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Preface

The 10th Urban Environment Symposium (10UES) was held on 9-11 June 2010
in Gothenburg, Sweden. UES aims at providing a forum on the science and
practices required to support pathways to a positive and sustainable future in the
urban environment. The UES series is run by Chalmers University of Technology
within the Alliance for Global Sustainability (The AGS).

UES was initiated by Professor Ron Hamilton at Middlesex Polytechnic (now
University) in the early 1980s under the title “Highway Pollution”. The initial
aim was to measure and assess challenges in highway pollution, with a strong
emphasis on urban photochemical smog, ozone formation and particle release.
After the first symposium, the emphasis on air pollution issues continued through
to Munich in 1989 where diesel particulate issues and the relevance to health
through measurements of PM10 emerged. The focus on air quality issues was
also strengthened by the co-organisation of the symposium with Professor Roy
Hamilton at the University of Birmingham from 1986 to 1998. In parallel, the
symposium started to receive an increasing number of scientific contributions
from the area of urban run off, indeed to the extent that the title of the sym-
posium was changed to “Highway and Urban Pollution”. Also at this time the
importance of science in support of policy was emerging as a key aspect of the
symposium.

The 8" edition of the symposium was marked by an organizational change with
Chalmers University of Technology taking over the organization of the
symposium. At this stage, we decided to evolve the name of the symposium to
“Highway and Urban Environment” (HUES) to provide a positive view of the
challenges in the urban and roadside environment. That said, papers addressing
pollution issues remain a central part of the symposium as they help to raise
awareness around the issues to be solved. For the first time, the proceedings of
the symposium were published as a book in the AