis. Ana-
lyzing the geometry of the environment can give only partial explanation to how hu-
mans perceive the environment. An integrated analysis regarding geometry together 
with building uses, such as the close by school could help predict this students’ 
lack of satisfaction regarding his current profile. A close by school is considered 
as a drawback because of the noise and traffic in the morning and afternoon. Same 
location may be considered as a great advantage for a different kind of user profile. 
If the participant had a child, he may relate to the close-by school as an advantage. 
Integrating additional qualitative information that influence peoples’ perception in 
a quantitative model may be a big step for spatial analysis and planning and design 
processes. Such information can be easily incorporated from GIS. In the next sec-
tion we will present the first steps to integrate GIS data to the 3D visibility LOS 
analysis model.

Table 14.1   Presenting the viewshed calculations for each room in the apartment, compared to the 
actual views from each window and to the participants’ response to the perceived density
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14.6  Case-Study Analysis

To prepare the virtual model for analysis we looked at some layers of GIS supplied 
by the Haifa municipality. We looked at the usage map of the area, where our case-
study is marked in red (Fig. 14.8). The plot right next to our case-study is marked as 
a public building (a small school). Since this map did not contain any vegetation, an 
orthophoto of the same area was considered as well (Fig. 14.9).

The information from the usage map and orthophoto was inserted in the Sketch-
Up model. In this stage the information was inserted manually as color- coded to 
the geometry of the model. To be more accurate about the trees location detailed 
photos from the actual place were used. The SketchUp model used for the analysis 
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Fig. 14.8   Haifa municipality usage map of the area. Our case-study is marked in red, next to it a 
plot marked as public building (the small school)

   

Fig. 14.9   Orthophoto of the same area showing the trees and other vegetation. The case study is 
marked in red
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is presented in Fig. 14.10: The apartment house with the case-study is colored in 
white. All other buildings are colored in grey. Roads are colored in a different hue of 
grey. Trees are colored in green and the school is colored in dark red. The yellowish 
planes inside the rooms represent the location of the view-points for analysis. The 
school is not visible from the window of this apartment. Only the shading system 
of the back-yard is slightly visible. The updated SketchUp model was inserted into 
the GUIRIT visualization extension and a set of depth-views was provided for each 
window, as illustrated in Fig. 14.11.

To demonstrate a detailed visual analysis for each component in the environment 
we focused on window no. 1 and window no. 3. This way it was possible to learn 
more about the components of the environment that may have influenced the partic-
ipants’ perception of space. The various components were isolated in accordance to 
their representation in the updated model: the current building-the case study, other 

Fig. 14.10   The updated SketchUp model integrating the GIS data regarding building uses, trees, 
streets etc. illustrating Lines Of Sight aiming from each view-point located in the apartment

   

Fig. 14.11   General depth-views regarding the geometry of the environment only
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apartment buildings, public buildings, trees, the sky and distant view, roads and to-
pography. For each view a separate histogram was processed. Updated information 
on the distribution of distances for each component was provided (the distribution 
of distances to visible trees; the distance to other buildings etc.) Fig. 14.12 presents 
the separate depth view for window no.1 and Fig. 14.13 presents the separate depth 
view for window no. 3.

The small patches of color in Fig.  14.12—‘School’ indicate the view to the 
schools’ back yard in between the trees. The numerical results show that the public 
building is quite close to the participants’ apartment. The view of the school from 
the window is almost unnoticeable, but the implications of noise because of the 
distance all along the day and traffic jams in the morning and afternoon are very 
dominant on the perception and satisfaction of the tenant.

14.7  Conclusions and Recommendations

The LOS 3D visibility analysis model is a first attempt to combine quantitative and 
qualitative attributes of the built environment in one automated model. We show the 
great potential of using the GIS layers as a natural step. The level of detailing in-

14  3D LOS Visibility Analysis Model

Fig. 14.12   Isolated depth-view for window no.1 in the apartment
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corporated in the representation of the built environment is infinite and can be done 
very easily. This work demonstrated how incorporating the function of a close-by 
building can provide an added value to the visual information and result in the 
potential well-being of a tenant. Esthetic value of built environment, or buildings 
defined for preservation in an historic sector of a city may influence the economic 
value, the willingness to live close-by and influence quality of life. This may not 
suit every inhabitant. A model that could combine a very detailed visual analysis of 
the environment regarding all visible components, their attributes and their implica-
tions on human perception; would enable ranking their value in accordance to the 
specific profile of existing or potential population. Such a model would help moni-
tor, plan and design more livable environments.

The outcomes of such analysis may be inserted in the GIS system as an addi-
tional valuable layer of information. Integration of GIS data in the LOS visibility 
analysis model is currently operated manually. No doubt an automatic transforma-
tion would contribute to the easy use in every planning and design processes. This 
is one of the next steps of developing the model.

A current study is utilizing a virtual reality laboratory to investigate the relative 
influence of variant elements in variant distances from a viewpoint on the human 
perception (Fig.  14.14). This study is expected to provide a relative index to be 
incorporated in the automated model.

Fig. 14.13   Isolated depth-view for window no. 3 in the apartment
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This model can be used as an analysis tool in case of existing built environments 
to help propose improvements. In addition, it can be used as a comparative analy-
sis tool along the planning and design development process, to compare between 
design alternatives. The future user will insert as many influencing components as 
required. Such a model would contribute much to the geodesign of our existing and 
future environments, for better, safer and healthier cities.
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15.1 � Introduction

Most old European cities have a large intact historical centre. In the past many of 
them had a strong position in terms of politics, trade and cultural activities. These 
activities from the past mostly have left monuments such as a set of buildings or 
a street pattern. Intact historical urban centres function as an attractor for cultural 
activities such as museums, art and crafts, tourism, concerts, and performances. 
All these activities and their artefacts seem to create the atmosphere and a sense of 
place (Norberg-Schulz 1971).

As a tool, Space syntax cannot analyse place character, but rather place structure. 
It can analyse the spatial configuration of past street pattern from old maps and 
correlate the results with the location of remaining significant old buildings. In this 
way an application of space syntax provides insight into why these centres were 
highly vital in the past in comparison with the present situation.

What space syntax measures is the two primary all-to-all (all street segments to 
all others) relations. On the one hand it measures the to-movement, or accessibil-
ity of each street segment with respect to all others. On the other hand it measures 
the through-movement potential of each street segment with respect to all pairs of 
others. Each of these two types of relational pattern can be weighted by three dif-
ferent definitions of distance (shortest paths, fewest turns, least angle change paths) 
which can inform urban design and planning decisions where pedestrian experi-
ence is of concern and to anticipate zones of urban activity. Each type of relation 
can be calculated at different radii from each street segment, defining radius again 
either in terms of shortest, fewest turns or least angle paths (Hillier and Iida 2005, 
pp. 557–558).

The space syntax method can be applied on a wide scale level in research on 
built environments—from the organisation of furniture in a room up to metropolis, 
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making possible to compare built environments with one another from a spatial 
point of view. Similarly, the method is a useful tool for comparison of the spa-
tial changes in a before-and-after situation of structural urban changes in an area. 
However, while the method is a tool for explaining the physical spatial set up of 
buildings and cities, the interpretation of the results from the spatial analyses must 
be done in correlation with an understanding of the societal processes and human 
behaviour.

Space syntax is under constant development. Its contribution to theories on built 
environments and methodology develop at the intersection of natural, social and 
technical sciences. So far, research projects range from anthropology or cognitive 
sciences to applied mathematics and informatics and touch upon philosophical is-
sues. The evolution of space syntax asks for communication not just between vari-
ous cultural contexts, but likewise between different scientific domains.

Obviously, there is a relationship between how human beings organize their 
life and shape spaces for their activities. What matters is the degree of accessi-
bility, visibilities, adjacencies, openness and enclosures in built environments. 
At present, there exists few precise predictable theories on how cities function. 
Most writings on urbanism, architecture and society seem to have a lack of care-
ful description of urban form, structure, a concise definition of urban space, and a 
consistent vocabulary. The success of space syntax seems to depend on at least two 
things: a concise definition of space and high degree of falsifiability and valida-
tion. The space syntax method’s independence of context makes it applicable on all 
types of built environments, independent on types of societies, political structures 
and cultures. Therefore it is recognised to be a sustainable solid analysis and re-
search method on built environments on various scale levels of a wide range of 
different cultures. In a geodesign processes, it can provide interesting insight into 
the relationship between social, cultural, and economic patterns through analyzing 
various design scenarios.

15.2 � The Basic Platform for the Space Syntax Method

Independent on cultures and architecture, all built environments have in common a 
set of private and public spaces. Public spaces open up for movement from every-
where to everywhere else. Private spaces are spaces inside buildings and gardens, 
connected to the public ones in different degrees.

Urban public space is mostly linear. Figure 15.1 illustrates how a built environ-
ment’s street grid is presented as the longest and fewest sets of axes interconnected 
with one another. The longest sight line in each urban space is represented as one 
axis. These axes are the units for calculating the inter-relationship between them. 
The reality is thus simplified as a spatial model consisting of a set of axes in order 
to calculate how each urban space relates topologically, geometrically as well as 
metrically to all other urban spaces.
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15.3 � The Axial Analyses

A global integration analysis implies calculating how spatially integrated a street 
axisis in terms of the total number of directional changes to all others in a built 
environment. Figure 15.2 shows a simple settlement, town X, consisting of a main 
street with side streets and smaller back streets. On the right side the town’s street 
network is represented as a set of fewest axial sight lines. Each direction change is a 
topological step. The right lower corner shows an integration analysis of the settle-
ment carried out by the computer program Axman, developed for space syntax. 
Various integration values are represented with grey scales. The black axes are the 
most integrated, while the light grey axes are the most segregated. As shown in the 
lower left corner, the justified graph illustrates how the system can be experienced 
from the most integrated street. In the case of the fewest line axial map, the lines 
are represented as nodes and the intersection of lines as nodal connections (Turner 
et al. 1993, p. 425). The grey scales of the nodes are the same as that used in the 
axial integration analysis.

Figure  15.3 provides an example of how to calculate the interrelation of one 
street to all other streets in town X. The back street (axis number 3) is represented at 
the bottom of the justified graph, thus at step zero. First calculate the sum topologi-
cal depth from the back street to all other streets. If one change of direction occurs 
away from the back street, one street or space is found. If two changes of direction 
occur from the back street, three spaces are found. The sum depth of the back street 
is calculated by multiplying the number of spaces by the number of depths and then 
taking a sum of all the values. Thus, the more integrated a street is, the shorter topo-
logical distance it has to all other streets. Similarly, the more segregated a street is, 
the greater the topological distance is to all other streets.

Fig. 15.1   An axial representation of an urban area in Amsterdam
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Figure 15.4 shows a comparison of the justified graphs of the back and the main 
street. Topologically shallow graphs such as the main street case have high integra-
tion values while topologically deep graphs such as the back street case have low 
integration values.
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Commercial activities seem to take place in the most globally integrated streets 
(Hillier et al. 1993; van Nes 2002, p. 287). Dwelling areas are mostly located in 
the segregated areas (Hillier 1996, p. 175). There are two problems with a global 
integration analysis. One is the way a built environment’s outskirts become very 
segregated, and the other is that many cities consists of several centres. A global 
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integration analysis highlights only one centre. Therefore, a local integration analy-
sis is needed using a local integration radius.

Figure 15.5 illustrates what local integration with a radius of 3 looks like in town 
X. In calculating the value of the main street (Fig. 15.5, left), the axes number 14, 
15 and 16 are left out from a local integration analysis with a radius of 3. In the case 
of the back street (in the middle of Fig. 15.5), only 5 axes are included in the local 
integration analysis. The system to the right shows a local integration analysis of 
every street in town X processed by the program Axman. The value of the axis in a 
topological radius of 3 from each street is calculated.

Studies have shown that flow rates of pedestrians through cities correlate with 
local integration values while vehicle flow rates correspond with global integra-
tion values (e.g. Hillier et al. 1998). Moreover, local integration gives indication 
of local shopping areas in a city. However, applying local integration analyses on 
Dutch cities tend to show weak results. For example, in Leiden city center, most 
long main streets are curved. Axial analyses count each change of direction as one 
topological step, even though the angle between two axial lines is close to 180 °. In 
this way, Leiden’s centre is modelled as a fragmented street network consisting of 
many short axial lines. As follows, the integration values with various radii will not 
be the highest in these kinds of areas, which do not always correspond with shop 
locations. For example, the curved shopping street Haarlemmerstraatis not particu-
larly highlighted as a highly integrated street in either the global or local integration 
analysis. It is only indicated in the radius-radius integration.

Average Mean Depth for the whole settlement: 
Mean Depth from the most segregated street - Mean Depth from the most integrated street: 3,33 - 1,75 = 2,525
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15.4 � The Angular Analysis

The angular analysis is essentially an extension of visibility graph analysis and axial 
analysis (Turner 2001, p. 30.1). Here, each axial line is weighted by the angle of its 
connections to other axial lines. As shown in Fig. 15.6, two axes which meet at an 
angle of almost 180 ° have a shallow angle of incidence while two axes with almost 
90 ° between them have a sharp angle of incidence (Dalton 2001, p. 26.7).

The angular relationships between streets play a role in the way people orient 
themselves in built environments. This is empirically supported by the research of 
Ruth Conroy Dalton who carried out experiments on how street angles influence 
people’s choice of routes at road junctions. She concluded that people tend to con-
serve linearity through their routes, with minimal angular deviation (Conroy Dalton 
2001, p. 47.8). There is a competition between the desire to select the simplest route 
and the desire to maintain the shortest route from origin to destination. As soon as 
the difference in angles become too great, the shortest route will win out over the 
simplest (Conroy Dalton 2001, p. 47.12–47.13). Therefore, geometrical distance, 
such as the “least angle change” of direction towards one’s direction plays a role in 
way-finding through cities. Hence, it has to be taken into account together with the 
topological distance (i.e. “the fewest turn”).
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The axial lines represent the longest and fewest sightlines in the area. For ex-
ample a curved street consists of several axial lines. A segment line represents a 
street or road link between two junctions. The degree of curviness does not count in 
this case. When three or more lines intersect, a junction is defined. In the axial line 
representation a curved street segment consists of a “junction” every time there is 
a change of direction.

Consider four street segments connected to one another at different angles, as 
illustrated in Fig. 15.7. The depth from segment A to B is 0.5, since they constitute 
a turn of 45 °. The depth from segment A to C is 0.833, the sum of the turn of 45 ° 
from segment A to segment B and the turn of 30 ° to segment C. When calculating 
the angular mean depth, or the local angular integration, the case shown in Fig. 15.7 
is used as an example. The angular mean depth from street segment A is calculated 
as follows:

The least angle analysis seems to be the best predictor of movement, followed 
closely by the fewest turns (the results from the global and local integration analy-
ses). Metric distance comes far behind the two first ones (Hillier and Park 2007). 
When correlating angular choice (geometric distance) with topological distance in 
Leiden, it is possible to identify the local main routes in local areas and through the 
whole city. Figure 15.8 shows a local angular analysis with a topological radius of 
3 of Leiden. The two main shopping streets Haarlemmerstraat and Breestraat are 
clearly highlighted as being the locally most integrated streets for the whole city.

15.5 � Angular Analyses with Metrical Radii

Figure 15.9 shows some examples of how various types of radii affect various types 
of street grids. The street grid consists of a strict orthogonal street grid and an or-
ganic street grid. When applying the two-steps analysis to the thick line, all streets 
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Fig. 15.7   The calculation of angular choice
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5m

Fig. 15.8   The local angular analysis of Leiden
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Fig. 15.9   The difference between topological and metrical radius
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in the strict orthogonal grid can be reached within two direction changes. Likewise, 
when applying the two-steps analysis to a street segment (below left in the figure), 
more or less the same local catchment area can be found as in the previous example. 
The only difference is that the organic street grid is less accessible than the previ-
ous example. When applying the metrical radius from a point, the strict orthogonal 
street grid as well as the organic street grid has more or less the same catchment 
area. The next step is to show what metrical radiuses add to the analyses of topo-
logical and geometrical distances.

Figure 15.10 shows an example of Amsterdam. For a small metrical radius (like 
800 m), the old historical city centre is highlighted to be very vital. This area is 
neither highlighted in the traditional spatial integration analyses, nor in the angular 
analyses.

Probably this centre was originally developed to have everything accessible 
within a shorter metrical distance than the today’s situation. Today it is the touristic 
centre of Amsterdam, where everything is easily accessible on foot. When using a 
larger metrical radius (for example a unit of 8,000), the main routes in the Pijp area 
in Amsterdam are highlighted as being the most vital streets for the whole city. For 
Amsterdam’s inhabitants, this area is known to be the most vital and lively city 
centre for the whole of Amsterdam. The area offers a large variation of shop types 
and has very lively streets at all times of the day. Everything is easily accessible by 
bicycle, tram, car, and partly by foot.

In order to demonstrate what a metrical radius implies for urban centrality when 
combining it with topological and geometrical distances, an example of a new and 
an old town is used. The Dutch new town Lelystad is 40 years old. It has around 
74,500 inhabitants. The car traffic routes and pedestrian and bicycle routes are sepa-
rated. Figures 15.11 and 15.12 show angular integration analyses with a low and a 
high metrical radius for Lelystad’s mobility network. As can be seen in Fig. 15.11, 
the streets where the small local supermarkets are located are highlighted in black. 
Conversely, as shown in Fig. 15.12, the main routes between the various local areas 

Fig. 15.10   Analyses of Amsterdam with metrical radii
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are highlighted in black. These routes are trafficked predominantly by vehicles. 
Lelystad’s main mega shopping mall is located in the middle, where the density of 
the integrated main routes is the highest.

When applying the same analyses to the old Dutch town Hilversum, founded in 
1424, a different structure can be seen. Hilversum has around 84,500 inhabitants. 
In the analysis with a low radius in Fig. 15.13, the town’s local as well as central 
shopping streets are highlighted in black. When applying a high radius, as shown in 
Fig. 15.14, the main routes through the urban areas are highlighted in black. These 
routes cross the local centres highlighted in the small radius analysis. As presumed, 
an optimal location for shops is along streets accessible to its vicinity as well as 
along main routes connecting various neighbourhoods with one another. Therefore, 
the variation of shops in local shopping areas tends to be higher in old towns than 
in new towns.

Figure 15.15 shows the principles of the main route network in an old and a new 
town. In the top of the figure, the principles of a traditional urban area are shown. 
The centres with a low radius are located either on or adjacent to the main routes. 
These centres are easily accessible by foot as well as by car. The principles of urban 
centres in a post-war neighbourhood are shown. The main route network in post-
war neighbourhoods is separated from the local centres whereas it is integrated 

Fig. 15.11   Angular analyses of Lelystad with a low metrical radius
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with the local centres in pre-war neighbourhoods. Thus far, the results indicate that 
the spatial conditions that define vital urban centres are the presence of a topologi-
cally integrated street network, with the least deviation of angular direction change 
on its main routes through the area within a short metrical distance to its potential 
customers.

15.6 � The Micro Scale Analyses

Micro scale spatial relationship in urban studies is about the relationship between 
buildings and street segments. More precisely it is about demonstrating how dwell-
ing openings are connected to the street network, the way buildings’ entrances con-
stitute streets, the degree of topological depth from private space to public space, 
and inter-visibility of doors and windows across streets.

A registration of the topological depth between private and public space is done 
by counting the number of semi-private or semi-public spaces from the private 
space to the public street. If an entrance is directly connected to a public street, it has 
no spaces between private and public space. Then the value or depth is zero. If there 

Fig. 15.12   Angular analyses of Lelystad with a high metrical radius
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is a small front garden between the entrance and the public street, it gets the value 
one since there is a space between the closed private space and the street. Moreover, 
if the entrance is located on the side of the house and it has a front garden or covered 
behind high hedges or fences it has a value two. Entrances from back paths covered 
behind a shed have a value like three. It is the topological steps between the street 
and the private spaces that are counted. In a study on the dispersal of burglaries in 
Alkmaar and Gouda, the degree of permeability was used as a rule of thumb. In 
those cases where a flat’s front door or main entrance was permanently locked but 
was provided with a doorbell or calling system, it was registered as a private space. 
As regards to flats with open main entrances, the number of semi-private spaces 
was counted up to the apartments (López and van Nes 2007).

Each side of a street segment must be registered separately. There exist many 
streets where entrances are for example directly connected to the street on the one 
side, while there is a flat on the other side with an upper walk gallery. In street seg-
ments with different depth values between private and public spaces, the average 
value can be used. The diagram in Fig. 15.16 illustrates various types of relation-
ship between private and public spaces. The black dots illustrate the private spaces, 
while the white dots illustrate semi-private and semi-public spaces.

10m

Fig. 15.13   Angular analyses of Hilversum with a low metrical radius
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A street’s degree of constitutedness is about the degree of adjacency and per-
meability from buildings to public space (Hillier and Hanson 1984, p. 92). If, and 
only if, a building is directly accessible to a street, then it constitutes the street. 
Conversely, when a building is adjacent to a street, but its entrance is not accessible 
directly from the street, the street is un-constituted. Naturally, there must be no other 
buildings with entrances directly connected to this street (Fig. 15.17). Few people 
tend to sit or stand for a long time in un-constituted streets due to a lowered level of 
safety (Alford 1996). In his PhD thesis, Shu’s research results showed clearly that 
un-constituted streets were affected more by criminal activities than in the consti-
tuted ones. Moreover, entrances covered behind high fences and hedges have little 
visibility from neighbours (Hillier and Shu 2000).

The density of both entrances and windows in buildings with an active function 
(dwelling, office, shop, etc.) on ground floor level can to some extent indicate a 
degree of street liveliness. However, high density of entrances connected to a street 
does not imply high inter-visibility. There is a distinction between constitutedness 
and inter-visibility. The way entrances and windows are located opposite of each 
other in a street gives a high probability in the way people can observe the street 
(a natural surveillance mechanism). Figure 15.18 shows some diagrammatic prin-
ciples on the relationship inter-visibility and density of entrances. The micro spatial 

10m

Fig. 15.14   Angular analyses of Hilversum with a high metrical radius
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conditions influence the quantity and quality of street life and the risks on criminal 
victimization (van Nes and López 2007).

Micro scale conditions are often neglected in the contemporary planning and 
design of urban areas. In particular, urban renewal projects, modern housing ar-
eas and new large-scale urban development projects often tend to lack adjacency, 
permeability and inter-visibility between buildings and streets. This has negative 
effects both on the quality and quantity of the street life and the safety of these 
urban areas. Urban project developers nowadays tend to build with high density or 
high floor-space-index and propose large variations of urban functions (dwellings, 
offices, etc.) in these areas. However, the public-private interface between build-
ings and streets is often forgotten. Safety and degree of street life depend on how 
the spatial configuration is on the plinth or built up street sides. Therefore, there is 
a need to bring micro scale spatial relationships on the research, policy making as 
well as on the design agenda in the urbanism discipline.

Traditional urban area with a high 
metrical radius

Traditional urban area with a low 
metrical radius

Post War urban area with a high 
metrical radius

Post War urban area with a low 
metrical radius

Fig. 15.15   The spatial principles of the location of urban centres in relation to the main route 
network in a new and an old built environment
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15.7 � Added Value in the Geodesign Process

Space syntax has contributed to an understanding of the spatial structure of the 
city as an object shaped by a society and conversely how this spatial structure can 
generate or affect certain socio-economic processes in society. To some extent, it 
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Fig. 15.17   The principles of constituted and un-constituted streets
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is possible to predict some types of economic processes as an effect on urban in-
terventions. Likewise, space syntax provides understandings on the spatial possi-
bilities for certain social activities such as crime, social segregation and anti-social 
behaviour. It is all about how spatial integration and segregation conditions social 
integration and segregation.

How a street or an urban area is centrally located can influence its economic 
attractiveness. Metric centrality implies that something is located in the middle of 
an area with the shortest metric distance to all other points in that area. Some-
times temporal aspects like time use for travel are taken into account. Obstacles like 
traffic-junctions, bad street quality and a fragmented street network influences the 
temporal aspects of metric centrality. Topological centrality is the most accessible 
centre in terms of the fewest number of direction change from all streets. The more 
fragmented street network in a built environment, the weaker the spatial conditions 
become for a vital economic centre. Geometrical centrality occurs along the main 
route network with the fewest angular deviation from all other streets. The most ac-
cessible main route network linking a city’s edges towards its centre tends to have 
the highest flow of through travellers.

For describing social and economic activities in built environments, there is a 
difference between economic and cultural centrality. Economical centrality is the 
places where trade, shopping and finances take place. The aim for these kinds of 
activities is to be both in a metrical and topological central position to all potential 
customers. Their optimal position depends on the structure of the street net.

As regards to the theory of the natural movement economic process, the con-
figuration of the street grid influences the movement rates through an urban street 
network and where economic activities take place. Attractors, such as shops, retail 
and large firms tend to locate themselves along the most integrated streets (Hillier 
et al. 1993, p. 61). Figure 15.19 shows the relationship between configuration, at-
traction (the location of shops) and movement. It explains how a built environment 
functions independent on planning processes. Movement and attractors influence 
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Fig. 15.18   The principles of density and visibility of entrances and windows
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each other. The more people in a street, the more it attracts shops to locate along 
these streets. The more shops locate along a street, the more they attract people.

If an economic centres’ optimal position change through changes on a street net-
work, the location of this centre is likely to change too (Hillier 1999; van Nes 2002, 
pp. 287–301). Friederichstrasse in Berlin provides an example on this. Before the 
Wall it was one of Berlin’s high streets. During the Wall no shops was located along 
it, while after the Wall shops returned to Friederichstrasse. At present it is slowly 
becoming the high street of the new reunited Berlin. Therefore economical central-
ity is not something static. It is a dynamic process. “At all levels of the hierarchy, 
centres grow and fade, often in response to changing conditions quite remote from 
the actual centres” (Hillier 1999, p. 108). Therefore an economic centre is heavily 
dependent on a street structure, which relates to topological and geometrical cen-
trality. Accessibility to potential customers and catching the through travellers is an 
issue.

The way human beings act and behave in urban space depends on their motives 
and intentions. Therefore it can be difficult to predict their behaviour after urban 
interventions. So far, research has shown that the location of shops, retail, national 
and international firms and in general the location of urban centres depends on a 
high degree of integration of the street net on various scales (Hillier 1999; Hillier 
et al. 1993). Likewise, land values and rent process tend to be influenced by the 
various integration values of the street net (Desyllas 2000). High degree of acces-
sibility or reach ability is at issue for creating vital urban centres and generating 
economic activities inside them.

In studies on built form and meaning, dealing with place character and architec-
tural styles, touches upon the limits of space syntax. Therefore cultural centrality 
is a broader issue than economic centrality. Places with a large concentration of 
historically important buildings and monuments from the past are defined to be 
cultural centres. The meaning of artefacts and the tradition related to them can be 
understood from the technical, social, cultural and economic activities that took 
place in the past (Moudon 1997).

What is happening in extreme segregated streets? In research on urban space and 
human social interactions, it is difficult to set out general statements on how the 
spatial layout of a built environment can provoke criminal activities, create social 

Fig.15.19   The theory of the natural movement economic process
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segregation, steer political processes and provoke anti-social behaviour. In contrast 
with market rationality, where the intentions tend to be unambiguous, social ra-
tionality concerns a wide range of intentions. Even though occurred incidents can 
be understood from a spatial point of view, an understanding on space and crime 
depends at least on understanding the behaviour of local inhabitants and an insight 
of the social composition. Sometimes the social composition of the inhabitants can 
overrun the spatial generative power.

In general segregated streets have more complex routes to all other streets in a 
city. Areas with segregated spaces, with urban grids visually broken up and with 
few dwelling entrances constituting streets are often affected by crime and social 
misuse (Hillier and Shu 2000, p. 232; Hillier and Sahbaz 1984, p. 456). The same 
investigations prove that spatial organisation can generate movement according to 
co-presence and co-awareness in the built environment.

A space syntax approach can at least identify the spatial properties to understand 
why some already established urban areas have a high level of crime and social mis-
use. These identified spatial properties provides at least precise understandings on 
how spatial configuration plays a part in broader social processes of perceived and 
actual decline. Thus space syntax can illustrate that the spaces of a built environ-
ment can affect human behaviour (Hillier 1996, p. 184). A configurative approach 
makes one understand that the means a built environment offers are physical while 
its ends are functional—not visa versa.

Even though space syntax offers precise concepts to operate with, it cannot anal-
yse the place character, the sphere and the symbolic meaning of the built form. 
However, space syntax can analyse the configurative structure of their spatial set-
up as an independent factor of the built form’s symbolic meaning. Therefore space 
syntax deals with place structure and not with place character. Analyses of place 
character require a genuine understanding and insight of their society’s cultural 
background and spiritual traditions from the present as well as the past.

While researchers with a phenomenological approach seek to describe the under-
lying essential qualities of human experience and the world where these experiences 
happens (Seamon 1994, p. 37), researchers with a space syntax approach identifies 
the spatial conditions for lively or quiet urban squares, streets, neighbourhoods, 
etc. Understandings of the spatial conditions of pedestrian flow rates and degree of 
urban vitality is also an essential component of the sphere of a place. As Hillier and 
Hanson writes, space syntax is about understanding “the social content of spatial 
patterning and the spatial content of social patterning” (Hillier and Hanson 1984, 
p. x–xi). It is a small, but significant contribution towards a comprehensive theory 
on built environments.

When applying space syntax in urban design or on any kind of physical interven-
tion on the street network or on the building-street interface, it is heavily dependent 
on evidence from research and theory development on the relationship between 
space and society. Space syntax makes possible to some extent the evaluation of so-
cio-economic effects of various design proposals for an area, and is a critical piece 
in the geodesign process, especially when communicating impacts to stakeholders. 
At present, space syntax has been applied to urban design, urban regeneration and 
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strategic planning projects. Designing with the use of space syntax is slowly enter-
ing the design field in regenerating poorly functioning urban areas. Some successful 
projects are already implemented, such as the regeneration of Trafalgar Square and 
the South Banks in London. It is a first step towards a scientifically grounded urban 
design process, rather than working on guesswork or intuition when intervening in 
built environments.
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16.1 � Introduction

Geodesign, as a method, even before being conceptualised, has evolved in recent 
years together with the widespread use of geoinformation and Geographical Infor-
mation Systems (GIS).

As GIS software and geoinformation have become less expensive and widely 
available, their use in many activities related to planning and design has increased 
raising at the same time a strong demand towards technology and data, starting a 
virtuous cycle. Furthermore, the range of users has increased. The traditional GIS 
users, coming from planning, geology and geography are now joined by an increas-
ing number of users coming from disciplines such as business, health care, disaster 
management, education and design activities.

The geo-component brings together planners and geoinformation specialists to 
a shared picture of reality (also called a “common operational picture”), enabling 
communication and collaboration between different disciplines. This is of para-
mount importance when planning and designing, both activities that shape our fu-
ture world.

This integration is made possible thanks to the evolution of geotechnology, 
which has become able to support planning and design activities (and this is our 
understanding of geodesign) at reasonable costs. With respect to the geotechnology 
evolution, the Internet, multimedia and especially three dimensional representations 
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of reality are essential features that need to be considered as integral parts of geo-
information and GIS. Three dimensional representation can be considered as the 
“common operational picture” where the communication between planners and geo-
information specialists is made possible and communication obstacles are abated.

3DGIS (http://www.3dgis.it/en/) is an Italian GIS software company, born in 
2007, built on a long-term experience in geographical information system design 
and development and in the ICT area. 3DGIS is founded on the combination of 
different professionalisms: computer engineers, graphic designers, architects. The 
company is committed to producing state of the art solutions with the best possible 
quality/ cost ratio.

Based on the assumptions mentioned above and upon large experiences in the 
geoscience field, 3DGIS has started working on 3D modelling and visualization 
and developed a 3D visualization application, named Cityvu, in 2008. The project 
for Public Participation in Planning (that will be illustrated later on) for the city of 
Follonica has been developed using Cityvu.

Cityvu was a plug-in free CityGML viewer, able to show 3D geospatial data 
directly in the browser, its integration features were limited to embedding in a web 
page and to open specific link on feature selection, it was available for both web and 
desktop but it lacked a simple and fast modelling mechanism (indeed, models for 
the Senzuno quarter, in city of Follonica, were built by hand with a great amount of 
work) and was very hard to integrate to other 3DGIS products.

The new 3D framework has been developed to solve these problems, using mod-
ern technologies like WebGL and HTML 5. This allowed the company to build a set 
of libraries which can be easily integrated into other products and that could be used 
to generate 3D features in real time when possible.

This new framework has been conceived, designed and developed and research 
work is ongoing. The studies and developments upon the framework consider the 
following fundamental aspects:

•	 Generic web-based solution assuring distinct software component independence.
•	 Rapid application development approach and,
•	 Integration of three dimensional representations of reality.

The three dimensional integration studies consider the automatic generation of 
large-scale 3D geodata through a Spatial Data Infrastructure (SDI) and the optimi-
sation of large-scale data streaming over the web. The requirements are the avail-
ability of a generic framework, to be component and platform independent, flexible 
for different solutions where the three dimensional component is an integral part. 
The aim is to reach a wider and diverse community, from traditional GIS users, to 
users, such as planners, where GIS is not central but a supportive tool for diverse 
work processes.

This chapter illustrates practical experiences in the geodesign field, starting from 
the first geodesign experience, dating back to 1989–1990, to a more recent and 
technologically updated case.
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Afterwards the chapter illustrates the evolution of the 3DGIS framework from 
2D to 3D WebGIS for large-scale geodata over the web. The main 3D developments 
are discussed:

•	 Web based 3D visualization
•	 Automatic generation of urban 3D environment via SDI
•	 Optimisation 3D large-scale geodata streaming via the web
•	 3D supported citizen participation

The chapter concludes by describing some future work and points of discussion.

16.2 � Geodesign in Practice: Evolution from Twenty-Five 
Years ago till now

In the early stages of GIS development, planners had been among the main users of 
this new technology. A great number of them used only automated mapping func-
tions, a few used some analysis functions and very few approached planning in a 
new way. As an example in the city of Padua, Italy, a new plan for the city centre 
was designed almost completely by the “computer” (Rumor and Gonzato 1989).

All spatial data had been collected and related to the database where all buildings 
and other relevant urban structures were stored with a set of attributes. On the basis 
of the attributes and of some spatial constraints a set of maps had been produced to 
show the “situation” to the planners.

On the basis of the decisions made after the situational analysis and compared 
with the strategic aims of the new plan, a set of rules were prepared to be applied 
automatically to all buildings, thereby producing the new plan.

That work, carried out in 1989–1990, was an experience of geodesign.
The geodesign experience of the city of Padua needed a lot of work from the 

geoinformation specialists that had to develop very specific ad hoc software with a 
lot of foresight, and also some bravery, from the planners.

Because too much work, time and consequently high costs were required, only 
few rather large and rich organisations could afford this approach. With the devel-
opment of GIS and the increasing availability of low-cost geotechnology and geo-
information this approach can be adopted by the great majority if not all concerned 
organisations.

Another recent example (2009), explained in more detail later in this chapter, is 
considered.

The city of Follonica, a medium city in Tuscany, had to compare some alterna-
tive solutions for the improvement of an urban district. The possible improvements 
included the construction of a new bike path, changes to public lighting and to the 
street furniture. It must be told that the inhabitants of the district were very sensi-
tive about the issue. The City Administration then decided to investigate the issue 
with the use of GIS technologies and accepted a proposal from 3DGIS, which was 
already working to develop a 3D framework, to build a 3D model of the district and 
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to include in it the proposed improvements so they could be examined as in reality. 
The inhabitants could also examine the different proposals navigating in their own 
district’s model. The inhabitants were also asked to vote via the web, and very many 
did and the Administration decided on the basis of the votes. That was geodesign 
and public participation combined.

16.3 � The 3DGIS Framework: From 2D to 3D WebGIS

The 3DGIS framework is the outcome of years of research, design, experience and 
development. The framework is a software platform where common code organized 
in modules with generic functionality can be selectively specialized or overridden 
by developers or users. The framework is founded upon Geo-ICT standards (ISO 
and Open Geospatial Consortium standards) and use open source libraries to mini-
mize costs.

One of the main state-of-the-art characteristics of the framework is the fact that 
it has been designed and developed to achieve a Rapid Application Development 
(RAD) approach for deeply customized WebGIS solutions. Because the framework 
is completely standards based, distinct component independence and overall soft-
ware quality is guaranteed. Standard compliant development, though being more 
effort consuming, allows software updates to the latest technology evolutions with-
out any trauma or high cost migrations. The framework also easily adapts to needs 
volatility, preserving high efficiency and reducing cost. The framework is organized 
in modules, providing a wide range of GIS functionality on the web. The function-
ality can vary from a simple navigation on the map to sophisticated and complex 
functionalities (authentication, database schema generation, attachment and docu-
ment management, wide range of editing functionality, third party integration sup-
port, etc.). Upon the 3DGIS framework, different products are already available for 
different sectors: from analysis of topographic maps to networks analysis, roads and 
disaster management and many others.

The 3DGIS framework and the derived products handle geospatial data in a two 
dimensional WebGIS environment. Upon the 3DGIS framework different products 
are already available for different sectors: from analysis of topographic maps to net-
works analysis, roads and disaster management and many others. It has been used 
overin the years to develop a wide range of GIS web applications for many users 
and has evolved significantly.

In 2008 we decided to start extending our solutions including the use of 3D mod-
els and the project named Cityvu, a plug-in free CityGML viewer that was launched 
in 2008 and concluded in 2009 (Roccatello and Rumor 2009).

Cityvu has been used to implement various applications, the most interesting 
is represented by the case of Follonica, previously mentioned and will be used to 
illustrate in detail where concepts of geodesign and public participation has been 
applied in reality.
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That experience convinced 3DGIS of the power of 3D technology in the planning 
process, and fostered the decision to continue working to make 3D functionalities 
easily available to a great number of organisations. We then decided to take the 
challenge to integrate 3D representations into the 3DGIS framework, extending 
the current 2D framework to a 3D WebGIS generic framework. Though proving to 
be very challenging, after having completed an extensive research phase, develop-
ments have been started and the first positive results are demonstrable.

16.4 � The Project

16.4.1 � Requirements

We all know that 3D models can be used with great benefits in a variety of appli-
cations in geography, urban studies and other fields. On the other hand the use of 
such models often requires us to render significant amounts of three dimensional 
geospatial data, and is very demanding in terms of computing capability and mem-
ory usage. In order to efficiently manage the volumes needed by large-scale model 
rendering, and to reach reasonable levels of data quality and performance, some 
optimizations are needed.

While working in a 2D space, most current WebGIS platforms are leveraging 
open source technologies and are standards based. Open Geospatial Consortium’s 
(OGC) work on standardization has, in fact, delivered a great opportunity around 
interoperability and web services like OGC Web Map Service (WMS) and OGC 
Web Feature Service (WFS) that are very common nowadays. Empowered by in-
creased browser’s capabilities, currently developed WebGIS are very promising 
and able to replace traditional desktop GIS for a wide range of applications. While 
WebGIS advantages are well known, a lot of work needs to be done about 3D data 
visualization over the Web.

During the past years, browser technology has been updated to support HTML 5 
and CSS 3 in order to allow greater user experience, similar to desktop applications. 
WebGL extensions supports the development of a complete hardware accelerated 
3D engine running in the browser without any third party plugin.

16.4.2 � Approach to 3D Modelling for WebGIS

Following our products development, we managed to achieve a good experience 
with WebGIS and we learned that most organizations are able to deploy or have 
already deployed their spatial data using OGC Web Services, especially using OGC 
WMS and WFS. At the same time it is now possible to leverage the latest browser 
technologies in order to augment traditional WebGIS features with a 3D visualiza-
tion framework. Therefore we needed a streaming framework for the visualization 
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of three dimensional large-scale geospatial data over the web with real-time genera-
tion of features, based on OGC Web Services.

Employing this approach, a 3D scene is incrementally built with a dynamically 
updated run-time, taking into account the movements of the camera and its field of 
view. To effectively and efficiently achieve this behavior, proper mechanisms of 
tiling and caching have been implemented.

The framework implementation focuses on textured terrain and streaming of the 
buildings. Despite the scope limitation, the defined streaming paradigm has gen-
eral validity and can be applied to more complex 3D environments. The addition 
of other functionalities on top of the existing ones is straightforward and does not 
imply substantial modifications to the framework.

The framework’s main aim is to achieve 3D visualization and querying of the 
attributes of the visualized objects with good performance even in low to mid end 
computers while keeping ease to develop, portability and wide browser support.

Our development platform is bounded to available browser technology. In order 
to achieve hardware accelerated 3D support in browsers without any plug-ins, We-
bGL and JavaScript (components of HTML 5) must be supported.

Portability and ease of development have been enhanced using existing founda-
tion frameworks, which allows faster development and a good level of abstraction 
for each component.

The framework architecture has been designed in order to allow fast extendibil-
ity of geographic features support and it is structured with three main components: 
Foundation, Scene and Query.

The Foundation is the core component. It manages the ellipsoid model and the 
geospatial projection, supporting a wide range of extensible projection types. Cam-
era viewport is integrated in the foundation component within Tile Manager, which 
manages the currently loaded set of map tiles and supports dynamic level of details 
using a quad tree backend. On the top of the Foundation, the Scene component 
orchestrates external data loading through the Layer Manager. The framework sup-
ports data loading from OGC WMS and OCG WFS services with on-the-fly re-
projection support, thanks to the embedded proj4 library.

A layer abstraction is used to allow ease of extension for custom features. The 
framework currently implements Terrain and Building layers with streaming sup-
port. Terrain is streamed using tiled height maps via WMS and buildings are gener-
ated using WFS data through on-the-fly extrusion.

Multiple data layers is allowed on the top of the Tile Manager. Finally, the Query 
component allows external data integration and querying.

16.4.3 � Optimisation of 3D Large-scale Geodata Streaming via 
the Web

GIS applications that have to visualize large-scale 3D geodata need to handle a mas-
sive amount of terrain, buildings, textures, imagery and so on. While designing the 
3DGIS framework these challenges had to be accounted for while also keeping in 
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mind that LIDAR data is nowadays more accessible. Even if computational power 
and storage size are increasing, the scan resolution is increasing year by year.

The perfect 3DGIS engine needs to adapt and scale from mid, low to high com-
puter performance (e.g. engines designed for gaming) and to work on smartphones 
and tablets without complex modifications. Even powerful computers and video 
boards are bounded to a specific number of polygons and models in order to ren-
der the whole scene in time. Due to the large amount of data, these cannot be left 
unmanaged. The framework includes level-of-detail (LOD) support for terrain, LI-
DAR and generic models. The approach behind the LOD is to simplify the com-
plexity of a 3D object representation as it moves away from the camera. A complex 
LOD system should also differentiate between continuous (i.e. terrain) and discrete 
(i.e. buildings, trees) 3D data.

Our terrain streaming system has to load and render a large-scale digital terrain 
model (DTM) stored as a geo-referenced grayscale height map and accessible via 
OGC WMS or Tile Map Service (TMS). The system loads the terrain chunk by 
chunk following the observer’s movements and also dynamically updates the scene 
such that it contains, at each time, only the terrain chunks lying inside the field of 
view or just nearby to it (Chunked LOD). Terrain is loaded using multiple detail 
scale where nearest chunks are more detailed than the ones far away from the cam-
era. This is accomplished using a quad tree data structure for space partitioning.

Also LIDAR data must be treated per se, given their complexity and their large 
file size. In addition to the Chunked LOD approach a lot of pre-processing is re-
quired such as multi-scale spatial indexing for LIDAR data streaming. Moreover, 
the framework leverages No SQL techniques for faster data access, while keeping 
unprocessed LIDAR data in a traditional GeoDatabase for further inquiries.

The result of the development process is a fully functional 3D framework with 
basic navigation GIS features (as zooming, panning, and identifying). This viewer 
implements the designed streaming strategy with excellent results in terms of per-
formances (50–60 frames per second during navigation with occasional drops to 
30–40 frames per second while loading) and memory usage.

3DGIS has planned a wide adoption of the developed framework into its GIS 
product, being able to extend traditional WebGIS with a feasible 3D visualization 
tool (Roccatello et al. 2013).

16.5 � 3D Supported Citizen Participation

3D models and 3D applications have a huge role in improving citizen participation, 
given the possibility to recreate the real world, before and after public works, and to 
evaluate the proposal in an immediate way, more intuitive than a plain 2D map or 
an expensive plastic model.

Traditional 3D participation tools like still image rendering and video presenta-
tions present serious limitations, hindering the advance in geodesign as they set 
strong constraints for design evaluation. For these reason we consider 3D real-time 
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rendering as the perfect solution, able to let a person correctly evaluate every aspect 
of a development proposal or intervention.

In 2009, 3DGIS framework was applied to the Senzuno’s requalification project 
in Follonica, Italy. Working alongside the Municipality GIS’ technicians, the entire 
Senzuno’s block was recreated as a detail rich 3D model. Once the reality was mod-
elled, various versions of the urban fabric were designed, in order to achieve nine 
variations on the existent one. As example, Fig. 16.1 shows as example two differ-
ent versions (traditional and functional) and different variations (or styles) within 
each version (classical and modern style for the traditional version and concrete/
stone and concrete grit style for the functional version). In addition a new path for 
the cycling lane has been introduced into the model.

3D real-time rendering has been achieved using Cityvu project, which allowed 
every citizen to view the new urban fabric proposals in Senzuno, without installing 

Fig. 16.1   Planning the city 
of Senzuno with different 
street variations and styles
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any software in their computer. The model has been made walkable, manually or 
automatically, in order to move the perspective like in a videogame. While navi-
gating the city block, it is possible to change the urban fabric in real-time, using a 
simple user interface.

Citizen evaluation has been made using a specifically crafted website (still avail-
able at the link:http://follonica.3dgis.it/), which required a registration and a code to 
enable voting for the best design solution. This allowed the Municipality to avoid 
abuse and restrict votes only to Senzuno’s citizens. In order to facilitate the par-
ticipation of people offline, which usually are the elderly, multiple forum sessions 
were organized. These forums allowed non-technical people to navigate and vote 
for their preferred urban fabric solution. Results showing the citizens choices where 
published on the crafted website, showing the clear preference for a traditional ver-
sion with artistic style solution (see also Fig. 16.2).

Fig. 16.2   Statistics reporting votes of citizens
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16.6 � Conclusions

The 3D framework has been designed to be a solid basis which can be used to de-
velop customized software solutions, built on specific needs. The real-time feature 
generation of geospatial data via OGC services combined with the powerful results 
in terms of performances over the web are the state-of-art development factors for 
the visualisation of the three dimensional data over the web. The next steps will be 
to confirm the current positive performances results with tests performed in existing 
scenarios. Afterwards, 3DGIS will integrate the 3D framework into its GIS products 
(based on the 2D framework), extending traditional WebGIS with a 3D visualisa-
tion environment. Besides the 3D WebGIS developments which are already now 
feasible, support of 3D GIS on mobile devices is also planned. The framework is 
already designed to adapt and scale on smartphones and tablets, providing already 
a basis also for mobile devices.

The 2D Web framework is already in production and different 3DGIS products, 
based on the framework, have been implemented by different Italian customers. 
The 3D framework has been developed, tested and successful results have been 
confirmed. The 3D streaming for the visualisation of three dimensional large-scale 
geospatial data over the web generates features in real-time, based on OGC web ser-
vices. The framework has been carefully optimised in order to achieve accelerated 
3D support in browsers without any plug-ins. Attention to performance issues is es-
sential to have a 3D engine to adapt and scale to different computer performances, 
and to support mobile devices. The framework includes level of detail (LOD) sup-
port for terrain, LIDAR and generic models. The goal is to provide WebGIS with 
an extended 3D environment, based on OCG services and assuring optimal web 
performance for 3D visualization. The entire framework is completely standards-
based, guaranteeing distinct component independence and overall software quality.

The characteristics of the framework aim to provide an evolution in geotech-
nology, offering advanced 3D WebGIS support to a wide community (from the 
traditional GIS to less GIS-oriented users) and at reasonable costs. Only with this 
approach can geotechnology give a significant contribution to the design and plan-
ning activities with the use of geoinformation.

We can conclude that geotechnology for geodesign is already available. What 
needs to be recalled and further discussed is the fact that data availability is still an 
open issue: the lack of adequate data sets hinders the application of geodesign in 
practice. “Adequate” means complete and updated information available at no cost 
or at a reasonable cost. This implies the availability, among other components, of 
technologies able to make data collection and maintenance less expensive and time 
consuming. The data availability issue is an essential one and there is the need to 
put some effort to increase it. Enabling geotechnology to express its full potential to 
transform design into geodesign by default, so eventually the ‘geo’ will disappear 
as the technology becomes embodied.
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17.1 � Introduction

As one of the local government responsibilities, urban planning strongly influences 
how citizens live in their cities and is of civic concern since they are affected by 
changes in city shape, use and functionality. In the same way, citizens affect city 
building with their daily performance of actions and decisions on the patronization 
of city spaces, and use of services and infrastructures.

In this context, many local governments are mandated to invite public reaction 
to every new city development plan, and citizens are then allowed, and encouraged, 
to officially state their opinions and concerns. Theories on collaborative planning 
highlight the benefits of citizen’s participation in strengthening public support for 
policy initiatives. This participation can help identify previously unforeseen con-
cerns and recognize potential conflicts (Healey 1992; Conroy and Evans-Cowley 
2006). Local governments must study and pay attention to all public reactions, pro-
vide a justifiable response to their concerns and take decisions accordingly.

This concept is not new, we witness many attempts to implement this concept 
through web pages and on-line documents and forms, but commonly used mecha-
nisms are printed maps and other documents available to be physically consulted 
in government offices. Citizens must actively seek, ask and wait for these docu-
ments—sometimes even consult them in situ to be able to physically (hand) write 
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and register allegations and concerns. This bothersome and time-consuming manual 
procedure results in a lack of real public participation in the city’s development 
process.

However, nowadays there are certain conditions that allow pushing the design 
of urban contexts to another level. A great number of devices and information tools 
facilitate data manipulation. In this direction cloud computing platforms and the 
rise of bottom-up activities are leading to the concept of a more participatory design 
of cities, since they are fast becoming of interest and general concern for every 
citizen (Batty 2013), who now realize that their opinions can influence government 
decisions and affect their surroundings directly. Recent initiatives like Brickstarter1 
arose out of this desire to make the process of urban development more accessible 
and legible. This way, a more diverse public not only has a voice, but can actively 
contribute in the shaping of the city in a trend that has been coined as crowdsourced 
urbanism.

In this context, one important research topic in Geographical Information Sys-
tems (GIS) is related to this concern that, all citizens’ voices should be heard in a 
democracy. This is commonly called Public Participation GIS (PPGIS). This term is 
used to describe a variety of approaches to making GIS and other spatial decision-
making tools available and accessible to all those with a stake in official decisions 
(Obermeyer 1998). The incorporation of (spatial) information technology into pub-
lic urban planning processes represents an area of great potential in which better 
relationships between governments and their citizens can be built. The use of infor-
mation and communication technologies (ICT) decreases the time and the geogra-
phy constraints faced by citizens who want to participate, since they are enabled to 
participate in the location and time of their own choosing (Kwan and Weber 2003; 
Conroy and Evans-Cowley 2006).

In order to support ICT use, the widely spread European smart phone market, 
measured by active subscribers of the top 50 networks, was 860 million in 2010 
(CMSinfo 2011), provides portable technology advantages such as advanced com-
puting capability and connectivity. Through Global Positioning Systems (GPS), and 
other embedded sensors, smart phones enable access to location-based information 
services (LBS) and applications, such as the geo-fence functionalities. A geo-fence 
is a virtual perimeter for a real-world geographic area. This concept is used to moni-
tor the activity in a certain area, tracking users and raising notifications and alerts 
when a user is entering or leaving that area providing information about the device 
location. Among the multiple applications developing this concept, Geoloqi2, or the 
ArcGIS Geotrigger Service3 are good examples of this kind of service.

Moreover, ICT tools can help to develop and build technologically ‘smart’ cit-
ies, since its use brings information closer to citizens (in space, time and content) 
and encourages and assists them to act in a more participative, environmentally-
conscious and even in a more sustainable and ‘smart’ manner. The provision of 

1  http://brickstarter.org/
2  https://geoloqi.com/
3  https://developers.arcgis.com/geotrigger-service/
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information and knowledge through these mechanisms, enabled by new visualisa-
tion and access technologies, support participation and decision making in con-
struction, architecture and planning (Laing et al. 2007).

In this context, the “visual preference studies and virtual interaction in architec-
ture and built environment design” (VISBED)4 project aimed, among other things, 
to “explore the potential for the use of multiple-user online visualisation to engage 
end users in participatory design of public space and public buildings’ and has been 
piloted in Aberdeen, Eindhoven and Zürich.

One of these visualization techniques is procedural modelling, an umbrella term 
for a number of techniques in computer graphics to create 3D models and textures 
from sets of rules. Systems like CityEngine are, for instance, capable of modelling 
a complete city using a manageable set of statistical and geographical data, which 
are highly controllable by users (Parish and Müller 2001).

Finally, regarding the user’s engagement to foster participation in urban develop-
ment, a new trend is to apply game design techniques to non-game applications. The 
so-called gamification concept is defined as the designing of all kind of applica-
tions for business, environmental or other applications following gaming mechan-
ics. Appealing to the emotions induced by problem-solving, exploring-discovering, 
team-work, recognition, imagination, expression or sharing experiences, gamified 
applications try to get users (players) playing, and keep them playing. This is solv-
ing the engagement gap and setting a participation loop, and thus collaborating 
attaining a common goal (Werbach 2013).

This work proposes a PPGIS gamified urban planning application. It would al-
low citizens to be aware of new urban plans and it would encourage them to partici-
pate more interactively in the urban development process of their city.

17.2 � Approach and Methodology

When a local government studies a new development in the context of its urban 
area, it receives multiple ideas from its own technicians or from the proposing de-
velopers. This results in different proposals that may vary significantly depending 
on the value given to each parameter affecting the urban design and purpose for the 
studied area.

Instead of leaving the final decision only to a political—technically advised—
board, a mechanism is proposed to open participation to the citizens of the affected 
study area in these proposals. There is nobody better than the citizens living in the 
area to identify if a certain proposal meets the area’s requirements or presents unde-
sirable features. This information can be very valuable to complement the technical 
and political vision.

Next we analyse the general scenario and present the data and methodology to 
design the application to implement this crowdsourced urbanism concept.

4  http://eu-smartcities.eu/content/lack-end-user-engagement-participatory-design-sustainable-public-
space-and-public-buildings

http://eu-smartcities.eu/content/lack-end-user-engagement-participatory-design-sustainable-public-space-and-public-buildings
http://eu-smartcities.eu/content/lack-end-user-engagement-participatory-design-sustainable-public-space-and-public-buildings
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17.2.1 � Preparing Data

First of all, the area of study will be determined, i.e., a preliminary study of a par-
ticular area, such a district or a city. Available data must be studied, organized and 
integrated into the system model in order to be able to present a rich and coherent 
scenario, in accordance with all the existing proposals in the system.

One of the most important matters is to define the perimeter of the geo-fence. 
Geofence is the term describing the boundaries of an area, and can help organize 
data and events within it. The final goal is to notify users on what is happening in 
the area and especially, to raise events when they enter or exit the geofenced area.

Next, and in order to build the model for each different proposal, the application 
administrators must collect and prepare a set of data; for correct urban planning, the 
road network should be defined. Existing and new buildings should be modelled 
and their rules (all the elements relations and constraints) defined. Preparation of 
the necessary data means to model each object (geospatial entities with a role in the 
application) and the rules that define it, which will take into account relations with 
other objects and constrains such as limiting values for their parameters.

Depending on the type of proposal, time and financial constraints, the level of 
detail of the city elements descriptions and rules can vary. However, each rule has to 
at least allow the modification of the value of a certain parameter in a given range, 
and render the object and explain the consequences of the modification in terms of 
its effects on other parameters, according to the chosen value.

A sample of this can be seen in Table 17.1 where three city elements are de-
scribed. For example, the element ‘network’ is defined by its total width and clas-
sified by its uses: roadway, for wheeled traffic, with a minimum width of 3  m; 
pavement, for pedestrian traffic, with a minimum width of 1 m for each side of the 
roadway and, when one of them is wider than 2 m, allows the insertion of trees; and 
parking space, with a minimum width of 2.5 m, in one or both sides of the roadway. 
All three should sum up the network’s width, and their different values create differ-
ent configurations which affect, among others, traffic density and speed or related 

Table 17.1   Sample of editable parameters for a city proposal and their impacts
Element Parameter Definition Relations Dim All affecting

N Network m (width) L; R; F > 6 Traffic density
Rd Roadway m (width) = N-Ps-Pv 0; > 3 Traffic speed
Ps Parking m (width) = N-Rd-Pv 0; > 2.5 CO2 releases
Pv Pavement m (width) = N-Rd-Ps > 1 + 1 Parking space needs
Tr Trees Y/N Pv > 2 Green space
R Residential 

lots
sqm (block 
division)

N Per person

Rb Buildings n (floors 
number)

2 < n < 8 Sun—shadow hours

m (depth) 10 < m < 20 …
Public space sqm = R-Rb

F Facility lots Type N
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CO2 releases. Similar definitions can be made for other elements such as residential 
or facility lots.

Some of the characteristics of the proposal are not listed in the table because 
certain parameters, such as square meters of residential building needed, should 
remain an administrative decision, and cannot be edited or discussed. Is the local 
government who is in charge of knowing its city needs and sets the main parameters 
to be accomplished by new developments. Thus, several values and dimensions 
of the development proposal will be shown, but will not be available for editing. 
Moreover, the intervals in which the values of the different parameters can be edited 
will vary from one plan to another, depending on the characteristics and needs of the 
studied area and its surroundings.

When the local government administrators in charge of urban planning, and 
therefore of development proposals, have completely defined and implemented the 
above explained process, geofence boundaries can be assigned. Data is organized 
and defined according to the system model and the model is ready to be integrated, 
published and set into the application for the citizens to start using the app.

17.2.2 � Using the App

When defining the engagement gap in public participation it is interesting to dis-
cuss the definition of the term crowdsourcing itself (Howe 2006). It describes the 
partition of a complex task into smaller sub-tasks, which are typically ones that 
humans can better handle and capture than computers. The group of people who 
form a community on a particular task currently connects, acquires and manages 
feedback through web-based platforms. The challenge of these platforms depends 
on the coverage and availability of crowdsourced content for a designated area. This 
means having an active community that provides enough volume of relevant infor-
mation for a particular geographical (urban) area. The incentives to contribute are 
various and sometimes hard to determine, but crucial for sufficient data collection. 
We can find, among others, altruism, professional or personal interest, intellectual 
stimulation, protection or enhancement of a personal investment, social reward or 
enhanced personal reputation, creative and independent self-expression or pride of 
place (Coleman et al. 2009).

A recent trend in application design to engage users is to create potential in-
centives by adopting gaming techniques (Delacruz and de Souza e Silva 2006;  
Chatfield 2010). This is being increasingly considered in the context of urban plan-
ning. The term gamification (Zichermann and Cunningham 2011) is used to describe 
the set of techniques to entertain and engage users to applications developed in 
non-entertainment domains applied to particular applications such as capturing data 
about a certain urban area or the behaviour of the citizens living in it.

As seen in Fig. 17.1, by taking advantage of one of the smart phones’ most com-
mon sensors, the GPS, a notification will be sent to users when approaching a loca-
tion that is planned for (re)development. This is a passive action (push notification), 
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which tries to attract the user’s attention to his environment, and thus start using our 
application and overcome the engagement gap.

If the user decides to open the notification, the officially proposed 3D models, 
bird’s-eye and street view images will be geolocated on his base map, and other in-
formation such as explanatory texts and tables with figures or other users comments 
will be available to be consulted.

Users will then be able to spread the content of the official proposal in social 
networks, comment and modify some of the proposal characteristics such as road 
section, number of floors for buildings or type of equipment needed for the area.

While modifying the official proposal, users get feedback about the consequenc-
es of their modifications in terms of the affection to other parameters, according 
to their chosen values for a given parameter in the form of short tips notifications. 
Thus, citizens can take informed decisions while modifying the original proposal.

This feedback is necessary for better decision making due to the fact that each 
element and parameter are defined as affecting citizens interests such as traffic den-
sity, hours of sun-shade, parking lots or CO2 releases derived from traffic and are 
related to each other by dimensional constrains. If a citizen wants to make roads 
wider, it will affect block size, and therefore, buildings will appear smaller. The app 
could warn the user that the total residential area is then too small to fit the optimal 
need for the area. The citizen could then choose to make buildings taller, and the 
app could warn him that his decision is affecting the hours of sun for gardens and 
first floors of the buildings. These tips act as internal feedback for users, and aim to 
encourage more conscientious participation.

When users decide that they like their design, they can save changes and store 
their project in a personal folder. The 3D model, together with a report showing 
the graphical and numerical data and the facts derived from them is saved. They 
can store a number of proposals. If they want to contribute, they can then, from 
that folder, share their proposal with other users through the application or through 
social networks.

The objective of sharing users’ designs is to motivate citizens through the com-
parative, competitive, exhibitionist experiences. They will be able to see, comment 
and vote on other proposals, and thus, proposals are ranked and users receive no-
tifications on the acceptance of their designs together with comments from other 
users. This feedback is also important for them to stay connected and informed of 
the project’s updates and encourage them to improve their proposals and keep par-
ticipating and thus providing information.

Finally, they can send their proposals to the local government. If a user wants 
to officially inform the administration of his opinion on the area’s requirements 
or undesired features he can send it to be stored for the government technicians to 
study. Citizens will then be notified though the application with an official answer 
about their concerns.

In any case, government technicians and politicians can consult all of the shared 
proposals, so they can compare and analyse citizens’ opinions and if appropri-
ate, comment and take them into account for the project. This will also update the 
official proposal, justifying the decisions taken related to citizens’ concerns and 
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designs. Citizens will receive, as feedback, a notification with the similarities and 
differences of their own proposal to the official one, in terms of the parameters 
values, and the justification of the winning proposal.

All of these types of feedback provided to the users—on the number of partici-
pants, the differences from their proposal to the winning project, which design ele-
ments are closer and further from the winning ones, the opinions and votes shared 
with other participants and so on—try to keep users in the participation loop. A 
more graphical description of this process can be seen in Fig. 17.2.

Fig. 17.2   Engagement gap and participatory loop
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17.3 � Application Design

To facilitate the extensibility and maintenance of the system, allowing its adaptation 
to different urban environments, types of plans, time and financial constraints, it has 
to be designed in a modular and interoperable manner.

According to recent ICT trends, this crowdsourced urbanism application ar-
chitecture would follow the service oriented architecture paradigm. This basically 
means that the provided data and functionality would be served through web ser-
vices. The unique entry point to these services should be implemented in the form 
of a responsive application, for a friendly mobile visualization.

The application must be scalable and extensible, that is, it has to be adapted to 
new requirements and new data. This means that the application has to be designed 
in a modular way. Furthermore, these modules should have a well-known function-
ality and interface so the application is more easily maintained. Most important 
decisions in this line are to design the architecture and implement the components 
according to international standards and initiatives. Moreover, underlying techno-
logical complexity should be transparent for the final users and they do not need to 
be aware of the processing of the data consequence of their decisions. For example, 
when moving a slider for changing a building height, seeing how the building grows 
is the only thing the users need to get, the underlying processing of the data and 
rendering mechanisms are not of their interest. Thus, the application provides user 
with a unique entry point to the system, offering an intuitive manner to handle data,

As seen in Fig.  17.3, project architecture follows the European directive IN-
SPIRE (INSPIRE 2007) which defines a classical service-oriented three-layer ar-
chitecture. The system includes the required functionality in the form of Network 
services and the client applications in the form of a mobile application.

This architecture allows us to cope with the different urban environments, types 
of plans and time and financial constraints, since adding or removing components 
would add or remove data and/or functionalities.

As an example, Fig. 17.4 describes the functionality and workflow of the first 
prototype to be developed in the context of the University Jaume I of Castellón 
Campus, a young medium size compact campus still in development.

From left to right, the unique entry point allows users to access their profiles ac-
tivity or navigate the map exploring new developments proposed by the University 
Office for Buildings and Infrastructures Developments (OTOP5). Next, options for 
choosing a proposal through the map from a public list containing all the develop-
ment proposals, or from the users’ list containing only the proposals where the user 
has performed any action, which can be displayed by project or by other users’ 
activity on those projects. Then, information about the development proposal is dis-
played: an image, some information about the project and a list of users’ activity on 
that proposal. Next, users’ interaction options: navigate the 3D model and capture 
an image and comment, vote on or share other users’ images and comments. Last, 

5  https://www.uji.es/serveis/otop/
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notifications give users direct access to specific project information. Note how proj-
ects and some actions like uploaded images or comments are rated.

Back to Fig. 17.3, this prototype uses some of the concept architecture modules, 
while leaving others for future development. Data from official proponents (OTOP) 
and from users is not to be stored separately, but fit within the system model. Ser-
vices like location and notification will be used to build the client functionalities, 
which include components from the social media module like share, comment or 
vote, the map navigation and positioning module and updating and location based 
components from the notifications module, but it will not use any component from 
the editing module.

In this context, the modularity of the proposed system will allow module editing 
in the future, since the data model is fitting the local requirements. If a project type, 
or time and financial constrains prevents the modelling of the data according to the 
system or geolocating the data model, geolocation notifications, map navigation or 
editing components won’t be available for use. However, exploring the model, com-
menting or rating will still be possible. On the other hand, some developers would be 
able to add new components or modules, both taking advantage of the system data 

Fig. 17.3   Application conceptual architecture
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model or not, providing functionalities not envisaged by this concept architecture, 
from as simple as uploading a photo using the smart phone camera to more complex 
features like displaying information pop-ups by touching a 3D model element.

17.4 � Conclusions

We have shown how applying information technologies in general and geospatial 
technologies in particular act as a facilitator in the participatory design and use 
of public space and city building. The main goal in doing this is to improve not 

Fig. 17.4   UJI app workflow
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only the visibility of urban planning but also to improve the citizen participation 
process to enrich public administration work and achieve a more desirable devel-
opment scenario of a city. To do so, we described an application that addresses the 
lack of transparency in the urban planning communication process and enables a 
mechanism for crowdsourced urbanism. The main idea is to increase visibility of 
the related spatial data and information to facilitate citizen participation.

The proposed application uses location information as a starting point to help us-
ers to gather information and provide their opinions, thereby filling-in the engage-
ment gap; using gamification techniques it then appeals to user emotions provided 
by problem-solving experiences, helps citizens to explore-discover an area and its 
urban development in their surroundings, which enhances team working, recog-
nition, imagination and expression, and allows citizens and neighbours to share 
these experiences. The ultimate goal of this work is to provide sensitive information 
about the impact of user suggestions and feedback in the urban planning process 
and its impact on the final approved plan. All of this contributes towards keeping 
citizens in the participation loop and moving towards a more desirable community.

17.5 � Recommendations

Achieving the main goal of implementing the concept of crowdsourced urbanism 
means working at the intersection of at least these four components: official policy 
making, location based services, procedural 3D modelling and user-engagement 
strategies through gaming techniques. The contribution of each one of these should 
be studied in deeper detail, since they are powerful enough to address important 
needs. However, they all present their limitations and constrains, and their inte-
gration in the exact level of complexity and usefulness is the key to building a 
successful tool.
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18.1 � Introduction

Geoplanners and geodesigners have been using GIS since its inception, first mainly 
as a mapping tool, then more generally for data management, analysis and visual-
ization, and more recently also for synthetic tasks such as process modeling and 
dynamic 3D landscape representation. The emergence a few years ago of geodesign 
as a concept and as a set of advanced techniques has further increased the value of 
GIS for planning and design. Geodesign has been variously defined as “designing 
with nature in mind” (Dangermond as quoted in Esri 2010, p. 6), “changing geog-
raphy by design” (Steinitz as quoted in Esri 2010, p. 7), and “a design and planning 
method which tightly couples the creation of design proposals with impact simula-
tions informed by geographic contexts” (Flaxman 2010). Wikipedia authors provide 
a couple of additional definitions along similar lines, but then go on to comment:

[G]eodesign builds greatly on a long history of work in geographic information science, 
computer-aided design, landscape architecture, and other environmental design fields—and 
it’s still somewhat unclear whether geodesign differs greatly in substance from existing 
efforts. (http://en.wikipedia.org/wiki/Geodesign)

The growing interest in geodesign—however defined—is boosting decades-old 
hopes of landscape architects, land use planners, and spatial planners more gener-
ally that GIS will help transform these fields. This has not been the case so far, 
despite the wide adoption of GIS and related technologies in design-oriented offices 
and agencies across the world. As recently as 2010, Goodchild noted that “in the 
four decades that have elapsed since its birth, this notion of GIS as improving the 
process of design has become less central” (p. 8). Indeed, as a science-based ap-
proach, GIS involves aspects of scientific inquiry such as measurement, modeling, 
simulation, optimization, visualization, and the study of uncertainty. Missing for 
the most part are notions that are integral to the design perspective, ‘soft’ aspects 
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such as intentionality, purpose, and function, and the recognition of functional and 
other, not directly spatial, relationships that must hold among disparate physical 
parts. Purpose and function in particular are rarely explicit themes in GIS, though 
Couclelis (2010) suggests that they are analytically relevant in two ways: (1) as the 
motivations for constructing a particular plan, representation, or model; and (2) as 
fundamental properties of most entities commonly represented in a GIS, i.e. artifi-
cial or more generally, human-configured entities. These qualitative dimensions of 
the design perspective are commonly ignored in GIS applications as being ill-com-
patible with objective scientific analysis, yet the purposes—often conflicting—that 
motivate planning and design decisions, and the environmental functions that these 
decisions may promote or inhibit, are part and parcel of geodesign.

The extraordinary recent expansion of GIS tools, methods and data at the service 
of geodesigners has rendered moot several earlier critiques of GIS originating in the 
planning community. Many planners and geographers feared that GIS in planning-
related fields would benefit the skilled and the already privileged and further dis-
enfranchise the poor, the uneducated, and those on the margins of society (Pickles 
1995). This critique led to the development of the subfields of Public Participation 
GIS (PPGIS) and—for well-defined groups of stakeholders—Participatory GIS 
(PGIS), both of which are still going strong (Jankowski and Nyerges 2001). There 
were also issues of privacy and surveillance, of imposing a technocratic view of the 
world on other people’s perspectives, of affecting societal priorities by focusing on 
what is easily measurable, and so on. These other concerns too have been to a large 
extent resolved, to the point that most of those who used to be the critics are now 
often using GIS themselves (Nyerges et al. 2011).

Planning Support Systems (PSS) emerged in the early 1990s as a response to the 
increasing complexity of planning in societies that value both the diversity of opin-
ions and the scientific grounding of public decision-making (Brail and Klosterman 
2001; Geertman and Stillwell 2009). They were enabled by major improvements in 
computational resources and geospatial data availability, and relied heavily on the 
rapid expansion and increasing sophistication of GIS. The main purpose of PSS is to 
integrate the societal and technical aspects of planning with the computational bo-
nanza of our age, and are thus, at least in concept, one of the best incarnations of the 
idea of geodesign to date. But the adoption of PSS has been slow, indicating prob-
lems yet to be resolved. Also, certain ways of thinking characteristic of design re-
main elusive. For example, sketching (the process, not the product) is the designer’s 
way of working out her or his notion of the purpose of the object being designed, 
its function as an expression of the activities or processes that object is intended to 
support, and the configuration of spatial parts that will afford that function. Sketch-
ing is not about producing a design but a concept for a design, mixing map-like 
parts with diagrammatic parts, with pictorial representations, rough drawings, ab-
stract geometric shapes, and textual annotations. While sketching, the designer will 
sometimes think aloud, or discuss each meaningful stroke of the pen with a col-
league, cross out parts of the emerging gestalt, and start over. This thinking process, 
which freely draws upon qualitative and quantitative, and spatial and non-spatial 
elements, does not easily lend itself to tool development. Equally intractable is the 
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designer’s ability to see disparate spatial parts as a proximal space—a spatially 
distributed whole connected through functional, social, ecological, and other rela-
tions. Together, the qualitative and non-spatial aspects expressed in sketching and 
the apprehension of proximal space are essential aspects of design, yet remain very 
difficult to capture in GIS-based tools (Couclelis 1991).

Missing perhaps from the still young geodesign literature is a view of design 
deriving from Simon’s (1996) famous essay on the “Sciences of the Artificial”. Un-
like the traditional analytic sciences, the sciences of the artificial concern objects 
that would not have existed but for an agent’s intention to serve particular purposes 
through a design or artifact that can support desired functions. As Simon notes, even 
something as simple and physical as a tin can cannot be fully described or under-
stood unless its purpose and function as a fluid container is also taken into account. 
This connection between intention and product applies to any artifact, from the 
rough stone implement of a prehistoric society to the most advanced achievement 
of today’s engineering. It applies equally well to non-material things such as plans 
and formal models, as these, too, are products of human ingenuity designed for a 
purpose. Table 18.1 summarizes some important contrasts between the traditional 
analytic sciences and the synthetic ‘sciences of the artificial’.

The ongoing research project partly outlined in this chapter hopes to contrib-
ute to geodesign by developing a new, systematic way for integrating such ‘soft’ 
aspects of design as described above with the ‘hard’, science-based capabilities of 
today’s GIS. In many ways our proposed approach, which we call ‘perspectives 
mapping’, is similar to that of other planners and geodesigners. Best known is prob-
ably the framework developed and applied by Steinitz (2012) over several decades, 
and the six ‘questions’ at its center. Perspectives mapping differs from this and 
other well-known efforts in two important respects. First, it takes seriously Simon’s 
(1996) idea that design is a distinct kind of science, requiring a distinct approach. 
This contrasts with the often ambivalent attitude towards design of even prominent 
practitioners. For example, Ervin (2008) wonders whether design is an art or a sci-
ence or just a kind of problem solving. Secondly, perspectives mapping has direct 
linkages with certain more theoretical aspects of geographic information science 
and beyond, and could eventually benefit from these associations. These two as-
pects will be examined in more detail in the discussion section.

The methodology described here is applied to the early phases of the design of 
a spatial plan for managing activities in a marine area, where several stakeholders 
hold partially divergent views on critical aspects of the issue. Perspectives mapping 

Table 18.1   Contrasting the dominant analytic stance of GIS with the synthetic stance of the 
Design sciences. (Source: Couclelis 2009)
GIS and traditional sciences The design sciences
Analysis Synthesis
From instances to principles From principles to instances
Causal Goal-oriented
Descriptive Prescriptive
Positive Normative
IS OUGHT
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concerns the merging of geospatial and non-geospatial information relating to the 
views of individual stakeholders. Its place in the overall design process is indicated 
in Fig. 18.1a. The methodology is described in Sect. 3, while Sect. 2 outlines the 
marine planning context of this effort. Section 4 broadens the discussion and is fol-
lowed by a brief conclusion.

18.2 � ‘Soft’ and ‘Hard’ Aspects of Coastal and Marine 
Spatial Planning (CMSP)

Coastal and marine spatial planning (CMSP) is an environmental management ap-
proach that limits what human activities may occur in certain areas (Pomeroy and 
Douvere 2008). CMSP provides the application framework for this research, though 

Fig. 18.1   a (Top) Generalized design process. b (Bottom) Workflow of the perspectives mapping 
methodology
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the principles would apply equally well to terrestrial environments. In a typical 
CMSP process information is collected that describes the nature and distribution 
of biological and physical factors such as benthic habitats, ecologically important 
species, and oceanic currents. In addition, information is collected that describes the 
human uses of coastal and marine space including commercial, cultural, military, 
and other uses. This information is often provided by stakeholders through surveys, 
participatory mapping, interviews, public meetings, workshops, and other forums. 
While some of the information may contain direct geospatial references, much 
stakeholder feedback lacks these references while expressing economic, ecological, 
and cultural values of the marine resources at stake. Such ‘soft’ information regard-
ing stakeholders’ perspectives is difficult to quantify, georeference, and integrate 
with biophysical data.

As in terrestrial environmental planning, geospatial tools are often used in marine 
planning to facilitate the development, evaluation, and selection of policies, regula-
tions, and other interventions that will affect the coast and seascape. Spatial Decision 
Support Systems (SDSS), Planning Support Systems (PSS), Public Participation 
GIS (PPGIS) and Participatory GIS (PGIS) are used to address specific tasks in the 
planning process. We refer to these diverse approaches as GIS-based Decision Aids 
(GDA). These tools serve two primary functions: to allow participants to explore a 
problem for better understanding; and to help generate and evaluate alternative solu-
tions taking into account different objectives and trade-offs (Densham 1991).

Planning for the marine environment differs from terrestrial planning in sev-
eral respects. Ocean systems tend to be less well studied than terrestrial systems 
(Agardy 2000), resulting in greater uncertainty for decision-making. The space rel-
evant to marine planning—including everything between the sea surface and ocean 
floor—is volumetric rather than planar, and many of the resources in question are 
invisible from the surface. The ocean is often viewed as a commons, where the same 
space may support commercial, recreational, and other uses (Gilliland and Laffoley 
2008). Marine boundaries are often invisible and highly permeable to people, ani-
mals and pollution, transported under their own power or by oceanic currents. As a 
result, the spatial extent of areas considered in marine planning is often much larger 
than in terrestrial planning, with areas covering tens of thousands of square kilome-
ters common (e.g., Gleason et al. 2010).

These differences have led developers to create GDA that are tailored to ad-
dress specific tasks in marine planning. For example, geoprocessing and analy-
sis of common marine data types is facilitated by the Marine Geospatial Ecology 
Tools (http://mgel.env.duke.edu/mget). Management, visualization and commu-
nication of spatial data are facilitated by online geo-portals and atlases such as 
the California Ocean Use Atlas (http://marineprotectedareas.noaa.gov/dataanaly-
sis/atlas_ca/viewer/). Optimization modeling that maximizes conservation goals 
while minimizing cost is performed by Marxan with Zones (http://www.uq.edu.au/
marxan/latest-r-d), a tool used in both marine and terrestrial planning. Engaging 
stakeholders in the design proposal and evaluation process is the main function of 
SeaSketch (http://www.seasketch.org), a Web-based GDA that is used to conduct 
the present research.

http://mgel.env.duke.edu/mget
http://marineprotectedareas.noaa.gov/dataanalysis/atlas_ca/viewer/
http://marineprotectedareas.noaa.gov/dataanalysis/atlas_ca/viewer/
http://www.uq.edu.au/marxan/latest-r-d
http://www.uq.edu.au/marxan/latest-r-d
http://www.seasketch.org
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The research outlined here seeks to expand the scope and type of information 
that can be considered in a GDA, and to integrate that information within a co-
herent geodesign framework suitable for environmental (in this case: marine and 
coastal) planning. More specifically it addresses the question of how to system-
atically integrate ‘hard’ geospatial information with ‘soft’ information on different 
stakeholder perspectives, along with information concerning associated stakeholder 
activities and marine environment functions that is not explicitly geospatial. Exam-
ples include information about the interactions, relationships, and functions of the 
environmental entities involved but also—critically—about the values, interests, 
perceptions, and purposes of the people affected. Indeed, things in the world can be 
significant to different people (or to the same people under different circumstances) 
in different ways. A coral reef may provide sustenance to a fisher, an ecotourism 
destination to a SCUBA dive guide, and a navigation hazard to a container ship 
captain (who may also be a SCUBA diver when off duty). None of these possibili-
ties are inherent, observable attributes of the coral reef such that would normally 
be found in a GIS database. A reef’s location, extent, biological composition, and 
morphological type may appear as attributes of a digital object representing a reef, 
yet none of these indicate how that reef may be significant within the larger social 
and biophysical world.

We plan to apply and evaluate the methodology in a collaborative CMSP effort 
currently underway in the Hauraki Gulf, New Zealand (HGF 2011). Managers of 
the Hauraki Gulf Marine Park, which spans some 13,000 km2, face challenges of 
balancing recreational, commercial, and cultural uses of this popular marine area 
surrounding the busy port of Auckland. The purpose for this CMSP process is to 
establish areas where different activities may take place in such a way as to reverse 
environmental decline while taking into consideration the economic, recreational 
and cultural needs and wishes of different stakeholder groups. The web-based col-
laborative geodesign tool SeaSketch will be used at different stages of the project to 
support and enhance stakeholder contributions. The tool accommodates both maps 
and text-based commentary that references specific information that may be spatial 
or not. SeaSketch allows stakeholders to visualize geospatial data layers, design 
their own plans, analyze plans, assemble and share maps with others, annotate their 
maps and designs, and discuss their maps and designs with other stakeholders in a 
text-based forum.

18.3 � Methodology: From Perspectives to Maps

Like most kinds of spatial planning, the CMSP process consists of a number of stan-
dard phases such as collecting and analyzing data, developing and evaluating alter-
native plans, deciding on a plan, and getting it implemented (Fig. 18.1a). SeaSketch 
can contribute to any of these steps to the extent that they involve stakeholders, and 
it emphasizes in particular the early steps of gathering and organizing information 
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relating to the planning area, where stakeholder knowledge and perspectives are 
most critical. Accordingly, our research also focuses on that initial phase, and in 
particular on the problem of deriving consistent and information-rich digital ‘per-
spective maps’ from stakeholders’ inputs that merge qualitative, non-geospatial and 
geospatial information. The methodology that we describe in this section is novel 
as far as we know and is inspired by Simon’s (1996) vision of artifacts (plans in this 
case) as primarily the products of user intentions and perspectives. While developed 
with SeaSketch in mind, perspectives mapping could be conducted using any other 
GDA with similar collaborative functionality.

The objective of this initial phase is first, to elicit the necessary qualitative, non-
geospatial information from each participant, and then to connect this in a systemat-
ic way with the appropriate geospatial information, eventually resulting in a digital 
map. In this section we describe a methodology for establishing a direct path from a 
stakeholder’s perspective to the specific set of geospatial measurements entailed by 
that perspective. Initially, information is collected regarding stakeholders’ percep-
tions: their understanding of how the relevant systems function, and their analysis 
of the parts and relations that allow those functions to exist. The planning profes-
sionals and other key experts may be treated as ‘super-stakeholders’ who contrib-
ute quantitative and qualitative information of the same kind as other participants. 
Their views are weighted as appropriate in later phases of the planning process. It is 
important to document this information in the context of a GDA such as SeaSketch 
that allows the ‘soft’ aspects of the stakeholders’ perspectives to be represented in 
the same system where quantitative geospatial data are managed.

For the data collection and analysis phase of the project, the following workflow 
is planned (Fig. 18.1b). The information may be in narrative form, elicited in inter-
views or web-based surveys, provided in free-hand digital sketches or diagrams, as 
rough sketch maps, etc., and will be managed in SeaSketch. Focus groups of three 
to four individuals from each stakeholder group will be convened, and each will be 
asked to provide information on the following elements:

a.	 their perspective or interests related to the coastal marine environment
	 (e.g., commercial fishers depend upon marine environment for livelihood, eco-

nomic security);
b.	 the activities that they engage in, related to these interests
	 (e.g., boating, fishing);
c.	 the functions that the coastal marine environment must provide in order for them 

to engage in these activities
	 (e.g., support viable fishery, allow unrestricted movement between fishing loca-

tions and shore facilities);
d.	 the spatial and non-spatial elements that enable these activities and functions, 

including the necessary properties of each and their spatiotemporal relations
	 (e.g., adequate transportation, fishing gear, personnel, shore facilities within rea-

sonable distance to fishing locations, regulatory zones that permit boating and 
fishing activities, suitable marine habitat and ecological relationships for sup-
porting target species).
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Based on the information provided by the focus groups, the final two steps will be to:

e.	 identify the geospatial structure and appropriate models that may be inferred 
from the information in step (d), above;

	 (e.g., species’ life history models, food web models, habitat connectivity and 
configuration);

f.	 map the relevant geospatial data in appropriate detail, along with the appropriate 
spatiotemporal granularity and extent

	 (e.g., classified benthic habitat layer, population and migratory data for target 
species, maximum distance from shore facilities).

The maps obtained for each stakeholder or focus group will be the main inputs of 
the next stage of the planning process (not described here) in which stakeholders’ 
maps are compared to identify commonalities and conflict hotspots (Fig. 18.1a).

18.4 � Discussion

Our methodology builds upon years of work in geodesign in the broad sense and on 
related areas of geographic information science but also contributes certain novel 
aspects. The emphasis on participant perspectives is not new. Most GDA allow 
some consideration of intentionality as expressed in the purposes, perspectives, in-
terests, intentions, viewpoints, goals, objectives, weightings, etc. of participants in 
a design process. Indeed, as Simon (1996) made clear, without the element of inten-
tionality there is no design. In a planning context, Operations Research formalized 
this idea in the methodology of multi-objective optimization (Ligmann-Zelinka 
et al. 2008). The collection edited by Brail and Klosterman (2001) provides several 
examples of planning support systems that take into account stakeholders’ differing 
perspectives, and so do the methodologies developed in the fields of PGIS and PP-
GIS (Kingston 2011; Ramasubramanian 2011). Some planning-oriented work using 
multi-agent models (e.g. Ligtenberg 2006) represents not only the differing interests 
of stakeholders but also their varying perceptions and beliefs about the design issue 
at hand. Finally, several different GDAs along the lines of SeaSketch support differ-
ent aspects of communication among stakeholders, the expression and clarification 
of their ideas about a project graphically or in words, conflict resolution, and the 
negotiation of possible solutions. However, with rare exceptions, participant per-
spectives are treated as inputs to the geodesign process and not as an integral part 
of its structure.

What may be new about perspectives mapping is the notion that a direct, system-
atic path could be traced from a participant’s intentions to ‘hard’ geospatial data, 
each step being systematically documented using an appropriate GDA. Starting 
with (1) each stakeholder’s characteristic interest in a specific design problem, the 
methodology (2) elicits information about activities relevant to each, (3) focuses on 
the abstract notion of function and associated activities corresponding to that per-
spective, (4) infers, in sketch form, the structure of physical and non-physical parts 
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and relations that supports that function, (5) extracts from the above the geospatial 
structure underlying the function in question, and (6) implements the latter at the 
appropriate spatiotemporal granularity and level of detail, to the extent allowed by 
available data. By contrast, the traditional representation of the planning process is 
one of many possible variations of the following sequence: (1) Identify and analyze 
problems in the study area; (2) set goals; (3) generate alternative solutions (plans); 
(4) evaluate plans; (5) choose a solution; (6) implement and monitor. While plan-
ning textbooks will immediately add that there should be stakeholder participation 
in at least some of these steps (as is indeed legally mandated in the US and else-
where), there is no indication in this impersonal-sounding sequence as to how this 
should be done. Whose problems are identified and analyzed? Who sets the goals? 
How, and by whom are the alternative solutions generated? And so on. Steinitz’s 
(2012) version of this model may be the only one that even mentions the investiga-
tion of function as one of six necessary steps.

While it is too early in the life of our project to assess the feasibility and useful-
ness of this procedure, we are encouraged by the fact that it relates to other work 
in geographic information science and beyond. Insights from that work may be 
applied to extending the functionality of SeaSketch, the main GDA to be used in 
this research, to improve the latter’s ability to support interaction between all par-
ticipants in the planning process, at all stages of the 6-step perspectives mapping 
procedure outlined here. Further, the methodology itself derives from a conceptual 
framework for geographic information ontologies proposed by Couclelis (2010), 
currently being formalized. The framework, which integrates analytic and design-
oriented thinking, is intended to facilitate the generation of user-oriented models 
of different kinds that are tailored to the problem-solving context. It consists of a 
number of levels that may roughly be described as follows:

a.	 What is the purpose of the model being built?
b.	 How should it work? (function?)
c.	 What structure is needed to get it to work in the desired way?
d.	 What are the necessary parts of that structure?
e.	 What information (data) do we need to represent or build that structure?
f.	 What spatiotemporal frame is most appropriate?

This sequence may be thought of as a reusable ‘pattern’ (or as a sequence of six 
linked patterns) in the sense of the notion of ‘pattern language’ as proposed in the 
design sciences by Alexander et al. (1977). In Alexander’s words, “Each pattern 
describes a problem that occurs over and over again in our environment, and then 
describes the core of the solution to that problem, in such a way that you can use this 
solution a million times over, without ever doing it the same way twice” (p. x). This 
idea born in architecture was adopted by computer science and several other fields 
to denote a general solution to a recurring kind of problem that may be customized 
for each specific application. We note that recent work on ontology engineering 
design patterns (Gangemi and Presutti 2009), which aims at providing tools for 
more productive access to the wealth of information available of the web, is in-
spired by the same source. This broader technical interest in an idea originating in 
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design may bode well for GIS as the geodesign support tool par excellence. Further, 
more distant connections that cannot be discussed here go back to AI and the work 
on scripts, frames and schemas (e.g. Schank and Abelson 1977) that may also be 
thought of as patterns in the same sense, while automated planners such as Hierar-
chical Task Networks (HTN) provide templates for connecting activities with func-
tions and eventually spaces (Lekavy and Navrat 2007). We mention these rather 
remote connections as they may provide potential leads for new kinds of geodesign 
tools. While our ideas are still tentative, we would like to think that someday the 
planning methodology presented here may help close the circle from design to on-
tology engineering to AI and back to design.

18.5 � Conclusion

We have outlined a methodology for systematically integrating several of the intan-
gible, non-geospatial or otherwise easily measurable ‘soft’ aspects of collaborative 
design and planning on the one hand, with ‘hard’ geospatial data on the other. While 
developed with SeaSketch in mind, the perspectives mapping methodology is quite 
general and should be compatible with any geodesign context that calls for translat-
ing participants’ intentions, perspectives, and qualitative forms of knowledge into 
digital representations. Perspectives mapping traces a path from stakeholder inter-
ests to functional considerations to functional structure to the geospatial aspects of 
that structure, such that geospatial data of the appropriate kind, detail, dimensional-
ity and spatiotemporal granularity corresponding to each perspective may be se-
lected for analysis and visualization purposes. While still untested, the methodology 
is backed by work in geographic information science and beyond that leaves room 
for hope that it may be implemented as a general-purpose approach for planning 
and design problems. A possible objective for future work is to develop a suite of 
geodesign tools specially formulated to support this methodology. More immediate-
ly realistic is to extend where possible the functionality of the SeaSketch software 
along the lines described in this research. Either way, our objective is to promote 
the notion of geodesigning ‘from the inside out’, that is, the idea of designing as a 
distinct science that does justice to the intentional creators of designs.
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19.1 � Introduction

19.1.1 � Smart City and Smart Citizens

Smart cities are often defined as urban areas that are made efficient, safe and sus-
tainable by applying sensor networks, algorithms and feedback loops (Neirotti et al. 
2014). This research adopts an alternative view where “urban smartness” is a func-
tion of its citizen characteristics (Boonstra and Boelens 2011; Boyer and Hill 2013; 
Greenfield and Kim 2013; Townsend 2013). It recognizes the potential of bottom-
up initiatives and it credits the capacity and desire of assertive, engaged and con-
nected citizens to participate in the urban planning process (Van den Berg 2013). 
In this research we place citizens at the center of the smart city discussion. While 
sensors measure physical properties, the connected citizens, also known as the net-
worked society, often value and strive for improvement of “softer” urban qualities 
such as pleasant and beautiful living environments, vibrant urban fabric, serendip-
ity, pleasant chaos, etc, which are crucial for the short- and long-term vitality of 
the city, but are difficult, if not impossible to quantify with physical measurements.

Unfortunately, attempts by connected citizens in The Netherlands to meaning-
fully engage with top-down planning institutions are frustrated, as they have few 
means to engage with the urban planning process offline and even less opportunities 
to do so online (Van den Berg 2013).

Despite extensive research in information technologies for facilitating the com-
munication between citizens and authorities, such as Public Participatory GIS (PP-
GIS), there still exists a gap between these groups. Most PPGIS efforts fail to leave 
permanent marks on newly formed urban plans. In their recent study on challenges 
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in PPGIS adoption, Brown and Kyttä (2014) acknowledge PPGIS’ failure to inform 
the place-making process by stating that, despite considerable amount of research in 
this field, “… the future challenge for the development of PPGIS tools and methods 
will be to provide opportunities to achieve discourse and collaboration, rather than 
simple collection of spatial data.”

In this chapter we argue that past efforts to engage the public in participating in 
the urban planning process by deploying digital GIS tools focus primarily on ap-
plying the workflow of a given (geo) instrument to the place-making process. To be 
adopted, citizen engagement instruments need to add more to the decision making 
process than raw data produced by the citizens. Kahila and Kyttä (2009) observe 
that the adoption of citizen participation instruments “depend on the willingness of 
the planners and decision makers to use the produced experiential knowledge and 
the new methods in their work.” Efforts to streamline the decision making process 
should therefore go beyond the mere application of geographical information tech-
nology and pay attention to the process’ and people’s needs. We therefore propose 
the application and operationalization of the Steinitz (2012) geodesign framework 
which offers a decision making workflow that includes the citizens, urban planners 
and designers, and information technology disciplines in equal measures. By broad-
ening the scope to encompass other fields of study—and deemphasizing the role of 
digital geographical information technology—we seek to move away from mere 
technology innovation and move towards process innovation.

19.1.2 � Context and Previous Work: PPGIS

Public participation in urban planning is a mature field that dates back to Arnstein’s 
(1969) ladder of participation. It has recently come to the forefront through a re-
newed desire of urban dwellers to influence their environment. Armed with con-
nected technologies, they form a formidable force that contests traditional place 
making methodologies and actors.

Augmenting citizen’s participation with geographical information technologies 
is equally mature and most commonly referred to as Public Participation GIS (PP-
GIS). Structural adoption in urban planning practices is, however, lacking. Despite 
a solid body PPGIS research and a recent increase in the available technical means 
through which citizens can partake, such as Web 2.0 technologies and mobile com-
puting, PPGIS still fails to make a meaningful dent in future urban plans (Brown 
and Kyttä 2014). The main critique of PPGIS is that it focusses primarily on the 
technological aspects and challenges (Craig et al. 2002) and less on the processes 
they aim to enhance. PPGIS’ focus on GI instruments results in a technology “push” 
that forces the decision process and the people involved in it to adapt to the instru-
ments. As a result, PPGIS are primarily used at the beginning of deliberation pro-
cess to collect information from citizens instead of enacting an on-going discussion.

Houghton et  al. (2014) state that “although the role of ICT in place making 
is emerging in the communication fields (Gordon and Manosevitch 2011), much 
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remains experimental, in that few occasions of computer simulations and communi-
ty involvement have led to real results in place.” Brown and Kyttä (2014) underline 
this by stating that “there have been few published studies wherein PPGIS data has 
been used as a means to engage stakeholders in an iterative process that provides 
for the review and refinement of the mapped results as part of the larger planning 
cycle.” They remain positive, however, stating that “the potential of PPGIS as a 
foundation for iterative public participation, rather than a singular by-product of a 
public participation process, appears large” and advise that future research should 
“explore the use of PPGIS throughout a complete planning cycle, from scoping to 
alternative development to decision to monitoring.”

Saad-Sulonen and Horelli (2010) argue that achieving successful public partici-
pation requires a broadening of scope and the inclusion of other, sometimes non-
technical, disciplines. They put forth the term ICT-mediated citizen participation in 
urban issues “as a neutral concept” that “is not tied to any particular field” that com-
prises the fields of governance, citizen activism, community development, urban 
planning, geography, information systems and interaction design. Viewed through 
this frame, it is clear that geographical thinking and technologies play a supportive, 
instead of leading, role in urban deliberation processes. Putting GI technologies 
in a broader context explains the slow rate of adoption as it becomes clear that GI 
technologies are a small part of a larger “ecology of tools” for participatory plan-
ning (Wallin et al. 2010).

19.1.3 � Research Goals

This research seeks to erect a transparent, traceable and inclusive dialogue between 
citizens and urban planners. To do so, it infuses the urban planning process with 
(1) high-quality digital online/offline geographical information services and instru-
ments, and geospatial analyses, and (2) organizational and process innovation that 
are inspired by the affordances of the networked society: openness, inclusiveness, 
traceability and intuitive access to information (Castells 2000).

As stated above, technology is not a panacea and needs to be considered in a 
broader context. We turn to geodesign as it puts information technologies and the 
various urban planning disciplines and stakeholders on an equal footing. We in-
vestigate how geo-information instruments can best be applied to operationalize 
the various geodesign phases and how they can facilitate information exchange 
between the involved stakeholders. We focus on the role and needs of citizens in 
each geodesign phase and ask how technology can best be applied to ease their 
interaction with the process and the involved stakeholders, and ask the following 
questions:

1.	 What geographical information do citizens need;
2.	 Whether they would understand and value the presented information;
3.	 Whether it improves their awareness of the situation and place-making context.
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These questions are addressed by non-experimental research (observational, case-
study and survey) in which citizens are invited to co-design a cycling bridge in a 
neighborhood in Utrecht, the Netherlands.

19.2 � Theoretical Framework

19.2.1 � Geodesign

This exploratory study is streamlined under the emerging concept of geodesign. 
Geodesign is an attempt to use analytical tools to inform and improve the design 
process interactively (Dias et al. 2013). Geodesign attempts to refocus the appli-
cation of Geographic Information Systems (GIS) and Planning Support Systems 
(PSS) into being more design oriented. We build primarily upon Steinitz’ (2012) 
geodesign framework where concrete steps to improve spatial planning design are 
formulated in the form of models that first aim to understand the context of the 
situation and then go on to describe an iterative design process. Each model is op-
erationalized by a number of questions:

1.	 Representation Models describe the study area by collecting and presenting rel-
evant geographical information about the problems at hand. Main question: how 
should the study area be described?

2.	 Process Models describe the relationships among the study areas’ functional 
(e.g. how often do citizens visit green areas) and structural elements (e.g. cur-
rent pollution levels caused by the current infrastructure) by asking how does the 
area operate?

3.	 Evaluation Models judge the area’s relationships based on cultural knowledge of 
the decision-making stakeholders and people of the place (e.g. acceptance levels 
of noise from the highway or windmill visibility, appreciation of green spaces). 
Leading question for this model: is the current study area working well?

4.	 Change Models describe and investigate how the area can be changed. The out-
come of Change Models is a set of scenario’s or design alternatives that describe 
different solutions to the challenges identified in the first steps.

5.	 Impact Models investigate the effects of the proposed changes by asking what 
difference the changes might cause. Impact Models reuse the Process Models to 
assess the changed conditions.

6.	 Decision Models evaluate and choose which of the scenarios (designed in step 4) 
to implement based on its effects on the environment and the stakeholder’s eval-
uation models (based on the cultural knowledge and context of the decision mak-
ers). Leading question is how should the study area be changed?

These models, and thus questions, are visited three times in consecutive order. In 
the first pass we try to understand the context within which we operate by answer-
ing why? questions. The result of the first pass is a description of the situation pre-
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sented as a common operational picture to the involved stakeholders. During the 
second pass, which goes from Decision Models back to the Representation Models 
we seek to answer how? questions as an investigation of viable mitigation strategies 
for the problems and challenges scoped in the first pass. The last pass goes through 
the models again starting at 1 and ending at 6 to actually carry out the geodesign 
study and reach a decision. The framework is implemented rarely in a linear fashion 
and it is common to jump questions, or reverse orders or carry out parts of it, but it 
helps understand what is needed to purposely change geography by design (Steinitz 
2012).

19.2.2 � Citizen Oriented Geodesign: An Information Flow  
in the Context of the Smart City

As stated previously in the introduction, we propose that the “Smart City” only 
exists when inhabited by “Smart Citizens” (Hemmet and Townsend 2013). These 
are citizens that willing and able contribute to the discussion and solutions regard-
ing their living space. They are, as primary users of their urban surroundings, best 
equipped to judge and opine about the meaning of livability and other spatial quality 
concepts (Kyttä et al. 2013).

As defined by Lee et al. (2014) geodesign is an iterative planning method by 
which an emerging design is influenced by knowledge derived from the involved 
stakeholders and geospatial technologies. Different from traditional planning pro-
cesses, where context-analysis, design, and evaluation are separated into explicit 
steps, geodesign integrates the exploration of ideas with direct evaluation. The 
design impact is assessed with geospatial technology (simulations, modeling and 
visualization) in an iterative manner. Intermediate results and designs are shared 
with the stakeholders whose input defines the direction and parameters for the next 
iteration. This iterative approach, backed by geographical information, is a solid ba-
sis for the sought dialogue as it allows stakeholders to follow and steer the process 
as it evolves. This promises a fitter, more context-sensitive design solution that is 
ultimately more acceptable by the process participants who cooperated in its matur-
ing. And when local citizens can part take in the planning process, acceptability is 
an imperative criterion.

We operationalize the geodesign phases described above by decomposing them 
into an information flow that feeds off citizen produced data where experiential 
information plays a center role. This information flow is schematized in Fig. 19.1

The following sections elaborate on how we propose specific questions or spe-
cific information products to be explored in the geodesign process in order to fully 
involve the citizen perspective in envisioning and defining a new living environ-
ment.
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�Representation and Process Models

The information flow starts with a representation of the area and how it currently 
operates. This is a collection of digital maps representing the features (e.g. street 
network, green spaces, elevation) and processes (e.g. noise levels, air pollution, 
traffic intensity). The map themes, resolution and extent depend on the specific 
issues of the smart city study at hand. This is the current situation and free from 
judgment or value.

�Evaluation Models

The evaluation model is represented by the citizens perspectives, the citizens ap-
ply judgment to the area on different functions, such as green/recreation, transport, 
safety (systems thinking) and process their evaluation into a map directly, indicating 
where it performs well (e.g. attractive green areas) or areas where it performs poorly 
(e.g. feel unsafe).

We propose additional analysis to uncover trends (e.g. heatmaps), relationships 
between the different stakeholders input data (conflict/consensus) and/or between 
stakeholder opinions and the physical characteristics of the area (paradoxes). The 
outcome of these analysis are maps that are based on the knowledge of the people 
of the place, their values and compared (if appropriate) against the physical charac-
teristics. We define this step as: create insightful case-based digital maps.

Fig. 19.1   Information flow illustrating the implementation of the geodesign concept to the par-
ticipative process
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In our information flow (Fig. 19.1), the purple crowd represents the people of the 
place, e.g. citizens, who have different expectations, perceptions and opinions about 
their living environment and its future. Different technologies can be used to collect 
and inventorize the body of knowledge that constitutes the variety of opinions and 
perceptions. Saad-Sulonen and Horelli (2010) defined the individual perceptions 
of things that citizens know from their experiences as experiential knowledge and 
it is comparable to the concept of “local ecological knowledge” in environmental 
planning (Davis and Wagner 2003; Berkes et al 2000). It is crucial to have an under-
standing of the collection or global trends.

We define this collection of different stakes as the Common Operational Pic-
ture (COP) and the access and sharing of the COP improves situational awareness 
(SA), the awareness and understanding of opinions different from one’s and the 
capacity to understand the relationships between ideas and the physical geographi-
cal aspects. To develop the COP it is important to query all actors involved, from 
the citizens to the local authorities (e.g. municipality). The questions necessary to 
explore at this setup stage of the “People oriented geodesign: smart city” are sum-
marized in Table 19.1.

From this information we are able to understand who are the intervenient in the 
smart city dialogue, and specially what are their roles (e.g. project manager, informa-
tion architect, mediator, [domain] expert), expectations, expertise and competencies. 
These can also be local citizens (mandated by a local organization or not), who are able 
and willing to take care of a part of the process. The roles and decision steps should be 
matched to concrete tools (and steps within the design and planning process).

After this collection, it is important to set up online and offline visualisation and 
information provisioning system(s) to be populated with gathered spatial informa-
tion (COP), that includes input from citizens and stakeholders, and also relevant 
base datasets derived from the stakeholders queries. These are additional map rep-
resentations of the physical characteristics that provide insight into constraints and 
opportunities (e.g. land-use maps, pollution levels).

�Change Models

At this moment there is insight into the case study, how it operates, how it is per-
ceived by its inhabitants and the actors involved. The next step is the start of the 

Table 19.1   Questions to explore when defining a common picture of the situation and setting up 
the citizen oriented geodesign smart city study
Citizens Local authorities
How do they perceive the space? What are the available resources?
How do they use the space? Who are the stakeholders?
What are their needs and priorities? What are the constraints and limitations?

How much room is there for participation?
What are the constraints, what is the context,
Who are the players?
What is at stake? ( define roles, expectations, expertise and competencies)
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collaborative and iterative process to determine possible alternative (smart) futures 
for the area. Information needs at this step may include:

1.	 Prioritize actions (areas of change) according to people’s needs, using the evalu-
ation models results from above;

2.	 Enable participants (including citizens) to propose changes in process systems 
(traffic, housing, etc), informed by legal and regulatory spatial constraints (e.g. 
master plan);

3.	 Synthesize or fuse one or more proposed changes into a collection of changes 
(proposed design or change model), this can include also proposals by profes-
sional designers or local authorities as they are also part of the participative 
process.

The change models are proposed by citizens who are motivated and skilled to pro-
pose the changes, by designers (professional planners or architects, usually hired by 
the local authorities) or by the local authorities.

Impact Models

An advantage of a digital workflow and using digital tools is the ability to import 
the proposed change models (landscape designs) directly to impact modelling pro-
cedures. Examples of impact models include noise estimations for a new road, air 
quality changes, or even aesthetics (the impact on horizon/landscape from placing 
a new windmill can be assessed using realistic 3D landscape models). In the citizen 
oriented geodesign, citizens are informed of impacts their ideas may have which 
develops awareness of consequences and therefore understanding and acceptability 
of the decision in the following step.

�Decision Models

In citizen oriented geodesign, we propose that the decision step revisits the evalu-
ations models (where the citizens evaluated where and how the area is functioning 
well or needs improvements), the change models and the impact models for a con-
structive dialogue. It is not expected that a decision is done in one iteration, so an 
important aspect in the people centered geodesign is that the different alternatives 
and discussions are logged (since subsequent meetings with more or different citi-
zens may occur) therefore a consistent versioning system should be established that 
records, among others, the proposed design alternatives and the discussions around 
them. In this way, the process, discussion and rationale leading to any decision is 
available and transparent.
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19.3 � From Theory to Practice: Implementing and Testing 
the Information Flow

19.3.1 � Case Study: Information Provision

The information flow and the information exchange strategies outlined above were 
implemented in a landscape intervention project in the Dutch neighborhood Lu-
netten near Utrecht, the Netherlands, in which citizens are invited to decide on the 
type and location of a cycling connection. The current connection is up for refur-
bishment due to upcoming widening of the highway it traverses. The governmental 
authority responsible for the widening and refurbishing of the bridge is seeking 
consultation and discussion with the public living in the adjacent neighborhood 
Lunetten. Citizens were invited to evaluate the current connection and voice their 
opinions on the location and type of the new connection and how it can be improved 
in terms of facilities i.e. wind shields, lightning, decoration, width, presence of a 
green lane, or others.

19.3.2 � Information Exchange—Consultation Evening

The consultation process was designed in collaboration with the national authority 
responsible for the construction works (Rijkswaterstaat in dutch) and representa-
tives of the citizens in what turned out to be a conflation of the four geodesign 
groups: people of the place (citizens), designers (local authority) and ourselves as 
information technologies and geographical sciences. The information exchange 
process aimed to inform citizens about the developments in order to raise their situ-
ational awareness, solicit input from citizens, craft the initial common operational 
picture and set first steps towards iterative co-design process. The participative pro-
cess consisted of three phases:

a.	 Online citizen consultation for profiling the citizens, asking them to rate the cur-
rent connection (evaluation model), voice their opinion on the locations of the 
new connection (impact models), voice their opinion about the type of future 
connection: tunnel or bridge (change models), voice their opinion about the 
facilities they desire to see and indicate their digital and geographical literacy. 
The information gathered through this pre-evening questionnaire was used to set 
the context of the information exchange.

b.	 Information evening in two parts: a short plenary introduction in which the local 
authority would update the citizens on the progress of the road widening, and 
group discussion sessions during which people have the opportunity to consume 
information about the area (representation and process models) and the new situ-
ation (change model) through different interactive maps and, combined with a 
display of the information from the online questionnaire, discuss the situation 
with their fellow citizens. Around 80 citizens visited the information evening 
(Fig. 19.3).
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c.	 A post-event evaluation aimed at measuring citizens’ appreciation of the pre-
sented information and the chosen setup.

In designing the information evening, a preliminary and informal inquiry of the 
citizens’ situational awareness and the information they had access revealed it to be 
limited. It was therefore decided to prepare basic geographical information about 
the new situation and the area surrounding the bridge. The maps presented to the 
participants included, among others:

•	 A height and relief map (Fig. 19.2a), aimed at increasing participants’ under-
standing of the terrain;

•	 Two situation maps depicting the highway extensions: one with detailed exten-
sion plan (all lanes and adaptations) and a simplified version that shows only the 
extremes of the extended road Fig. 19.2b);

•	 Air and noise pollution maps to inform citizens about the current values of air 
and noise pollution (Fig. 19.2c);

•	 Perception maps that indicate the preferences of fellow citizens collected through 
a PPGIS spatial questionnaire (Fig. 19.2d).

The information provision was facilitated by geographical information (GI) ex-
perts during the second part of the information evening (Fig. 19.3a, 19.3c). Each 
GI expert was equipped with a laptop and a basic GIS to display the information 
listed above. Participants were invited to split in smaller groups and consume the 

Fig. 19.3   Impression of the information evening. a and c Group discussion with participants 
where mediators enabled citizens to explore geographical information. b Citizen exploring a cur-
rent noise pollution map using a natural user interface device

 

Fig. 19.2   A selection of maps explored by the participants during the information evening: a 
shows the relief of the area, b denotes the extent of the highway widening ( red) and the locations 
of individual lanes ( orange), c current air pollution map, and d heatmap with evaluation of current 
green spaces by citizens
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information, suggest additions (deliver input) and discuss the current and future 
situation, including possible bridge placement options, with fellow citizens. In addi-
tion to consuming information, citizens also had the option to request simple spatial 
analyses such as distances, area and height calculations and add their own ideas to 
the map.

The experts were instructed to start the discussion by showing a map of the con-
text (the planned widening of the highway), assuming that with a better understand-
ing of the future situation, the citizens are better equipped to discuss the options for 
the accompanying cycle bridge. Since we are interested in supporting the decision 
process with geographical information and tools instead of adapting the process to 
their presence we instructed the experts to show only information that supports the 
ongoing discussion.

It is important to note that no concrete plans were presented about actual de-
signs. We decided to abstain from showing these in order to give citizens the space 
to brainstorm and talk about the more general topics such as location and desired 
facilities instead of design-specifics such as colors and visual representations.

19.4 � Results and Discussion

Information about people’s perception and valuation of the evening was collected 
through participative observation of each citizen group as it discussed the situa-
tion and through informal conversations with participants after the group sessions, 
semi-structured interviews of the GI experts (mediators) and through a post-evening 
questionnaire Table 19.2)

It is important to note that the post-evening questionnaire was answered by a 
sample of the people who were present during the evening (the total population 
of participants was around 80 and the sample who completed the questionnaire of 
11). Results from the questionnaire should be observed with care due to the small 
sample size and likelihood of self-selection issues. Respondents who fell discontent 
with the evening might be reluctant to contribute further (and fill in the question-
naire), and the collected answers may suffer from positive bias. Nevertheless, these 
results can be considered as anecdotal support of the chosen mode of inquiry and a 
reason to continue future research in this direction.

In general, the questionnaire results support other observations (from participant 
observation and interviews) and the combination of results yielded the following 
observations:

Interactive Maps are Valuable  When asked about the interactive maps, participants 
state that they appreciate them as they give them a better view of the case study’s 
physical environment. In particular, the height map seems to contribute consid-
erable towards this end. Respondents furthermore find the maps a valuable addi-
tion to the discussion and the decision making process as a whole. The presented 
maps are deemed easy to understand and contribute positively to spatially oriented 
discussions.
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Situational Awareness Improved  Although participants indicate that they feel 
an improvement in situational awareness (stated preference) we did not measure 
whether this is really the case (revealed behavior). Nonetheless, we believe that 
increased citizen satisfaction in the process is a positive achievement.

Valuable Group Discussion Supported by Geo-Info  When asked to value the group 
discussions, participants rated them moderately high as they gave them ample 
opportunity to gain insights in other people’s ideas and convictions about the situa-
tion. Citizens report, however, that their understanding of other people’s reasoning 
has not improved and indicated that they found it difficult to judge whether fellow 
citizens understand them better.

Other Observations  On the topic of access to information respondents indicate that 
they wish to look into all the information that was presented and generated in the 
decision process thus far: results of initial questionnaire, results of plenary session, 
geographical information, perception maps of fellow citizens, results of discussion 
sessions. One citizen thought it outrageous that geographical information about 
the highway expansion is presented this late in the decision making process. The 
people who filled-in the questionnaire indicate that they would like to consume this 
information in a digital manner through electronic documents and interactive web 
maps. Some also indicated they want to use a high-quality website through which 
to access the data. These results should be treated with extreme care, however, as 
people who may prefer paper documents may have not have the opportunity to fill 
in the digital questionnaire (the self-selection issue reported above).

In addition to answering the closed questions, respondents were generous in an-
swering open questions. A selection of the relevant remarks is summarized below:

a.	 Citizens indicate that, although they enjoyed and valued the evening, they are 
skeptical of the effectiveness of the deployed process in case the issue under con-
sideration is controversial or based on a conflict. They furthermore indicate that 
professional mediation is of paramount importance in making these evenings 
meaningful.

b.	 Some show little faith in the structureless approach practiced by the citizen 
group that interacts with the local authority and indicate that they should start 
over, arrange for a problem owner and a project group that controls a budget and 
has clear tasks, obligations and privileges.

c.	 In addition to geographical information, people want access to financial informa-
tion and a rough financial picture. They indicate that a lack of budget constraints 
renders the deliberation process meaningless as it implies “anything is possible” 
while in reality that is seldom the case.

d.	 While some citizens showed great agility and readiness to participate and voice 
their opinions, others indicated that they need more guidance and content/mate-
rial to work with. Some called for mediators to lead these discussion while others 
requested ready-made designs by experts as they are unable to come up with own 
solutions to the stated problems.
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19.5 � Conclusions and Further Work

This chapter presents an information flow aimed at improving the communication 
between citizens actively seeking opportunities to participate in urban place making 
processes and policy makers leading and implementing changes to the urban envi-
ronment. These interactions are placed in the context of geodesign. The introduced 
tools and methodologies were evaluated through observations, questionnaires and 
interviews. The main findings indicate that citizens appreciate an increase in in-
formation exchange by way of access to geographical information and interactive 
maps.

Based on the performed experiments, conducted questionnaires and on-the-
ground inquiries with citizens and stakeholders we observed that geographical 
information presented on interactive maps is a valuable communication channel 
between stakeholders. The citizens of Lunetten were eager to participate in the 
decision making process and actively seek insight into its progress by attending 
information evenings, requesting information and proactively participating in dis-
cussions. They should therefore be treated as capable and able stakeholders; while 
they may lack expert knowledge, they have valuable contextual and experiential 
information that may benefit smarter urban plans.

Ultimately, the success of citizen participation efforts depend on the willingness 
of urban planners to act on the input. Despite an increased interest from citizens 
to participate and recent advancements in geographical information technologies, 
barriers to adopting geographical information instruments and input received from 
the citizens still exist. We observe that there exist copious amounts of platforms 
that collect data from citizens. Data, however, does not equal information. Despite 
advancements in recent geographical information dissemination and visualization 
technologies, managing and analysing geographical information remains a special-
ist task. Currently, local authorities seeking input from citizens lack specialists who 
are able to translate the collected data into actionable information. Urban planners 
are unable to use the collected data which in turn results in a deliberation process 
that is void of citizen input.

Future research should therefore investigate how to enable the permanent pres-
ence of a dedicated information specialist in the citizen participation process who, 
in addition to preparing each discourse session are also tasked with managing the 
information flow after and in-between sessions.

This chapter discusses the new civic reality created by the networked society and 
proposes to integrate it with geodesign and decades old urban planning practices. 
Still there are limits and challenges to citizen participation. A major limit relates to 
the typology of problems. Citizens should participate in issues concerning visible 
or direct livability (e.g. contributing to aesthetic discussion, functions and amenities 
provision and traffic solutions as car free days or cycle network) but their participa-
tion in expert optimization issues will be limited (such as sewage systems or waste 
disposal optimization) and should not be expected.
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20.1 � Introduction

Geodesign is gaining visibility as a valuable way to assist communities with com-
plex land-based planning and design issues to bring creative change to a place. 
Given the emphasis on the use of geospatial technology in the geodesign process, 
one might think that technology is the key factor in the success of geodesign. While 
technological advancements are undoubtedly important, the thoughtful involve-
ment of people is of equal importance, as evidenced in this current definition:

Geodesign is an iterative design method that uses stakeholder input, geospatial modeling, 
impact simulations, and real-time feedback to facilitate holistic designs and smart deci-
sions. (McElvaney 2013)

Harvard professor Carl Steinitz states that geodesign must be decision-driven, 
not data-driven, which places people in a key position in the geodesign process. 
Since less has been documented about the human component of geodesign, and Dr. 
Steinitz recently called for more research on this topic (2012), this chapter seeks to 
deepen the understanding of human behavior within the context of geodesign and 
community change. Dr. Steinitz uses “people-of-the-place” as the term for a com-
munity’s stakeholders in his book on geodesign (2012). This chapter further defines 
the various groups of people who need to be involved, as well as their roles in the 
geodesign effort.

A major innovation presented in this chapter is how the geodesign process, in 
particular when utilized in community planning and design, can be informed by 
the insights and expertise of a related profession whose focus is assisting people 
with change initiatives. The field of organization development and change (OD&C) 
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provides a body of knowledge and practices, and an understanding of working with 
people that can be incorporated into the geodesign effort. It is both a broad and deep 
profession; therefore only the most salient issues related to enhancing stakeholder 
engagement, including why people resist change, and how to increase participation 
and build support for new ideas, are discussed.

Although some professionals involved in geodesign have significant training and 
experience in stakeholder engagement (e.g., landscape architects, planners), many 
others may have little formal training or experience in how to help a community 
go through a change effort (e.g., geographic scientists, information technologists).
Furthermore, even those with training may not realize the intricacies of why people 
embrace or resist change. Therefore the guidance outlined here should be valuable 
to both categories of professionals, whether they are new to the field or are seasoned 
professionals.

20.2 � Methodology

Two bodies of knowledge provided the foundation for the content of this study: 
(a) geodesign and participatory planning, and (b) organization development and 
change.

The first step in this study involved a qualitative comparison between the pro-
cesses used by these fields for engagement with their population or audience, which 
was conducted over a series of meetings between the authors. Although the engage-
ment processes necessarily address different contexts and audiences, the authors 
discovered a remarkable similarity in overall objectives and desired outcomes, 
which suggested that the expertise of the OD&C field could provide valuable in-
sights for use in the geodesign process.

The second step involved soliciting feedback from seven respected geodesign 
pioneers who are actively using the geodesign process in professional practice. Six1 
of the pioneers responded to this short survey:

1.	 What are the top three typical challenges you’ve encountered when engaging the 
community (local or key stakeholders) during the geodesign process?

2.	 Please provide a couple of examples where the engagement with the community 
(local or key stakeholders) went well, and why.

Insights from the OD&C field were then applied to the geodesign challenges to 
develop suggested approaches that can help professionals attain better community 
engagement outcomes, including higher levels of participation, more willingness to 
change, and higher levels of adoption of both the geodesign process itself, and the 
recommendations it produces.

1  Geodesign pioneer survey respondents: Gustavo Arciniegas (MAPSUP), Jaap de Kroes (MAP-
SUP), Michael Flaxman (Geodesign Technologies, Inc.), Carl Steinitz (Harvard University), Doug 
Walker (Placeways, LLC), Paul Zwick (University of Florida).
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20.2.1 � Defining the People and Groups Involved in the 
Geodesign Process

Steinitz (2012, p. 4) considers four groups of people to be essential for effective col-
laboration throughout the geodesign process: (a) the people-of-the-place, (b) design 
professionals, (c) geographic scientists, and (d) information technologists. Together 
these groups comprise the “geodesign team.”

The authors recognize that people from these groups may play different roles 
in the geodesign effort, depending on their expertise and whether or not they are 
members of the community. To capture the distinct differences between consul-
tant and client, for example, and to elaborate on the different roles held by the 
people-of-the-place, the authors have defined four groups for this discussion: (a) the 
external consulting team, (b) the client, (c) the guiding coalition, and (d) the com-
munity stakeholders. The last three clarify Steinitz’s “people-of-the-place” compo-
nent, which is not a singular entity.

The external consulting team is comprised of three of Steinitz’s groups, design 
professions, geographic sciences, and information technology professionals, who 
have been hired or invited to work with the community. Their backgrounds might 
include planning, architecture, landscape architecture, geospatial sciences, engi-
neering, hydrology, and any number of scientific fields. The specific professional 
composition of the team will depend on the challenges the community is facing.

The client is comprised of those who have summoned or hired the external con-
sulting team, such as municipalities, planning agencies, developers or private land-
owners. The client may include professionals with sufficient domain expertise to 
evaluate the work done by the external consulting team.

The guiding coalition is comprised of leaders that, ideally, represent all of the 
potentially affected factions and interests in the geodesign study area (Orton Family 
Foundation [OFF] 2011). Many of these leaders will be local residents of the com-
munity, however some may have a stake in the outcome but not reside there, such as 
leaders from regulatory or other special interest groups. Additionally, leaders from 
the client group are typically part of the guiding coalition (see Fig. 20.1).

The community stakeholders group includes all area residents, and others who 
may not live in the area but who have an interest in the change initiative, such as 

Fig. 20.1   Three interrelated 
groups comprise the people-
of-the place, which is the first 
of the four Steinitz groups 
referenced in Sect. 20.2.1, 
first paragraph
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people from regional government agencies, non-profits, and developers. The client 
and the guiding coalition are also part of this larger group (see Fig. 20.1).

20.3 � Findings

Geodesign pioneers reported that utilizing the geodesign process and its associ-
ated geospatial technologies can increase participant understanding of the issues, 
reduce conflict, enhance change visualization, expand awareness of options and 
change impacts, and shorten the time required for decision-making. However, these 
experienced design and planning professionals still reported having a number of 
stakeholder engagement challenges, many of which are common in conventional 
planning processes.

The authors consolidated feedback from the geodesign pioneers survey, re-
viewed community participation literature, and reflected on their own professional 
experiences to identity four common challenges associated with the human compo-
nent of geodesign.

20.3.1 � Challenges Associated with the Human Component of 
Geodesign

The first challenge is to secure adequate stakeholder representation in the geode-
sign process. If a geodesign project is meant to involve the community, questions 
of community standing and who will have a voice are key. This challenge entails 
securing effective interactions with appropriate representatives of the community. 
Who is considered “appropriate” varies depending on the project type, the issues 
and concerns central to the geodesign study, and how polarized the community is at 
the onset. When key leaders or subgroups do not participate or are not adequately 
represented in the geodesign process, complications can arise, particularly in the 
form of resistance to findings and recommended changes.

The second challenge is in building stakeholder confidence in the geodesign pro-
cess itself. Due to the complexity of community development, it is often a negoti-
ated and complicated process. Adding geospatial technology to the mix is typically 
new to community members. If the geodesign process is perceived as too complex, 
many people in the community may not understand it. As a result, stakeholders 
may not trust the process or its findings. Additionally, stakeholders may distrust 
the external consultants facilitating the process, since they are often “outsiders.” 
They may also distrust the process due to real or perceived disparities in the power 
structure within the community. These power disparities may be related to who 
is informed about the process and who is invited to be involved in the geodesign 
effort. There can also be issues related to how well the process considers the align-
ment of resources and community expectations.
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The third challenge is rooted in the difficulties associated with recognizing and 
integrating community values into the geodesign process. While there is a gen-
eral understanding that design solutions should align with community values (OFF 
2011), the need to capture this subjective information and turn it into indicators that 
can be used in geodesign analyses is a current challenge for geodesign.

And the fourth challenge relates to project duration and participant time commit-
ments. Due to the complexity of community change efforts, an appropriate amount 
of time is needed at the onset and then for each step in the process. Compressing the 
process can be problematic given the cognitive and practical limits on how much 
people can be asked to assimilate at each meeting. There are also challenges related 
to individuals’ schedules. The overarching challenge is keeping participants stimu-
lated and willing to be engaged for the project’s duration.

The remainder of this chapter provides guidance to help professionals better un-
derstand why some of these challenges happen, how to address them, and more 
importantly, how to avoid them in the first place.

20.4 � Discussion

Organizational change professionals recognize that to enhance stakeholder engage-
ment one has to know a great deal about the stakeholders: who they are, what they 
care about, what motivates them to act, and how change actually happens, both in 
general and within specific communities.

This guidance is for professionals who intend to utilize the geodesign process 
for planning and design efforts at various scales. Stakeholder engagement can be 
difficult if these efforts are in one’s own town or region, and coming in from the 
“outside” invites a whole additional set of challenges.

20.4.1 � Change Agents and the Adoption of Innovations

When professionals from a variety of specialties form a geodesign team to assist 
a community, many will be external consultants. These professionals will be in 
the role of “change agents,” which in the world of innovation diffusion research 
(Rogers 1995) means they are external to the system they are seeking to influence 
regarding an innovation-decision. Diffusion researcher Everett Rogers (1995) de-
fines an innovation as, “an idea, practice, or object that is perceived as new by an 
individual or other unit of adoption” (p. 11).

In a geodesign effort, community stakeholders are being asked to adopt the 
geodesign process as a means to examine and potentially change aspects of their 
place. Two of the challenges revealed in the geodesign pioneers survey are associ-
ated with introducing the geodesign process and winning the trust of the people. 
The geodesign process will often be new to community stakeholders, and they will 
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have to decide whether or not to go along with it. During the geodesign process new 
design ideas for the community will emerge, and these potential innovations will 
have to be adopted or rejected by the community. Together this amounts to a great 
number of innovation-decisions to be made by a community and its leaders.

As both researchers and professionals can attest, whenever an innovation is in-
troduced to a social system, some percentage of the population resists acceptance 
(Rogers 1995). Adopting new innovations—such as inviting new ways of thinking 
and living that require changes to the world as it is—can be very hard for people. 
Sometimes just the idea of change potentially happening is enough to upset seg-
ments of the population who then respond by refusing to engage in the geodesign 
process. It is critical to have an understanding of why people can have a difficult 
time with change.

20.4.2 � Seven Core Principles of Human Change

To assist geodesign professionals in understanding the seemingly mysterious be-
havior of humans in the face of change, the authors have developed seven core 
principles of human change (Table 20.1).

Principle #1: Most people resist change if they don’t believe it is necessary or worth 
upsetting the status quo. Throughout history, humans have strived to build or-
ganizations and communities that function effectively over time (Trompenaars 
and Hampden-Turner 1998). This entails bringing people together to decide on 
structures and processes that enable them to achieve certain desired outcomes. 
Whether the desired outcome is to build a successful company or a thriving com-
munity, people put a lot of time and effort into creating processes and systems 
that function with a certain level of stability and predictability. Most people 
don’t like change that upsets existing processes and relationships that, as far as 
they know, are still working (Dannemiller Tyson Associates [DTA] 2011; Kotter 
1996).

Principle #2: Since change is inevitable, the most successful human systems are 
those built to adapt to change. In contrast to our desire for stability in our hu-
man endeavors, science and experience tells us that change is actually the truest 
element of our existence. Every aspect of our world is evolving to some degree 
at every moment (Diamond 2005). Historically, environmental disasters, deple-
tion of resources, migration of people into new areas, and other external forc-
es brought about change in communities. People either adapted or they didn’t 
survive (Banathy 1996; Diamond 2005).

Principle #3: Most cultures do not change easily, especially those that have been 
in place for a long time. Groups that adapted to change typically gathered their 
knowledge and ‘lessons learned’ and passed that on to others. The accumulation 
of these solutions and lessons learned eventually constituted a culture for the 
people in that group, be it a tribe, a region, or a nation. Culture develops as a 
means of solving problems and reconciling dilemmas within a particular human 
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group (Trompenaars and Hampden-Turner 1998). Culture provides solutions to 
the limitless number of problems that people face every day, so culture creates 
a level of stability and predictability that allows members of that culture to sur-
vive, and hopefully thrive, in the face of inevitable change. As a result, most 
cultures do not change easily.

Principle #4: Since change potentially threatens the stability of the whole system, 
change is often perceived of as dangerous. Another primary principle of human 
reaction to change comes from the field of systems theory. It is recognized that 
one aspect of a system can’t be changed, for example, without it having some ef-
fect on the rest of the system (Banathy 1996; Nadler 1998). Change in one part of 
a community could be viewed as dangerous to the stability of the whole commu-
nity. Typically this perception is deeply embedded in the culture of a community 
or organization, and can run counter to stated goals. For example, some groups 
that encourage innovation can simultaneously be highly-risk averse (McElvaney 
2006). In reality, change often does threaten the interests of some members of a 
social system, so resistance from those members is to be expected.

Principle #5: Potential changes can be perceived as a threat to a person’s sense 
of self. Another reason for resistance to change is that people tend to become 
attached to ideas or places that have personal value (OFF 2011). If a person as-
sociates his or her identity with a particular idea or place, and potential changes 
appear to threaten that idea or place, the person may feel personally threatened 
and may exhibit strong resistance to the changes.

Principle #6: People tend to resist change when they don’t understand the pro-
cess used to reach the conclusions and proposed changes. Decisions that are 
seemingly made in a mysterious fashion are resisted because people affected by 
the changes typically want to decide for themselves whether the processes and 
conclusions seem to be legitimate, in light of their own concerns, values, and 
rationale (Nadler 1998).

Principle #7: People resist change that is imposed upon them but will support 
change they have helped to design, or that they believe sufficiently takes their 

Table 20.1   Seven core principles of human change
#1 Most people resist change if they don’t believe it is necessary or worth upsetting 

the status quo
#2 Since change is inevitable, the most successful human systems are those built to 

adapt to change
#3 Most cultures do not change easily, especially those that have been in place for a 

long time
#4 Since change potentially threatens the stability of the whole system, change is 

often perceived of as dangerous
#5 Potential changes can be perceived as a threat to a person’s sense of self
#6 People tend to resist change when they don’t understand the process used to reach 

the conclusions and proposed changes
#7 People resist change that is imposed upon them but will support change they 

have helped to design, or that they believe sufficiently takes their needs into 
consideration
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needs into consideration (DTA 2000). This is particularly true in Western 
cultures where people expect to have more control over decisions that impact 
them (Trompenaars and Hampden-Turner 1998).

20.4.3 � Overcoming Stakeholder Resistance to Community 
Change

Given the variety of reasons why people resist change, how can professionals en-
gaged in geodesign create the conditions for successful community change? Many 
in community planning and design have provided approaches to address this (e.g., 
Sanoff 2000; OFF 2012) however, in their book Whole-Scale Change, Dannemiller 
Tyson Associates (2000) provide a model that delves deeper into human behavior 
to outline “the conditions necessary to get a real paradigm shift” (p. 16) in an indi-
vidual, organization, or as applied here, in a community. They refer to it as the DVF 
Model: D × V × F > R (Dissatisfaction × Vision × First Steps > Resistance).

Dissatisfaction:  The first step in lasting change is to ensure that people understand 
why change is needed, and become dissatisfied with the current situation. What are 
the problems? What are the key drivers for change? Why is it urgent to take action 
now and not later? For example, in the assessment phase of the geodesign process, 
trend data illuminates what the status quo will look like in the future. If traffic con-
gestion has been identified as a problem, projected population increases will only 
exacerbate that problem. Showing that in ten years, travel time will double, may 
increase willingness to consider alternative futures.

Helping stakeholders reach a certain level of dissatisfaction with the status quo 
means that they understand clearly why certain things need to change. Creating a 
high enough level of dissatisfaction with the current state is essential to moving to a 
future state, because the dissatisfaction helps overcome human resistance to upset-
ting the existing system (Kotter 1996).

Vision:  The second step in lasting change is for community members to develop 
and share a common desired vision of what the community can become in the 
future. If the status quo is no longer acceptable and change is needed, what would 
the ideal future state look like? The focus here is on addressing stakeholder dis-
satisfaction by creating an aspirational vision and goals that when met, will reduce 
the community’s problems and create a better quality of life (McElvaney 2012). 
Imagining how much better their community could be helps energize stakeholder 
action and builds the positive momentum necessary for change to progress (Kotter 
1996; Nadler 1998).

First steps:  Next, the community needs to agree on “significant, system-wide first 
steps… to take to begin to move toward the vision” (DTA 2000, p. 17). This might 
entail deciding which project(s) should be funded first, for example, within a larger 
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planning effort. This sends a clear signal to all stakeholders that concrete actions 
have been identified which demonstrate clear progress towards the vision.

Resistance:  And finally, “if any of the first 3 elements is zero, the drive for change 
cannot overcome the natural forces of resistance” (DTA 2000, p.  17) that exist 
within any individual, organization, or community.

This DVF Model is an effective tool to use when planning for and engaging in 
the geodesign process. If resistance to change is anticipated or becomes evident dur-
ing the process, external consultants can work with their clients to analyze which 
areas (Dissatisfaction, Vision, or First steps) need to be strengthened to reduce it.

20.4.4 � Communication and Innovation Complexity

One of the keys to being a successful change consultant lies in the ability to use a 
defined process (like Steinitz’s (2012) geodesign framework) to engage stakehold-
ers in examining existing conditions and imagining ways to improve those condi-
tions. As discussed above, if the external consultant/change agents are not members 
of the community, and are significantly different from members of the community, 
they can have difficulty effectively communicating the value of an innovation to 
the community stakeholders (Rogers 1995). Consultants typically have specialized 
knowledge and vocabularies that can confuse and potentially alienate community 
members; therefore consultants should carefully select language to increase under-
standing (Kotter 1996), but never “dumb down” their message. Sincere respect for 
others is very important and if consultants don’t truly feel it, it shows. Unintention-
ally alienating the client, community leaders, or stakeholders can result in resistance 
to the geodesign effort and its recommendations.

Consultants can also find their own patience tested at times, especially if they 
can’t seem to make themselves understood. Developing the capacity to listen and to 
understand—as well as to be an effective speaker—is essential for change profes-
sionals (Kotter 1996) leading geodesign sessions and working on geodesign teams.

As discussed in the second challenge outlined by the geodesign pioneers, if com-
munity members find the geodesign process and associated geospatial technologies 
to be too complex, it will likely reduce the speed at which they adopt and support 
the innovation (Rogers 1995). Given this, and the fact that people tend to resist 
change when they don’t understand the method used to reach conclusions, it is es-
sential that professionals working with the geodesign process slow down if neces-
sary, and emphasize transparency as much as possible (McElvaney 2012).

Steinitz (2012) encourages transparency early in the geodesign process by re-
quiring clarification of how decisions will be made, by whom, and on what basis. 
Consultants should also plan to review the geodesign process with participants at 
multiple points, identifying where the group is, and where they are going (Nadler 
1998). This will reduce participant overload and help them recognize that progress 
is being made, even if the process is very complex and takes longer than expected.
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20.4.5 � The Role of Community Leaders in Stakeholder 
Engagement and Communicating the Case for Change

Power and politics, and the influence of special interests, often play a significant 
role in community change efforts. For a variety of reasons, consultants can find 
themselves the victims of political dynamics within the community. They may be 
labeled as “outsiders” who do not understand the community, or have their own 
agenda, and are not to be trusted. An unfortunate potential consequence of this can 
be rejection of the geodesign process and its findings. The fact that external consul-
tants actually are outsiders means that they have to respectfully acknowledge that 
fact, and then take action to reduce that as a barrier.

One important strategy change consultants employ is to identify, reach out to, 
and begin building relationships with influential community leaders as quickly as 
possible (OFF 2012). Strong relationships with community leaders can start to shift 
the perception of consultants from being “outsiders,” to highly trusted “partner-
advisors” (Kotter 1996; Nadler 1998). Community leaders are typically responsible 
for making decisions that affect their followers and the communities they live in. 
Change consultants understand that one of the most effective means of overcoming 
community resistance to change is to engage influential community leaders to lead 
(or co-lead) and strongly endorse the change effort. The authors have named this 
group of influential leaders the Guiding Coalition (see Fig. 20.1).

Experienced consultants understand the need to meet with the client group early 
in the process to learn as much as they can about the issues that are prompting the 
community’s need for change, which stakeholder groups could be affected by any 
proposed changes, and who the influential leaders are. This is typically part of the 
early stage of needs assessment and requirements gathering.

During these initial meetings, consultants must emphasize the importance of 
identifying and reaching out to all affected stakeholders in the geodesign process, 
even if the client would prefer to keep some groups out, or if some groups have 
previously been disinterested in participating in community planning efforts. Recall 
that the first common challenge reported by geodesign pioneers is the need to secure 
adequate stakeholder representation in the geodesign process. Not only is represen-
tation critical to discovering local knowledge needed to create useful and desirable 
design solutions, but human change principles indicate that people are more likely 
to support change solutions they have helped to design. It needs to be clear to lead-
ers that by excluding certain stakeholder groups from the geodesign process, they 
put the entire community change effort at serious risk.

While there are now web-based citizen engagement applications available, it 
is typically not possible to engage every individual citizen throughout the entire 
geodesign effort. Therefore it is imperative to find representative leaders from all 
affected stakeholder groups to participate on their groups’ behalf. Which leaders 
should comprise this guiding coalition to secure true representation and community 
buy-in will best be determined by discussions with the client and with the initial 
leaders involved in the geodesign effort.
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Early meetings with the client are also critical for identifying “opinion leaders,” 
people who may not hold positions of formal leadership in the community, but who 
nevertheless are powerful influencers amongst stakeholders. An opinion leader is 
“at the center of interpersonal communication networks … which … allow him or 
her to serve as a social model whose innovative behavior is imitated by many other 
members of the system” (Rogers 1995, p.  27). Some communities have leaders 
whose opinions are sought on any and all matters, and they need to be identified and 
engaged early on. Opinion leaders can also be specific to certain sub-cultures and 
geographic areas within a community, or they can be subject-specific. Consultants 
who can engage all relevant opinion leaders in the geodesign effort and win their 
support can anticipate increased stakeholder engagement and increased support for 
design solutions emerging from the geodesign process.

Identifying stakeholder groups, formal leaders, opinion leaders, and key com-
munication networks; understanding history, power and political dynamics; and 
uncovering cultural values, norms and preferences are all critical information for 
working with the human component of geodesign. Gathering all of this can take a 
great deal of time and effort upfront. Some of the geodesign pioneers reported en-
listing the services of local community engagement professionals in their geodesign 
efforts, partly to reduce their own preparation time and partly because the locals are 
“insiders” who know a lot about how things really work in their communities. No 
matter how these key pieces are obtained, external consultants will need all of this 
information to better understand the communities they are working with, and to 
develop positive relationships with leaders. It is through positive relationships with 
influential leaders (both formal and informal) that external consultants have their 
best means of communicating the value of the geodesign process to community 
stakeholders, and increasing levels of stakeholder engagement.

20.4.6 � The Significance of Culture

To most effectively collaborate with the people-of-the-place, the geodesign team 
will need to learn more about the culture(s) of the people who reside there. Culture 
defines how people see and interpret their world. It shapes and reflects their values, 
assumptions, thoughts, perceptions, feelings, behavioral norms, and external cre-
ations (including their technologies). According to Edward Hall in Beyond Culture 
(1981),

Culture is man’s medium; there is not one aspect of human life that is not touched and 
altered by culture. This means personality, how people express themselves, the way they 
think, how they move, how problems are solved, how their cities are planned and laid out, 
how transportation systems function and are organized, as well as how economic and gov-
ernment systems are put together and function. (p. 16)

Among many important factors, culture defines how decisions should be made and 
how change should happen. For example, in many cultures, the democratic concept 
of inviting the public to give input and vote on different geodesign options would be 
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inappropriate. Members of these cultures would say, “That’s the leaders’ job.” De-
ciding what is best for their people is part of the leadership role in certain cultures, 
and people trust their leaders to make the best choices.

The geodesign team can reconcile this dilemma by first building the guiding 
coalition of representative leaders who will participate throughout the entire geode-
sign process to arrive at a recommended community plan. Then the ideas identified 
via the geodesign process can either be shared with citizens for their approval or 
not, depending on the role of leaders, and norms for participation and decision-
making within the culture. Geodesign will not succeed as a global practice if it is 
approached as a “one size fits all” process. It must be adapted on a case-by-case 
basis that takes cultural differences into consideration.

20.4.7 � Early Identification of a Shared Community Identity and 
Core Values

Organizational change professionals have guided organizations through exercises 
to identify mission, vision, and values for decades. The intention behind these ex-
ercises is to examine an organization’s current strategy and operations (mission), 
compare that to a desired future state (vision), and then determine how to change 
the organization from the current to the future state (new strategy and operations). 
This approach is very much aligned with typical community planning processes, 
and specifically, Steinitz’s (2012) geodesign framework.

Values are concepts that help to capture what is “good” or “bad” in the subjec-
tive view of stakeholders; something which an individual or group considers desir-
able (Trompenaars and Hampden-Turner 1998). Core values describe the qualities 
of experience that most stakeholders believe people interacting within a commu-
nity should have in that environment. Values capture both current conditions—what 
stakeholders say is best about living in a particular community—and help identify 
what qualities or experiences they feel should exist. Once a value is well defined, 
it becomes “a criterion to determine a choice from existing alternatives” (p. 22). In 
the community planning and design field, the criteria are often referred to as “objec-
tives,” however sometimes these are not rooted in community values. Identifying ob-
jectives at the onset of a planning process is considered good practice (Sanoff 2000).

One reason for defining core values early in the assessment phase of geodesign 
is so they can be utilized as an important source of input to the design process. Cur-
rently some design firms do not engage with stakeholders until late in the design 
process (e.g., at 85 % completion) when designs are nearly complete. There are also 
design professionals who don’t want to involve citizens because they feel those 
community members lack expertise and/or will slow down the process (Sanoff 
2000). Designers should be aware that design ideas that are compatible with deeply 
held community values, beliefs, and past experiences are more likely to be adopted 
at a faster rate than designs that are perceived as less compatible (Rogers 1995). 
Speer and Hughey (1995) echo this, saying that “Relationships based on shared 
values … produce more meaningful/sustainable bonds” (p. 733).
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Community relationships and core values help to form a shared community iden-
tity. Early meetings where stakeholders identify who they are as a community and 
what they value help to reduce stakeholder resistance to change. Stanford Univer-
sity researchers Collins and Porras (1994) discovered something relevant to this 
discussion in their research on “visionary companies,” those companies in their 
study who have existed for over 50 years, with performance far exceeding their 
competitors. In the visionary companies, key business factors (such as type of busi-
ness, processes, and products) were subject to change over time. However, these 
companies all had well-defined core values and a sense of purpose that were not 
subject to change, and which provided stability and continuity in the face of the risk 
and uncertainty that change entails. This approach enabled visionary companies to 
simultaneously “preserve the core and stimulate progress” [italics added] (p. 85).

This concept can hold true for communities too: a shared collective identity, a 
sense of knowing who you are as a community regardless of a multitude of chang-
es, can act as a foundation that enables stakeholders to better accept and adapt to 
change. Manzo and Perkins (2006) reinforce this, stating that the identification of 
common interests means a community is more likely to feel empowered and be 
mobilized to action (p. 340). Community planning expert Henry Sanoff (2000) also 
stresses that participants need to begin the process with a shared sense of purpose.

Once community stakeholders have a clear sense of shared identity and core val-
ues, design options can more readily be evaluated for alignment. If their collective 
community identity and core values are upheld in design options, and stakeholders 
are made aware of that throughout the process, stakeholders should be more willing 
to accept and make changes to existing practices (such as designs, policies, and zon-
ing or building codes) in order to move the new vision forward.

Translating subjective value statements into criteria for use in geodesign analyses 
is a current challenge for geodesign. A few geodesign pioneers are experimenting 
with ways to do this. During the 2013 American Planning Association conference, 
Doug Walker of Placeways identified important outcomes from conducting a Values 
Mapping Workshop (Walker 2013):

When you … do a values workshop, you ask people what do you value, you let them talk, 
and … (they) come up with a lot of what planners typically talk about: valuing open space, 
… cost of living. But they’re also coming up with softer characteristics… “I love the small 
town feel” or “I love the recreational opportunities”, “I love the views.” I think this is an 
exciting trend because if we can start building that into our work, we’re going to have 
more powerful plans, … (this is) what we should be doing as planners which is building 
wonderful places …. The technology is now getting to the point where you can start at least 
attempting to score different scenarios, different proposed plans, different visions, on those 
kinds of soft characteristics.

Once core community values are well defined, they can become an integral part of 
the geodesign process, and eventually be encoded in new community plans and land 
use policies.

More research needs to be conducted, however, into how to effectively translate 
narrative value statements, which are primarily qualitative in nature, into quantita-
tive models that can be used in geodesign analyses. These models also need to be 
adaptable so that they can be utilized in different cultural contexts. This is not a 
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simple prospect, however, as Shannon McElvaney explains in his 2012 book on 
geodesign:

Creating design with respect to hard science in many ways is the easy part. The soft science 
of social values is actually harder to quantify and evaluate because it is often qualitative or 
based on personal views that arise from differences in culture, religion, class, education, 
politics, or age. (p. 8)

20.5 � Conclusion

From the first contact with a potential client and community, professionals working 
with the geodesign process need to be acutely aware of the importance of the hu-
man component of geodesign. People are in the position to either accept or reject 
the geodesign process and its recommendations. This chapter reviewed a number of 
deep-seated reasons why people resist change, as well as many actions profession-
als can take to help communities not only accept, but embrace change.

Utilizing the recommendations outlined in this chapter, professionals can begin 
to increase the level and quality of stakeholder engagement in geodesign and com-
munity planning efforts. Professionals will also have a deeper understanding of (a) 
why communicating complex concepts from an external change agent role can be 
difficult, (b) how to increase stakeholder acceptance of the geodesign process, (c) 
why securing the participation and endorsement of influential community leaders 
is key to stakeholder representation and building support for change, (d) the sig-
nificance of culture in all change efforts, and (e) why early identification of shared 
community identity and core values improves designs and increases stakeholder 
acceptance of community change.
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21.1 � Introduction

He [the architect-urbanist] is a participant just like the others (…) More important and bet-
ter than what you are proposing is to stimulate the imagination of the participants in the 
team. (Cornelis van Eesteren in a letter to Jaap Bakema 1957, translated from Van Rossem 
1993, p. 9).
Design is a discipline and process where people deliberately create. Design is about pur-
pose and intentions; it’s about seeing in our mind’s eye what could be, then creating it. 
(Dangermond 2010, p. 507).

It is often remarked that the burgeoning concept of Geodesign has great potential 
for all disciplines engaged in changing the future of places (e.g. Flaxman 2010; 
McElvaney 2012). Through better visualizations, simulations and impact analy-
sis, the planning of cities and regions could be improved, both in terms of process 
(e.g. increased participation) and outcomes (e.g. more sustainable solutions). What 
makes the concept of Geodesign unique is that it explicitly attempts to combine de-
sign and analytic disciplines. As Zwick (2010, p. 20) remarks about Geodesign: ‘it 
must integrate the design professions with other disciplines—ecology, geography 
and other earth sciences, real estate and the social sciences’. As a working defini-
tion, we conceive Geodesign in this paper as: an approach to visioning, planning or 
policymaking in which insights and ways of working from a design and analytical 
perspective are integrated, often supported by dedicated geo-information tool.

This integration is far from an easy task, since some fundamental differences 
exist between these disciplines. Typically, design disciplines—in this regard urban 
design and landscape architecture in particular—focus on ‘intent or purpose, the 
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creation of something better, beautiful, or both’ (McElvaney 2012). For analytical 
disciplines, like environmental science, geography, real estate, transport planning, 
etc., the core aim is to understand and describe how a certain object (in this case 
spatial phenomena) works. This could refer to the situation at a certain moment in 
time, the future situation, or the situation after an intervention—the impact (Steinitz 
1990; cf. Rydin 2007).

Hence, it is not surprising that differences exist between the professional con-
duct of the design and analytical disciplines. Moreover, the usage of tools is quite 
different; whereas for a transport analyst a traffic model is critical in assessing ob-
stacles and identifying solutions, urban designers rely much more on paper, pens 
and visualization software like AutoCad. Geodesign holds the potential to integrate 
these two worlds by offering a common professional language, since it allows the 
iterative combination of sketching and drawing with, often quantitative, analysis.

However, similar to the implementation of Decision Support Systems (DSS) 
and Planning Support Systems (PSS), usage of new tools in practice tends to be 
problematic and several barriers and bottlenecks have to be overcome (Vonk et al. 
2005). In this contribution we try to improve our understanding of the barriers for 
urban designers to apply Geodesign in practice. Since ‘understanding a problem is 
only halfway to solving it’ (Van Aken 2004, p. 20), we propose a set of solutions to 
overcome the identified barriers. The paper is structured as follows. First, we give 
some more insight into the difference between design and analytical disciplines. 
Second, we describe the results our empirical material to study this issue: an experi-
ment with students and interviews with practitioners. We identify four main barriers 
for urban designers. Subsequently, we provide tentative solutions for these barriers. 
The paper closes with some conclusions, reflections and suggestions about the di-
rection of future research.

21.2 � Barriers for Urban Designers

21.2.1 � Analytical and Design Frames

There is no straightforward definition of urban design. As Rowley (1994, p. 179) 
notes: ‘having a name for something does not necessarily mean that we understand 
what it is! (…) Urban design is, surely, a case in point’. Nonetheless, some relevant 
differences between urban designers and more analytically inclined stakeholders 
can be observed. Carton (2007) studied the framing of maps by different stakehold-
ers in planning processes. Frames are ‘schemata of interpretation’ (Goffman 1974) 
steering the way in which planning actors perceive problems and solutions, and 
fulfill their tasks. Carton finds that, typically, there are actors with a design frame 
for whom a map is a design tool, perhaps comparable to the brush and canvas of 
a painter. On the other hand, there are actors with an analytical frame, for whom a 
map is a research device. Geodesign aims to support actors with both a design and 
an analytical frame through GIS-based tools.
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Whereas the development of tools to support Geodesign has taken off and its 
conceptual basis is quite sound, empirical research into its application in practice 
is still limited. This paper aims to fill this lacuna by making use of two types of 
research: a structured experiment and semi-structured interviews. The experiment 
is control rich, allowing us to make relatively robust claims about the usage of a 
GIS-based tool in Geodesign applications, because we can control for variation 
not related to the tool usage (e.g. a different set-up of the workshop). Since these 
experiments are conducted with students, they provide little insight in the planning 
context. Therefore we also conducted complementary semi-structured interviews. 
These are context rich, which make it difficult to measure mechanisms and claims 
systematically, but provides a way to get in-depth understanding of the praxis of 
urban design in relation to GIS-based tools and to allow us to understand the barri-
ers and potentials for Geodesign in practice. Whereas the experiment and the semi-
structured interviews deal with different tools, what they have in common is that 
a GIS-based tool is applied in situations where urban design plays a critical role.

21.2.2 � An Experiment

We set up an experiment with 55 students (more detailed description in te  
Brömmelstroet 2013a). The students were selected from three different undergradu-
ate studies; spatial planning, environmental engineering (both second year, Saxion 
University of Applied Science) and transport engineering (first year, Windesheim 
University of Applied Science). They were invited to take part in a design compe-
tition, organized by TNO, Utrecht University and the University of Amsterdam. 
Beforehand, we randomly divided them into six groups. In each group there were 
three to four transport planners, two to three environmental engineers and six spatial 
planners. To avoid the risk that the six spatial planners would dominate the groups, 
they were (randomly) divided into urban designers and project economists.

Two weeks before the design competition, each student received a set of infor-
mation that contained:

•	 A predefined plan for an urban infill area in the Rotterdam harbor (Fig. 21.1). A 
map showed the initial planned locations of housing, offices and leisure activi-
ties in the area and the accompanying text explaining what ambitions Rotterdam 
has with this area to become attractive for creative companies and urban fami-
lies.

•	 Depending on their role, a text and maps explaining the problems of the exist-
ing plan. The environmental engineers received maps of air pollution, external 
safety and noise nuisance; the transport engineers received maps of capacity 
problems on the internal and surrounding car network; the urban designers be-
came aware of the notion that the current plan was not attractive and the project 
economists that the plan was not financially viable.

•	 The set-up and rules of the competition: 1 hour in which a new plan needs to be 
developed on paper and with accompanying text.

•	 Depending on their role, a specific target and possible interventions that can 
support this.
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The resulting plans would be reviewed by experts and for each distinct role a price 
would be rewarded for the best plan.

On May twenty-first 2013, the groups developed their plans. The six groups 
worked in turn, enabling us to observe every group. Each group received a short 
opening statement on the goal and set-up of the competition. Then, one of the au-
thors served as mediator to guide the group through a number of design and analysis 
loops, which were meant to help them to understand the problem and develop solu-
tions. The groups were first encouraged to develop concrete planning interventions. 
Hereby, they were supported by a large paper map of the plan area and a whiteboard 
(see Fig. 21.2). The solutions they developed were translated into the Urban Strat-
egy tool (www.tno.nl/urbanstrategy). This state-of-the-art Planning Support Tool 
links fast computer modeling on a variety of urban dimensions to intuitive visual-
ization of effects of a planning intervention on for instance traffic flows and noise 
pollution (Dias et al. 2013). It uses a surface table to communicate between the us-
ers and the models (see Fig. 21.2 right). By seeing the effects of their interventions, 
the groups could get a feeling about what works and what does not. Subsequently, 
they could discuss further improvements. Ten minutes before the end, the groups 
were urged to draft their final plan and write their accompanying text.

Fig. 21.2   Physical set-up for groups: Table with maps and whiteboard to develop ideas ( left) and 
interaction with the calculated effects through a surface table with a chauffeur ( right)

 

Fig. 21.1   Infill area in the old harbors of Rotterdam ( left) and original design ( right); blue = offices, 
orange = housing
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After the session the students had to fill out an extensive survey. Among other 
things, they were asked to give their opinion on statements that addressed mul-
tiple characteristics of Urban Strategy (based on te Brömmelstroet 2010). The par-
ticipants were asked to respond to each statement on a seven point Likert scale 
(1 = strongly disagree; 7 = strongly agree). Table 21.1 presents the average outcomes 
for each of the four roles and their standard deviations.

Looking at the outcomes in Table 21.1, four statements show significant differ-
ences between urban designers and the other roles (see also Fig. 21.3). For all other 
statements, no significant differences were recorded. The project economists score 
relatively low on all four significant statements. The urban designers seem content 
with the clarity of the output presented but seem much less satisfied with the fit of 
the tool with their role and the idea that the tool separates sense from nonsense. The 
transport engineers are positive about both this fit and the function of Urban Strat-
egy to separate sense from non-sense.

It is an interesting finding that on all other statements, no significant differences 
could be found. This indicates that there seems to be an agreement across the roles 
about the general positive perception of usability of Urban Strategy. It also points 
to the limitations of our experimental setup. Increasing the sample by repeating the 
experiment could help us to assess if this agreement is indeed present or if it is an 
artifact of this sample. Also, it shows that although the control-rich environment and 
possible repetition of an experiment is powerful in terms of internal validity, it is se-
verely limited in understanding the rich context of real world characteristics. The stu-
dents have not yet been specializing in their roles and have not made a career in their 
own silo (with their own instruments). Moreover, the students with the role urban 
designer did not have a background in urban design, but spatial planning. Therefore, 
we cannot expect to replicate such important real world conditions in the experiment. 
To increase this external (or ecological) validity, it is necessary to triangulate an ex-
periment with context rich methods. This is what we will discuss in the next section.

21.2.3 � Interviews with Practitioners

In addition to the survey, 15 semi-structured interviews were conducted with people 
involved in spatial planning in the Netherlands. The purpose of the interviews was 
to further explore the issues designers face while using GIS-based tools. The inter-
viewees had experience with GIS-based tools in a planning or design process and/
or were active in practice as an urban designer. The quotes below are all translated 
from Dutch, whereby inevitably some of the nuances are lost1. Most of the inter-
viewees emphasize that usage of (interactive) GIS by urban designers is problem-
atic. As one interviewee noted:

I had expected that urban designers would endorse it because they are designers and visu-
ally focused, but this has disappointed me. (…) whereas they could use geo-information 
really well to make designs more realistic and better. (Project Manager and GIS Specialist)

1  A full list of quotes from the interviewees is available upon request.
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The next section discusses four main barriers that came out in the interviews.

�Not Everything that Counts can be Measured,  
and Not Everything that can be Measured Counts

An issue frequently mentioned is that geo-information tools have a bias towards 
specific themes. Environmental aspects—noise pollution, water quality, etc.—are 
much easier to model than an abstract and subjective concept like ‘spatial quality’. 
The latter could involve the ‘look and feel’ of an area. As one urban designer re-
marks: ‘For most urban designers feeling is critical—the atmosphere. How do I live 
somewhere? Images play a crucial role during the process.’ These are aspects that 
are currently insufficiently covered when GIS is applied in design sessions. Hence, 
the first barrier:

Barrier 1: Unquantifiable aspects that are important for urban designers are cur-
rently insufficiently included in the application of GIS-based tools.

�Creativity Versus Analysis

A second barrier is that GIS-based tools are perceived to restrict creativity and free-
dom for urban designers2. This was indicated by the experiment results and sup-
ported in the interviews. An urban designer remarks:

2  We are not providing a judgment as to whether or not this notion is true, since the famous 
Thomas-theorem states: ‘If men define situations as real, they are real in their consequences’.

Fig. 21.3   Response to the four significant statements by student by role. The scores are the means 
per role (for the respective N’s see Table 21.1). Statement 1 (S1): The communicative value of the 
output is high. Statement 2 (S2): The output is clearly presented. Statement 3 (S3): Urban Strategy 
fits well in my role. Statement 4 (S4): Urban Strategy separated sense from nonsense
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From a design side, we’re on a very abstract level, making sketches in which a meter does 
not matter so much. I do it roughly and find out later what the exact contours will be. But 
then [when using an interactive geo-information tool] there is a number that is very precise, 
with three decimal places. And that does not fit the idea that I have in my head. (…) I would 
prefer a rough sketch on the table. (Urban Designer with experience of using an interactive 
GIS-based tool).

He continues to remark about the dynamics of the design process:
The role of the urban designer in the design process is to keep the flow. It works really well 
to fix specific points and leave others open. Later on, you can find a solution for these fixed 
points. You should not solve everything the moment you do something. It stops, it stands 
still. One wants to work from large to small, from principles to detail. (GIS Specialist)

Another interviewee, who had a fair bit of experience with applying map-based 
touch tables in planning situations, also emphasized the point of restricting creativ-
ity: ‘I notice they [urban designers] find it much too realistic, I think they’re afraid 
of it. They think it will restrict their creativity or it is too systematic’ (Project Man-
ager and GIS-specialist). The critical question is, of course, to what extent does a 
GIS-based tool actually restrict creativity, or is this only the perception? It is clear, 
however, that we need to better understand this notion.

Barrier 2: A GIS-based tool is perceived to restrict creativity.

�Fuzziness Versus Explicitness

Applying a GIS-based tool leads to an explicit representation of spatial phenomena. 
For instance, an area either has a leisure or a residential function; within models and 
tools, boundaries between functions tend to be hard–think of lines and polygons. 
Fuzziness, such as the blending of land uses, is more difficult to handle in a GIS. In 
the interviews, however, fuzziness was mentioned as an important aspect of urban 
design. Integral and explicit evaluation of the problems at hand is sometimes dif-
ficult to handle for an urban designer, particularly in the early stages:

That’s the risk of such a table [map-based touch table combined with an interactive GIS] – 
that one continuously sees everything. It becomes too integrative; it is no longer possible 
to arrive at one abstract system. One is forced to solve everything at once. (Urban Designer 
with experience with an interactive GIS-based tool).

A GIS specialist observes something similar:
Urban designers are used to drawing and sketching rough lines on paper. And that is some-
thing that is difficult in a MapTable. One can draw a polygon but in the end you have to 
click with a mouse and indicate vertices. And then, after a short period of time, they [urban 
designers] tend to say: “I don’t like this”. (GIS Specialist)

In summary, the third barrier can be formulated as follows.

Barrier 3: Fuzziness is a virtue for urban design that is often not supported by 
GIS-based tools.
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�Innovation Versus Habits

The fourth and final barrier has already been observed earlier in the GIS and PSS 
debate. New technologies are not easily accepted, since existing habits and percep-
tions are difficult to change (e.g. Vonk et al. 2005, 2007). This barrier is particularly 
relevant for the adoption of GIS-based tools by urban designers because it involves 
quite a radical shift in the way of working. A GIS specialist describes the struggle 
he has to get urban designers on board:

We have a touch table, which we attempt to get urban designers to use, because one can 
use it with the fingers. But that is too much for them. They want to draw with a pen on the 
table. Although it is easier to draw with their fingers, they prefer a pen because that is what 
they are used to. I’m always struggling with the question: should I facilitate what they are 
used to? Or is it better to say: it’s a whole new world, we’re going to try something different 
now? Often I start with what they are used to and then say: “we’re doing it like this now, 
but let’s try something different”. It is easier to get them on board when you give them a 
handhold. And for them [urban designers] that handhold is, literally, a pen. (GIS-specialist)

Hence, the fourth barrier can be formulated as:

Barrier 4: It is difficult to break with old habits.

21.3 � Solutions to Overcome the Barriers

Based on insights from existing literature, our experiment, the interviews and hands-
on involvement with applications of GIS-based tools in practice, we have developed 
some tentative directions for finding a solution. There are two distinct directions for 
finding improvement: one is by adapting the tool and one is by adapting the process.

21.3.1 � Barrier 1: Not All Dimensions that are Important for 
Urban Designers are Currently Included in GIS-based 
Tools

In terms of improving tools, this is arguably one of the most challenging issues. 
Some spatial phenomena (e.g. ‘spatial quality’) are hard to capture in a GIS or a 
quantitative model. It is likely that the solution lies in clever combinations with 
other types of visualizations, such as images and 3D visualizations or quotes from 
inhabitants. Some interesting examples of this can be found in Geertman and Still-
well (2009) (in particular: the mapping of landscape values by Carver et al. 2009; 
gathering localized knowledge through ‘Soft GIS’ by Kahila and Kyttä 2009; and 
making use of a ‘Virtual Landscape Theater’ by Miller et al. 2009).

The process approach to overcome this barrier lies in ensuring that there is 
sufficient time, resources and attention for aspects that cannot be included in a 
GIS-based tool. What should be prevented is that GIS becomes ‘performative’ and 
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that stakeholders start to be dependent on the tool instead of vice versa (Smith et al. 
2013). Just as a model specialist or a GIS specialist should be trusted with preparing 
the tool, urban designers should be trusted as being intuitive and creative experts. In 
sum, applying a GIS-based tool successfully in Geodesign requires the very careful 
organization of workshops, dealing with different types of knowledge forms, for 
instance experiential and systematized knowledge (Healey 2007). The importance 
of careful knowledge management has also been emphasized by earlier work in the 
field of PSS (e.g. te Brömmelstroet 2010).

21.3.2 � Barrier 2: A Geo-information Tool Restricts Creativity

The rising use of map-based touch tables in combination with GIS makes it easier 
to support sessions in which creativity and analysis are combined. However, even 
when using user-friendly software like SketchUp and Sketchbook Pro, the free-
dom of a paper and pens is unrivaled. Two solutions could work. First: combining 
paper maps with a GIS-based tool—something we did in the experiment. Hereby, 
the intuitive process of drawing with pens and paper is still possible. The problem 
however is combining the paper drawings quickly and efficiently with a GIS. This is 
almost impossible in a workshop and could lead to a loss of momentum and a loss of 
detail in the translation process. The second solution is something to be done much 
later in time: in the future software and hardware will more than likely become even 
more user friendly and intuitive.

One of the strengths of urban designers is that they are able to ignite a creative 
process in which a plan is developed. This virtue should be captured by Geodesign. 
Key to this is to continuously emphasize that tools are supporting the process; they 
are a part of it, but they do not steer it. It’s the people that analyze, develop ideas 
and sketch, not the tool!

21.3.3 � Barrier 3: Fuzziness is a Virtue for Urban Design

Related to overcoming the barrier of creativity is the barrier of too much precision 
and systematized information. An urban designer has an idea for a tool that fits their 
demands:

What if we were to have a table [a map-based touch table] with lines that are thick and flex-
ible? Lines that one could dent and stretch. More like rubber than the ‘hard’ GIS. Because it 
takes so much time and consultation to draw lines. Because there is this little blue line in the 
soil and then it has to be next to that line otherwise it is in the water, etc. Whereas, actually, 
you would just need to ‘go-go-go-go’ to have a rough sketch and later on you put it in an 
AutoCad. I would not know how this should work exactly, but this is more from our [urban 
designers’] perspective. (Urban Designer with experience with an interactive GIS-based tool)

This idea relates to the more intuitive geo-design tools identified for the previous 
barrier. The idea of ‘rubber’ lines is interesting and innovative and deserves further 
attention in the future.



34121  Geodesign in Practice: What About the Urban Designers?

As important as a tool that appreciates fuzziness, is a process which is open to it. 
One of the key elements is not to start too early with complicated and integral cal-
culations. Whereas these are necessary in developing a plan—and inevitably have 
to be conducted somewhere in the process—it should be very carefully decided 
when in the process these are conducted. To an important extent this depends on 
the urban designer (To what extent is he/she able to deal with complicated calcula-
tions?) and the planning issue (Are there strict financial or environmental restric-
tions for the urban designer?). Also, when detailed calculations are needed later on 
in the planning process, this should be acknowledged from the start (Mouter and 
Pelzer 2013).

21.3.4 � Barrier 4: It is Difficult to Break with Old Habits

The fourth and final barrier is arguably the most persistent but it has one big ally: 
time. The future generation of urban designers is now using tablets, smartphones 
and Google maps. The step towards GIS-based tools will in the future arguably be 
much smaller. However, to enhance the integration of Geodesign and urban de-
signers, it would be relevant to pay attention to the framing of a tool. GIS-based 
tools are often perceived to belong to GIS specialists or environmental analysts. A 
concrete intervention to overcome this is to use map-based touch tables to discuss 
sketches and images (for instance scans of drawings on paper or 3D visualizations). 
In the next stage, this table could be used for more advanced applications of Geode-
sign (see Pelzer et al. 2013, for an example) (Fig. 21.4).

From a process perspective, it is important to see a Geodesign application as 
a collective learning experience. The technology, models, indicators, topics, and 
other disciplines are being interactively explored and by actively linking them, new 
and shared knowledge is created. This takes time and some of the benefits are likely 
to be more visible in the long run. It is very important for all actors, including urban 
designers, to acknowledge this. A spatial planner looks back on the sessions with a 
GIS-based tool in which he was involved.

For me it was a very instructive experience because I was forced into seeing a very different 
approach. What I found very funny about the sessions we had around the table (map-based 
touch table) with urban designers was that we had to get used to each other.

Truly fundamental shifts in the ways of working and using tools could only occur, 
however, if urban designers endorse and communicate the potential of Geodesign.

21.4 � Conclusion

This paper addressed a critical issue for the future of Geodesign: the persistent 
disconnection between the potential of Geodesign and the usage of GIS-based tools 
in practice. Although this will in part be solved by time and technological devel-
opments, we also observed some fundamental dilemmas. Our tentative solutions 
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for the identified barriers are not written in stone. We identified them to ignite the 
discussion about the implementation of Geodesign. As in the strongly related field 
of PSS, it is critical for the future of Geodesign to pay attention to user perspectives 
(for relevant discussions on PSS see Geertman 2008; te Brömmelstroet 2013b). 
‘Users’ should be defined broadly, including GIS specialists and model develop-
ers, but also urban designers and policy advisors. More research into this aspect 
would also enhance our understanding of the relation between urban designers and 
Geodesign. The findings from this paper should be tested in more detail and in other 
contexts. Particularly the quantitative findings from the experiments are indicative, 
and require more empirical research. Hereby, it would be very relevant to test the 
extent to which recently developed and more intuitive GIS-based tools overcome 
the barriers outlined above (for a relevant early attempt see Dias et al. 2013; cf. te 
Brömmelstroet 2014).

Moreover, another factor that deserves further scrutiny is a holistic perspective 
of the users involved in Geodesign. In this paper we primarily focused on disciplin-
ary background. The psychological background of the users is, however, also very 
relevant. Several interviewees indicated that to get people to be willing to use GIS-
based tools, character (personality, emotions, etc.) is pivotal. People that are open, 
assertive and able and willing to think out-of-the-box are more likely to adopt new 
technology. Moreover, age also seems to be a factor. Younger people tend to have 
more experience with digital tools and are less used to old ways of working. Further 
research could provide more in-depth insight into this issue.

We will end this paper with the two persons from the introduction. Cornelis van 
Eesteren is arguably the most famous urbanist in Dutch history. His ‘General Exten-
sion Plan for Amsterdam’ from 1934 is still being used in 2013 by the Municipality 
of Amsterdam. Jack Dangermond founded ESRI and is now one of the strongest 
proponents of Geodesign. What do these two have in common? They both realize 
that developing a plan for the future requires creativity and collaborative imagina-
tion combined with analysis.

Fig. 21.4   Application of 
a map-based touch table in 
the Province of Utrecht, the 
Netherlands
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22.1 � About the Netherlands Court of Audit (NCA)

The Netherlands Court of Audit (NCA) is the Supreme Audit Institution of the 
Netherlands. The NCA strives to assess and further improve the regularity, effi-
ciency, effectiveness and integrity of the State of the Netherlands and the institu-
tions associated with it. It wants to promote and contribute to good governance. 
Good governance—according to the United Nations—has 8 major characteristics. 
It is participatory, consensus oriented, accountable, transparent, responsive, effec-
tive and efficient, equitable and inclusive and follows the rule of law. It assures that 
corruption is minimized, the views of minorities are taken into account and that 
the voices of the most vulnerable in society are heard in decision-making. It is also 
responsive to the present and future needs of society (United Nations Economic and 
Social Commission for Asia and the Pacific [UNESCAP] 2009).

The NCA was formally founded in 1814 and celebrates its 200th anniversary 
in 2014. The NCA is a member of the International Organization of Supreme Au-
dit Institutions, INTOSAI (www.intosai.org). It has been active in various working 
groups of INTOSAI in the last number of years, like the Working Group on Envi-
ronmental Auditing, the IT Working Group and the Working Group on the Account-
ability for and Audit of Disaster-related Aid. In these working groups the NCA 
has tried to bridge the world of auditors with that of other disciplines like IT and 
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geospatial information. This comes from the strong belief that auditors should in-
novate to maintain and strengthen their relevance and added value.

Innovation is not only key to effective auditing, but also to an effective design 
of government policy.

22.2 � Gap Between Policy and Real World

Government policy should be directed at improving the living conditions of its citi-
zens. Therefore, a good understanding of those conditions is essential for assessing 
where the government should intervene to improve the life of its citizens. Further-
more, when government intervenes it should monitor the results of its interventions. 
Not only to be accountable for the results realized with public expenditures, but also 
to be able to learn and to alter interventions when the desired results are not realized.

The NCA reached the conclusion in many audits that government policies are 
mostly based on assumptions that the proposed measures will work, but not on 
any true evidence that it will work. There is a lack of understanding the real world. 
It seems that most policies are designed on a trial-and-error basis: let’s see if it 
works and if not we have to think about something else. When government needs to 
intervene in situations it has never experienced before, then trial-and-error could be 
a smart approach. But it is only smart if government is able to monitor the effects 
of its policy measures in order to redesign its policies when needed. This means 
government should have access to data, information and knowledge about the living 
conditions of its citizens. The term used for this information is policy information.

But in many audits the NCA reaches the conclusion that policy information is 
lacking. There is a lack of information on where public funds have been spent and 
which results have been realized with these funds1.

For example, on December, 26th 2004 a tsunami in the Indian Ocean devastated 
houses, ports and other infrastructure in the coastal areas of 16 countries. More than 
200,000 people died.

A group of supreme audit institutions both from countries hit by the natural di-
saster as from countries involved in the emergency relief formed a taskforce to 
follow the money. They tried to build an audit trail in order to make sure the money 
was wisely spent and information about the results became available (Fig. 22.1).

The Task Force on the Accountability for and Audit of Disaster-related Aid 
didn’t succeed in building an audit trail due to the lack of available data and infor-
mation on national and international level. In the case of humanitarian aid this is a 
direct result of the complexity of the humanitarian aid sector. Funds for the affected 
countries are made available by many public, private, multilateral and intergovern-
mental organizations (Fig. 22.2). Furthermore, they flow via multiple channels and 
intermediate organizations from one part of the world to the other during which 

1  For an overview of various audit reports reference is made to the website of the NCA: http://
www.courtofaudit.nl/english.
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they lose their identity. Meaning that public and private funds are mixed and then 
split up again, which makes it difficult to follow to the final destination. Data and 
information regarding the “landing” of aid funds on the final destination was also 
incomplete and not reliable enough. The Task Force therefore reached the conclu-
sion that if an audit trail is not included from the beginning, reconstructing an audit 
trail afterwards is not possible or fairly difficult (INTOSAI 2008).

The lack of policy information already is evident from the annual budget plans 
that ministers present to the Dutch parliament. In those plans ministers are often not 
able to present a clear relation between policy objectives, policy instruments and 
the amount of public funds needed to implement the policy instruments. Meaning 
that ministers are not able to be fully accountable for the spending of public funds 
nor the results that have been realized with these funds. This also means ministers 
cannot learn and improve their policies. So the NCA has to repeat its recommenda-
tion to improve policy information in order to enhance accountability and learning 
over and over again.

The NCA decided to become more involved in the design of policy information 
to be able to influence and strengthen it. This with the aim to enhance transparency 
and accountability and to enable audits that can focus on assessing the results of 
government interventions. The NCA in 2010, for instance, contributed to the design 
of the accountability and audit framework of the aid funds for Haiti collected by a 
large group of Dutch humanitarian aid organizations, the Samenwerkende Hulpor-
ganisaties (SHO) (NCA 2010). In Sect. 22.5 other examples of the NCA efforts in 
contributing to the design of policy information will be explained.

So how can the gap between policy and the real world been bridged in a struc-
tural way?

Fig. 22.1   Audit trail humanitarian aid flows, ideal situation
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22.3 � Geodesign Framework Stimulates Understanding  
of the Real World

The geodesign framework of Carl Steinitz, as visualized below, is a systematic pro-
cess of decision making directed at (re)designing the physical world we live in 
(Steinitz 2012). It provides a step-by-step approach around two main questions: 
is the landscape working well and if not should the landscape be changed? The 
strength of the framework lies in its broad applicability for decision making by 
public entities. It stimulates decision makers to first obtain an understanding of the 
real world as it is. Secondly it stimulates decision makers to assess the impact of 
possible interventions before deciding whether the real world should be changed.

The experience of the NCA shows that in general policy makers don’t have 
a good understanding of the real world as it as. They lack data, information and 
knowledge about the living conditions of citizens in the real world. Furthermore, 
the NCA sees a lack of values and goals based on which assessments can be made 

Fig. 22.2   Simplified overview flow of Dutch aid funds for Tsunami-affected countries
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if the real world works well. The lack of data, information, knowledge, values and 
goals also hampers the design of interventions, because interventions should be 
evaluated on whether they have a desired impact on citizens’ lives.

The importance of goals and values for any design was stressed by Carl Steinitz 
in his keynote speech at the European Geodesign Summit held in 2013 in the Neth-
erlands. He stated that the geodesign framework is value driven and not data driven: 
values and goals should be starting point of any design. Just as values and goals 
should be the starting point of any government intervention. As stated before in this 
chapter, reality is different. The NCA sees that many policy objectives are vague 
and non-coherent with the proposed policy instruments and the amount of pub-
lic funds needed to implement these instruments. When objectives and goals are 
not specific enough it is difficult to know what policy information (data, informa-
tion and knowledge) is needed for assessing whether policy objectives have been 
realized.

The NCA believes that designing government policy should include policy in-
formation. Assurance on the quality of any design can only be provided when it is 
possible to assess its impact in the real world. And in many audits the NCA had to 
conclude that it didn’t know whether policy interventions had the desired impact 
(effectiveness) due to the lack of sound policy information.

22.4 � Geodesigning Policy Information:  
Open Geospending

As stated above, the NCA tries to promote and contribute to good governance. And 
the key to good governance is sound information. Sound information for under-
standing the real world and for assessing the impact of policy interventions in the 
real world.

It is important to realize that a number of developments—like internet, smart-
phones, social media—have changed our society into a digital one. This also has 
a huge impact on how policy information is created. Only a number of years ago 
information was created in a linear step-by-step process under the control of policy-
makers (Fig. 22.3). The speed of this process depended on the travel speed of paper.

Nowadays information is created from data of multiple sources in a continuous 
flow. It can be gathered, adjusted and distributed by everyone with an internet con-
nection (Fig. 22.4).

Data, information and knowledge no longer is limited to a selective group of 
people, due to the fact that so many people have an internet connection and more 
and more data have become available as open data. The broad and easy access to 
the internet has led to more transparency, democracy and empowerment of citizens 
(armchair auditors). The observations and feedback of these empowered citizens 
can be an enormous relevant source of information for policy makers. It can provide 
a better understanding of the real world (is it working well?) and moreover it can 
provide direct feedback on the impact of policy interventions in the real world (is it 
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working better?). According to British prime minister Cameron opening up data to 
the wider public can lead to an army of armchair auditors that can scrutinize policy 
interventions and thus preventing fraud, misuse and waste (Cameron 2010).

The digital era also poses challenges. Solely opening up data and making them 
available on the internet doesn’t automatically lead to a better understanding of the 
real world or to activating armchair auditors. The availability of so much data and 
information can lead to confusion and distrust of the data and information presented.

The NCA believes that data and information should be made available in a way 
that supports a better understanding of the real world. It believes that location is the 

Fig. 22.4   Creation of policy information (digital era)

 

Fig. 22.3   Creation of policy information (paper era)
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key to understanding the real world: everything happens somewhere. Therefore, 
the NCA supports the use of new technologies that can integrate data from various 
sources—including that of citizens—and visualizing them on a map. Geography is, 
in a way, the missing link between the policy world and the real world. Making it 
possible to create more coherence between policy goals and objectives, policy inter-
ventions and the public funds needed for implementing policy interventions on one 
hand and the impact of the policy interventions and the expenditures on the other.

An interesting development in this regard is “open spending”.2 Open spending 
started as a grassroots movement dedicated to opening up financial data of govern-
ments to be able to track and analyze public spending. Many governments around 
the world have embraced ideas on open spending and have started to provide finan-
cial data on public spending as open data. Some governments have even decided to 
provide financial data on transaction level making it possible to track and analyze 
individual financial transactions. The NCA has decided to join the growing com-
munity of public organizations that provide their financial data as open data. As a 
first step the NCA has published its financial data on transaction level over 2013 on 
March, 27th 2014 as part of its annual report and accounts.

Combining financial data with location or geospatial data provides an even bet-
ter insight into public spending and lays the foundation for looking into efficiency 
and effectiveness of public spending. The NCA uses the term “Open geospending” 
for this.

22.4.1 � Example: Open Geospending, www.recovery.gov

The Federal government of the United States proposed the American Recovery and 
Reinvestment Act (ARRA) of 2009 to fight the consequences of the financial cri-
sis. The website www.recovery.gov was created under the Recovery Act to show 
the American public how ARRA funds are being spent by recipients of contracts, 
grants, and loans, and the distribution of ARRA entitlements and tax benefits. The 
website displays information about the Recovery Accountability and Transparency 
Board’s activities, as well as data related to the $840 billion stimulus bill (Fig. 22.5).

The website makes it possible to search via zip code, city or federal state. It also 
enables searching on the map. The data provided provides an insight in the total 
dollar amount for all the ARRA contract, grant, and loan awards in a specific area. 
Furthermore, it provides insight in job numbers, the cities receiving the bulk of the 
money, and the top recipients. The website also stimulates citizens to scrutinize 
the activities in their neighbourhood and to provide feedback on misuse, fraud and 
waste via a Complaint form. It also provides insight in whether ARRA money went 
to the places that had the greatest need:did areas of high crime get COPS funding 
for instance? The website also provides its data as open data thus making it pos-
sible to use it to create charts and graphs or to build own applications (Recovery 
Accountability and Transparency Board 2009).

2  For more information regarding open spending reference is made to the website https://
openspending.org/ accessed on 31 March 2013.
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22.5 � Geodesigning Real Estate and Social Domain

It is the aim of the NCA to stimulate the design of policy information that connects 
the policy world with the real world and includes an audit trail. This means that the 
NCA has to be prepared to take a more pro-active role in contrast with its traditional 
role as an ex-post auditor. A more proactive role doesn’t mean that the NCA will 
take responsibility for designing government policy or policy information. But that 

Fig. 22.5   Screen shots of the user interface of ARRA (www.recovery.gov)
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the NCA actively wants to bring in its expertise in the design process of policy and 
policy information, adopting the multidisciplinary approach of designing as advised 
by the geodesign framework of Carl Steinitz.

The NCA decided to experiment with this new role starting with contributing 
to the accountability and audit framework of the Dutch aid for Haiti in 2010 (see 
Sect. 22.2). At present the NCA takes up this more proactive role regarding real 
estate and the welfare system, discussed below.

22.5.1 � Stimulating an Integrated Overview of Public Real Estate

In the Netherlands various public organizations own real estate objects, which in-
clude office buildings, jails, educational facilities, military facilities, land and in-
frastructure. These real estate objects have a certain economic value, but also value 
related to their use in the public domain (societal value). Due to the financial crisis 
and efforts to create a more efficient public administration, many public entities 
have to downsize staff and make more efficient use of their assets such as real estate 
objects. This has led to a number of large reorganizations within the Dutch public 
sector, like the transition to a national police and the reorganization of the ministry 
of Defense, the Public Prosecutors’ Office and the courts. These reorganizations 
include relocation of staff and downsizing of real estate.

The NCA audits these individual organizations by looking into the reorganiza-
tion process and possible risks or negative effects. It is also aware that it should 
look into the portfolio management of real estate assets due the economic and social 
value aforementioned. A crucial part of managing the portfolio of real estate assets 
is a proper administration and registration of these assets including economic value 
and geospatial data (location, neighborhood characteristics, etc.). If public entities 
want to manage their real estate portfolio and design their real estate strategy or 
policy they need policy information about their real estate assets. Based on its ex-
periences, the NCA has observed that public entities—in general—can and should 
improve their information regarding real estate assets.

What the NCA also has identified is that information regarding real estate assets is 
hardly shared among public entities. In a situation where many public entities at the 
same time have to downsize their real estate assets, this poses a risk where separate 
decisions of selling real estate objects (office buildings for instance) or relocating 
staff in a certain neighborhood have negative consequences for the neighborhood 
as a whole. Empty buildings can lead to lower market rates in that neighborhood, 
but also to a deterioration of the neighborhood (e.g. rise of criminality, feelings of 
unsafety and pollution). That is why the NCA is dedicated to stimulating public 
entities to share their information about their real estate assets and the plans they 
have with these with other public entities and with the general public. The NCA 
intends to develop a real estate application together with public entities that own a 
large number of real estate objects. The real estate application should visualize the 
real estate data and information of various public entities on a map, thus creating 
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a better overview and a stronger basis for joint decision-making. When real estate 
information also is available to the wider public it can stimulate the involvement of 
citizens with regard to the use of public real estate objects in their neighborhood.

22.5.2 � Stimulating Slender and Smart Policy Information  
for Welfare System

As part of the aim to create a more efficient and effective public administration, 
the Dutch central government has decided to transfer the responsibility for parts 
of the welfare system to the municipalities. The main objectives of this transfer of 
responsibility are better and cheaper welfare services to citizens. These objectives 
are based on the conviction that municipalities have a better understanding how 
to support their citizens in a tailor made manner. The transfer of responsibility is 
a major operation not only in terms of tasks and duties but also in terms of euros 
(16 billion € will be transferred from the State budget to the municipalities). It also 
requires a strong policy information infrastructure for municipalities, and for the 
central government to assess whether the desired objectives will be realized.

The NCA identified the transfer of responsibilities for the welfare system to 
municipalities as a unique opportunity to use the geodesign framework to gener-
ate policy information for a slender and smart information infrastructure. This in-
frastructure should be based—in the view of the NCA—on households and their 
neighborhood (natural habitat). Furthermore, it should be based on single informa-
tion and multiple-use meaning that the information need of municipalities is the 
basis for gathering data. The central government should rely on the fact that these 
data are sufficient to obtain a national overview needed for monitoring the realiza-
tion of national objectives. This means a completely different way of designing 
policy information for central government, because central government in general 
has the tendency to think top-down and from its own information needs. The NCA 
will cooperate with municipalities and ministries to see if it is possible to construct 
a slender and smart policy information structure that serves the need for account-
ability and transparency of local and central government. The information struc-
ture should also make it possible for citizens to assess if they are better off after 
the transfer of responsibilities to their municipalities by making (a part of) its data 
available as open data.

22.6 � Conclusion

Opening up data makes it possible to benchmark and to learn which approach works 
best at the lowest cost. In this sense our efforts regarding opening data on real estate 
and welfare could serve as important experiments for gathering evidence on the 
impact of policy interventions in the real world and hopefully a strong impulse for 
evidence based policy.
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23.1 � Introduction

Many of the descriptions of geodesign invoked to date have cast it as an iterative 
design and planning method where emerging designs are shaped using spatial knowl-
edge acquired from geospatial technologies (e.g. Dangermond 2012). This often 
leads to a relatively elaborate discussion of geodesign workflows (e.g. Steinitz 2012) 
and how these can be invoked for storytelling, collaboration and public participation, 
among others (e.g. Niemann et al. 2011). These kinds of descriptions may not serve 
us very well. An economist, for example, might struggle to think of it differently from 
one of their own methodologies, such as cost–benefit analysis. Here, I argue that this 
would be a dangerous outcome and that the aforementioned approaches to defining 
the field of geodesign pay too little attention to the special place we find ourselves 
both in the world as a whole and in education in particular. This special “place” can 
be traced to the precarious state of the world, to the need to invoke spatial thinking 
to help find solutions to many of our most serious and enduring problems, and to the 
tremendous opportunities afforded by the Web for learning and collaboration.

Many scholars and commentators have written passionately about the state of 
the world and the difficult choices we will likely face in the coming decades. Fisher 
(2012), for example, has written that “the only way we can avoid such a fate is 
to realign our relationship with the natural world, to reorganize our considerable 
knowledge about it to reveal the forces that lead to unsustainable practices, and to 
relearn how to steward what remains of the planet that we have so altered”. These 
observations point to the tremendous gains that our disciplinary-based education 
systems have yielded during the past few centuries on the one hand and the need 
for change, given we know much more about ecosystem drivers and outcomes and 
yet have struggled to put this knowledge to work to create more sustainable ways 
of living, on the other hand. Fisher (2012) sees GIS as a way to spatialize all of the 
knowledge about a place and to see the relationships among disciplines and the con-
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nections among data. Goodchild (2010), views geodesign as a way for GIS to make 
good on one of its early objectives (the use of GIS as a tool for creating designs as 
was popularized by the late Ian McHarg (1969), among others) and thereby promote 
futuristic collaborations among scientists and designers to help empower efforts to 
improve and sustain the surface and near-surface environments of the Earth. Fi-
nally, Steinitz (2012) in his seminal book summarizing where geodesign is now 
and where major research and education efforts should be focused in the future, ex-
plained how the latter requires the training of “conductors” as well as “soloists” and 
how this might be accomplished within a master’s level curriculum in geodesign.

This chapter explores some of these ideas in more detail and highlights some 
of the challenges universities are likely to face as they work to create and sustain 
successful geodesign degree programs in an education setting in which disciplinary 
silos are still the norm and they are continually challenged to do more with less. The 
next section describes the importance of spatial thinking and four additional charac-
teristics of geodesign that suggest it represents an important turning point for spatial 
scientists and practitioners. Section 23.3 uses several examples to show how this 
“geodesign” concept is not new and highlights some of the challenges that derailed 
early geodesign projects and lessons learned. Section 23.4 discusses the role of the 
Web and why this may be an ideal time to accomplish meaningful change with the 
help of three modern geodesign initiatives. Section 23.5 explores the implications 
of all of this for geodesign education using the University of Southern California’s 
new B.S. in Geodesign degree as an example and the chapter closes with some con-
clusions and ideas for future work in the final section.

23.2 � Five Characteristics of Geodesign

The most popular definitions of geodesign position it as a new field built on top of 
the spatial sciences, assuming the latter spans all the various ways in which spa-
tial information can be acquired, represented, organized, analyzed, modeled, and 
visualized (Wilson and Goodchild 2012). The successful pursuit of each of these 
activities involves spatial thinking at its core and spatial thinking, it turns out, is 
used in many (most?) occupations and many facets of everyday life to structure 
problems, organize knowledge, find answers, solve problems, and communicate 
solutions (Sinton and Lund 2007; Sinton 2012). However, spatial thinking is not 
explicitly taught in K-12 and college settings in the US and many other parts of 
the world and a large part of my own interest and fascination with geodesign is the 
special opportunity it provides to introduce formal training in the spatial sciences to 
a larger and more diverse audience compared to past years.

Geodesign provides new opportunities to use the spatial sciences to promote 
and guide design across a variety of spatial scales ranging from specific sites to 
neighborhoods, watersheds, regions, and the world as a whole. Given this setting, 
the best geodesign programs will incorporate spatial thinking and teaching that aims 
to develop student’s capacities to conceptualize, visualize, and interpret location, 
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distance, relationships, movement, and change across places and spaces (Goodchild 
2010; Sinton 2012). Spatial thinking, viewed in this way, might serve as a kind of 
“glue” that: (1) provides the means to clarify and understand the role of different 
perspectives in describing the context for specific problems and/or opportunities; 
and (2) serves as a platform by which we could engage and use a series of di-
verse disciplinary backgrounds and perspectives for solving real-world problems. 
However, geodesign practice itself will need to evolve to encourage and enable 
the participation of non-spatial thinkers as well, because the growing number and 
popularity of map-based tools and scorecards threatens to leave these individuals 
behind on the sidelines.

The second distinguishing feature of geodesign is the use of a variety of geospa-
tial technologies to help gather, organize, analyze, model, and visualize large vol-
umes of both spatial and non-spatial data. These technologies, and the underlying 
science that they are built on top of, have grown enormously during the past four de-
cades. Their scope and purpose are perhaps best described in the Geographic Infor-
mation Science & Technology Body of Knowledge (BoK) that was published by the 
Association of American Geographers and University Consortium for Geographic 
Information Science in 2006 (DiBiase et al. 2006, 2007) and in the Geospatial Tech-
nical Competency Model (GTCM) that was published by the US Department of La-
bor a few years later (DiBiase et al. 2010). The latest geospatial software platforms 
provide an increasingly data-rich environment for all with access and endeavor to 
cover every feature or aspect of interest—including the less tangible attributes that 
are discussed later in this chapter and contribute to the sense or meaning of place. 
However, they have traditionally focused on current conditions and how they came 
to be this way (Fisher 2012). Geodesign then affords new opportunities for utilizing 
these platforms in ways that encourage spatial thinking and its use in decision mak-
ing and problem solving.

This last observation brings us to the next two distinguishing characteristics of 
geodesign: its future orientation and focus on design, which in the most general 
sense, involves imagining and one hopes, doing something positive, to change con-
ditions on or near the Earth’s surface to improve the everyday lives of residents. 
This pair of characteristics acknowledges that geodesign has emerged at a uniquely 
important moment in history, given the rapid growth of the human population dur-
ing the past two centuries, the emergence of cities as home to more than 50 % of the 
human population, the growing numbers of educated people in the world coupled 
with our steadily expanding capacity to alter conditions at or near the Earth’s sur-
face (for better or worse), and the spread of the Web as a platform to share knowl-
edge and aspirations of one kind or another (Worldwatch Institute 2013). The role 
of the Web is rapidly evolving and it is likely to provide many new opportunities 
for performing spatial analysis, building spatially explicit models, and visualizing 
potential solutions to problems across a range of scales in the next few years (Wang 
et al. 2013). It is perhaps not surprising then that many commentators have writ-
ten about geodesign as a force for good—for helping individuals and societies to 
build more sustainable, livable and healthy communities for both current and future 
generations (e.g. Niemann et al. 2011; Steinitz 2012). For educators, this pair of 
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characteristics points to the need to teach visioning along with systems thinking 
and analysis.

The fifth and final feature of geodesign is its focus on collaboration. This is 
manifested in at least two ways. The first is the need for multi-disciplinarity. It 
takes many workers from multiple fields to build a 20-story residential building 
for example. However, the size and diversity of this cast would be expanded if 
we decided to build multiple high-rise residential towers and locate a subway line 
and station below them. The latter is increasingly likely and may provide new op-
portunities to build more sustainable and healthy communities. This last scenario 
also speaks to the increasing complexity of modern life and the growing need for 
teamwork. The second way in which collaboration is manifested has to do with the 
need to involve the people who would be affected by these designs and subsequent 
actions. People vary tremendously in terms of interests, goals and aspirations and 
the often-cited sentiment that people will come if we build sustainable urban forms 
(i.e. transit-friendly high density housing for example) may be nothing more than 
wishful thinking.

This is an especially opportune time because the emergence of the Web and the 
tremendous opportunities to implement geodesign on top of this increasingly ubiq-
uitous platform provides a multitude of exciting new ways we can engage policy-
makers, regulatory agencies, architects, scientists, engineers, and everyday citizens 
to build more sustainable and healthy communities. The role of the Web and its vari-
ous manifestations (cloud computing architectures, big data, data analytics, etc.) 
warrants special emphasis and attention because it dramatically expands the pos-
sibilities and the ease of collaboration. However, saying this will be so and making 
it happen may well constitute two different outcomes unless we proceed carefully, 
for the reasons articulated in the next two sections. Geodesign educators, of course, 
will need to use the Web to promote and sustain collaboration in their classroom 
activities as well for students to grasp the full range of collaboration possibilities 
moving forward.

23.3 � Geodesign is Not New!

The five characteristics of geodesign noted above—the focus on spatial thinking, 
geospatial technologies, the future, design as a force for good and multi-disciplinary 
collaboration—are not necessarily new and one can find plenty of examples of sim-
ilar efforts that extend back many decades and even centuries. Three examples from 
southern California are used below to illustrate these kinds of efforts.

In the first example, the Los Angeles Chamber of Commerce commissioned 
well-known landscape architects Olmsted and Bartholomew to create a regional 
plan for “parks, playgrounds, and beaches” in the 1930s. The geospatial technolo-
gies of the time consisted of pen and paper and these were used to construct and dis-
seminate a series of maps depicting current and proposed land use conditions—just 
as modern geospatial software platforms such as ArcGIS and Google Earth are of-



36123  Towards Geodesign: Building New Education Programs and Audiences

ten used today (see, for example, the map books published as a part of the Esri 
International User Conference each year). Though the plan was never implemented, 
in the mid-1990s, it resurfaced and became a beacon, simulating new calls for a 
revitalized city connected by green corridors and major parklands (e.g. Hise and 
Deverell 2000; Wolch et al. 2012).

This is but one of many plans from Los Angeles that were never implement-
ed and today’s land use patterns bear little resemblance to the plan envisaged by 
Olmsted and Bartholomew. The metropolitan region today stretches 210 km from 
Oxnard in the west to Redlands in the east and 140 km from Santa Clarita in the 
north to San Juan Capistrano in the south. Some 18 million residents now call this 
region home and it is characterized by a series of enduring challenges related to em-
ployment, traffic, crime, pollution, fragmented natural resources and environmental 
goals, among others, that go unmet.

This state-of-affairs provided the backdrop for the second example: the Real-
ity Check Los Angeles event convened by the University of Southern California’s 
Lusk Center for Real Estate and the Greater Los Angeles Area Office of the Urban 
Land Institute in 2002 (see http://http://www.youtube.com/watch?v=-aHgIh6m3ns 
for additional details). This event gathered 250 politicians, policy-makers, plan-
ners and professionals from various domains. They spent a morning working in 
small groups to allocate new residents and employment opportunities specified in a 
future growth forecast on a series of specially prepared maps showing the existing 
distribution of settlement, economic activity and various kinds of infrastructure. 
These maps were collected and analyzed by a team of 12 GIS faculty and students 
in ArcGIS over the lunch break and used throughout the afternoon to delve into 
what the various groups had tried to accomplish and what would need to happen for 
their plans to be realized. This effort would not have been possible without modern 
GIS tools (how else could one have captured and summarized the results from 20 
separate tables and compiled the results in map form in 2 h), but in the end it suf-
fered the same fate as Olmsted and Bartholomew’s plan given that the designs did 
not lead (as far as one can tell) to tangible action(s) and there was little engagement 
with everyday residents.

The third and final example concerns the GreenVisions Plan for twenty-first 
Century Southern California project that was funded by a consortium of regional 
conservancies in 2004. This ambitious project, which focused on parks, open space, 
watershed health, biological conservation and restoration, was organized around the 
development and deployment of web mapping tools that local residents and citizen 
groups could use to help prepare funding proposals that would be submitted to 
one or more of these regional conservancies. The motivation of the funders, led by 
the San Gabriel and Lower Los Angeles Rivers and Mountains Conservancy, was 
to provide a platform that could be used by potential grant applicants to identify 
projects that would provide tangible benefits by adding additional parkland and 
open space in park-poor areas, improving watershed health, and/or providing new 
opportunities for the conservation and restoration of important flora and fauna. A 
web mapping platform was built—see Ghaemi et al. (2009) and Sister et al. (2010) 
for additional details—and used for one or two rounds of grant funding but ulti-
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mately this effort failed because the funding to support the mapping infrastructure 
disappeared as general economic conditions deteriorated and technology advances 
rendered the ArcIMS platform on which the application was built more or less ob-
solete.

The challenges highlighted by these examples point to the need to gather the sup-
port of those making decisions as well as experts and those whose everyday lives 
will be affected on the one hand, and the need to choose the geospatial technologies 
that are to be deployed carefully on the other hand. Fortunately, the emergence of 
the Web as a ubiquitous platform for analysis and communication offers new op-
portunities and ways of meeting the aforementioned needs, as indicated to varying 
extents by the three recent initiatives described below.

23.4 � Recent Examples: Getting It Right!

Several authors have spent considerable time clarifying the roles of experts and 
affected publics in participatory geodesign projects in the past few years. Good-
child (2010), for example, distinguished design and Design in which the former 
contemplates design as a simple optimization problem and the latter sees the pro-
cess complicated by varying goals among stakeholders, feedback loops that modify 
objectives, constraints and data as the process proceeds, and uncertainties about 
implementation. Spatial optimization models and spatial decision support systems 
provide just two of many possible approaches for solving geodesign problems giv-
en the first view of the world (e.g. Ghosh and Rushton 1987; Malczewski 1999; 
Jankowski and Nyerges 2001; Faiz and Krichen 2013). Steinitz (2012, pp. 198–
201), on the other hand, spent much of the final chapter in his influential book about 
geodesign describing how future geodesign projects will have greater involvement 
from the people of the place and will need larger numbers of more technically com-
petent people (i.e. experts) who will be forced to take more active roles, due to 
changes in political attitudes and information technologies. Figure 23.1 illustrates 
this particular view graphically and shows how: (1) each of the six stages in a typi-
cal “regional” scale geodesign project might be formalized as a model and sup-
ported by computational tools; and (2) the ways the people of the place, experts 
and conductors might be engaged at each stage. Goodchild (2010) offered a similar 
commentary and noted the need for new sketch and simulation tools to support 
geodesign as it is conceived here. The beauty of the second approach is that spatial 
thinking becomes second nature for many of the participants in geodesign.

Three initiatives can be used to show some of the progress that has been made in 
the past few years. The first example is the Trust for Public Land’s Greenprinting 
GIS-based service which provides a platform to help communities prioritize their 
park and conservation goals. The service utilizes GIS in a transparent mapping and 
modeling process and engages local residents and other stakeholders in a place-
based planning exercise. These tools have been employed many times to delineate 
the lands with the highest conservation value and to meet the diverse goals identi-
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fied by stakeholders, such as preserving ranchlands, protecting water sources and 
creating new parks. These services have been deployed by the Trust for Public Land 
in a series of collaborative greenprinting projects across the US that have brought 
more and better geographic information technologies to the task at hand and en-
couraged some additional public involvement in the planning and design processes.

The second example is SeaSketch (http://www.seasketch.org), a collaborative 
geodesign software service that is being used for marine spatial planning around the 
world. Using this service, individuals can: (1) specify their own geographic area(s) 
of interest; (2) upload existing map services from ArcGIS Online; (3) create and in-
vite users and groups to participate in their project(s); (4) define “sketch” classes for 
marine management zones; (5) create map-based discussion forums; and (6) create 
simple surveys to collect data on human uses of the ocean. The goal of marine spa-
tial planning has long been to achieve an optimal balance of marine resource use by 
reducing conflicts between users and maintaining ecological processes and the eco-
system services they support (Beck et al. 2009). SeaSketch can be thought of as the 
successor to MarineMap, a web-based platform for collaborative marine protected 
area planning (Merrifield et al. 2013) that was used to engage a large number and 
variety of stakeholders and delineate a series of new marine protected areas along 
the north-central California coast (Gleason et al. 2010). SeaSketch brings similar 

Fig. 23.1   Schematic showing how future, larger geodesign projects will also have greater involve-
ment from the people of the place and more technically competent people who will have to take a 
more active role. (Source: Steinitz 2012, p. 200)
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benefits as the first example and is especially noteworthy because it offers greatly 
expanded opportunities for Web-based stakeholder participation.

The third example is the “placemaking” concept promoted by the Project for 
Public Spaces (PPS; http://www.pps.org). PPS is a nonprofit planning, design and 
educational organization dedicated to helping people create and sustain public spac-
es that build stronger communities. Their pioneering placemaking approach is both 
an overarching idea and a “hands-on” tool for improving a neighborhood, city or re-
gion. It incorporates 11 key elements—(1) the community is the expert; (2) create a 
place, not a design; (3) look for partners; (4) you can see a lot just by observing; (5) 
have a vision; (6) start with the petunias: lighter, quicker, cheaper; (7) triangulate; 
(8) they always say “it can’t be done”; (9) form supports function; (10) money is not 
the issue; and (11) you are never finished—and combines both intangible qualities 
and measurable data in helping residents imagine new public spaces (Fig. 23.2). 
Founded in 1975 to expand on the work of William (Holly) White, the author of 
“The Social Life of Small Urban Places” (Whyte 1980), PPS has completed more 
than 2,500 community projects in 40 countries and in all 50 US states and trained 
tens of thousands of people per year so they can transform their own public spaces 
into vital places that showcase local assets, spur investment and rejuvenation, and 

Fig. 23.2   Schematic showing key attributes, intangible qualities and measurable data included 
in the Project for Public Space’s placemaking concept. (Reprinted with permission of Project for 
Public Spaces, Inc. © 2014. All rights reserved)
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better serve local needs. This particular example speaks to the previously noted idea 
of invoking design as a force for good and the kinds of benefits that would ensue 
if these approaches could be modified and used with Web-based map services and 
tools to imagine new places across a range of geographic scales (i.e. extents).

The three initiatives, taken as a whole, are valuable because they indicate the 
new kinds of collaborations among experts, stakeholders, and everyday residents 
that are now possible and point to some of the gains that we have made in develop-
ing and deploying the kinds of sketch and simulation tools that Michael Goodchild 
wrote about in his landmark article on geodesign (Goodchild 2010).

23.5 � Implications for Geodesign Education

The immediate challenge for educators is to plan and build programs that provide 
the spatial and systems thinking, collaboration, problem solving, experiential learn-
ing, and technical skills and experiences that geodesign professionals will need in 
the years ahead. Responding to this challenge, we have launched a new B.S. in 
GeoDesign degree at the University of Southern California. Viewed as a multidisci-
plinary program from the start, the collaboration is led by the Spatial Sciences Insti-
tute, housed in the Dana and David Dornsife College of Letters, Arts and Sciences, 
the planning faculty in the Sol Price School of Public Policy, and the architecture 
and landscape architecture faculty in the School of Architecture. The development 
of six learning outcomes supported by this new B.S. degree program follow more or 
less directly from the commentary and examples offered in the preceding sections:

1.	 Learn about the myriad ways in which places can be constructed, interpreted and 
experienced in different ways by different people (e.g. migrants, people of color, 
the elderly, the poor, teenagers, toddlers and working adults, among others).

2.	 Learn about the principles of design and how these can be used as a force for 
good in building healthy, livable and sustainable communities.

3.	 Learn how urban and regional planning provides a framework for promoting 
civic engagement and collective action.

4.	 Learn how geographically referenced data can be gathered and organized to sup-
port a large number and variety of collaborative projects.

5.	 Learn how geospatial data can be analyzed, modeled and visualized to inform 
design and planning and by doing so, support public participation and urban 
development.

6.	 Learn how form and function co-exist and evolve in urban settings and how 
globalization connects near and faraway places and actions.

Given these learning objectives, the program starts with a series of spatial classes 
that use geospatial technologies to build spatial thinking competency and then grad-
ually integrates design and planning classes in the mix so our students can focus 
their time and energy on future challenges and see all that they do as a force for 
good in the world (Fig. 23.3). Some of the design classes place students in the field 
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so they can learn first-hand how “form” and “function” work together and both the 
GIS and design classes utilize a mix of labs and studios in specially designed and 
dedicated learning spaces to promote skill development, teamwork, and collabora-
tion. The planning classes, in turn, provide a series of pathways and protocols for 
combining collective and individual action to accomplish measureable and lasting 
change in the world. The capstone studio will be taught by faculty from the three 
contributing schools and will involve students working with real-world clients to 
solve one or more real-world problems.

PRE-MAJOR COURSES (8 UNITS)

ECON 203  Principles of Microeconomics
MATH 116  Mathematics for the Social Sciences

CORE COURSES (40 UNITS)

SSCI 301  Maps and Spatial Reasoning
ARCH 203  Visualizing and Experiencing the Built Environment

PPD 227  Urban Planning and Development
SSCI 382  Principles of Geographic Information Science

ARCH 303  Principles of Spatial Design I
SOCI 314  Analyzing Social Statistics

PPD 417  History of Planning and Development
SSCI 401  Spatial Science Practicum

ARCH 403  Principles of Spatial Design II
PPD 425  Designing Livable Communities

MAJOR ELECTIVES (20 UNITS FROM GROUPS A & B)

GROUP A  BUILT ENVIRONMENT (8-16 UNITS)

ARCH 361L  Ecological Factors in Design
ARCH 432  People, Places and Culture: Architecture in the Public Realm

HIST 347  Urbanization in the American Experience
POSC 363  Cities and Regions in World Politics

PPD 410  Comparative Urban Development
PPD 420  Environmental Impact Assessment

PPD 461  Sustainability Planning
SOCI 331  Cities

GROUP B  DESIGN, ANALYSIS & COMPUTATION (8-16 UNITS)

ANTH 481  GIS for Archaeology
ARCH 307  Digital Tools for Architecture

ARCH 370  Architectural Studies, Expanding the Field
FADN 102  Design Fundamentals

HIST 493  Quantitative Historical Analysis
PPD 306  Visual Methods in Policy, Management, Planning and Development

PPD 427L  Geographic Information Systems and Planning Applications
SOCI 365  Visual Sociology of the Urban City and Its Residents

CAPSTONE (4 UNITS)

SSCI / ARCH / PPD 412  GeoDesign Practicum

Fig. 23.3   Schematic showing the preferred pathways students would follow to complete the Uni-
versity of Southern California’s new B.S. in Geodesign degree
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The overarching focus of this new geodesign degree is on placemaking, as con-
ceived and promoted by the Project for Public Places (Table  23.1). The role of 
scale is highlighted throughout the program and the need for more sophisticated 
analytical and modeling approaches is introduced in both the core courses and in a 
series of electives that introduce and teach new skills and perspectives (Fig. 23.3). 
We realize that we cannot simultaneously train these new geodesign majors to be 
experts in architecture, computation, engineering, environmental design, geospa-
tial technology, mathematics, science, and urban planning, and that the new B.S. 
degree will be a stepping stone for many of our students. With this in mind, we 
anticipate that some of our graduates will go directly to careers in environmental 
planning and design firms, in various government departments, and that others 
will go on to complete master’s degrees in environmental science, geographic in-
formation science & technology, landscape architecture and planning, among oth-
ers, before embarking on geodesign careers spread across the public, private and 
non-profit sectors.

The benefits of studying geodesign at the undergraduate level follow from the 
broad and deep introduction to design, planning and spatial sciences provided by 
this path and the opportunity for students to utilize this new knowledge and the 
accompanying skills to help clarify their future career and educational aspirations 
and needs. The reverse pathway (i.e. taking one of many undergraduate degrees 
and then a master’s degree program in geodesign) relegates spatial thinking and 
the accompanying geospatial technologies to the role of Band-Aid in which spatial 
thinking and the accompanying geospatial technologies are introduced immediately 
prior to graduation. A much broader and deeper engagement with spatial ways of 
thinking are enabled by the B.S. degree in Geodesign.

Table 23.1   List of characteristics that are part of and not part of placemaking as envisaged by the 
Project for Public Spaces (PPS; http://www.pps.org)
Placemaking Is … Placemaking Isn’t …
Community-driven Imposed from above
Visionary Reactive
Function before form Design-driven
Adaptable A blanket solution
Inclusive Exclusionary
Focused on creating destinations Monolithic development
Flexibleof the car Overly accommodating
Culturally aware One-size-fits-all
Ever changing Static
Multi-disciplinary Discipline-driven
Transformative Privatized
Context-sensitive One-dimensional
Inspiring Dependent on regulatory controls
Collaborative A cost benefit analysis
Sociable Project-focused

A quick fix
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No matter what the path chosen by our graduates, our hope is that some will 
grow into “conductors” and others will serve as “soloists” (as described in Steinitz 
2012) and that all will help us to discover and implement future ways of living that 
are both rewarding and sustainable following some of the examples published in Yu 
and Padua (2006), Hou (2010), and McElvaney (2012).

23.6 � Conclusions

This chapter has painted geodesign as an interdisciplinary field with five important 
and distinguishing characteristics: a focus on spatial thinking, geospatial technolo-
gies, the future, design as a force for good, and multi-disciplinary collaboration. 
Several examples were introduced to trace the evolution of the geodesign concept 
and to highlight some of the challenges that derailed early “geodesign” projects. 
The important role of the Web as a global platform and why this may be an ideal 
time to accomplish meaningful and lasting change were explained with the help 
of three recent geodesign initiatives. The Web provides a ubiquitous analysis and 
communication platform with the potential to transcend scale (i.e. move seamlessly 
across multiple geographic extents) and incorporate a multitude of voices and view-
points in planning and decision-making workflows. The ways in which these afore-
mentioned characteristics and a series of both early and recent examples have been 
utilized to guide the development of a new B.S. in Geodesign degree at the Univer-
sity of Southern California were briefly introduced and used to highlight some the 
challenges universities are likely to face as they work to create and sustain success-
ful geodesign degree programs in an education setting in which disciplinary silos 
are still the norm and we are continually challenged to do more with less. My own 
hope is that this new degree will offer a vehicle to teach how spatial thinking can 
help to build vibrant and sustainable communities and lifestyles in the years ahead.
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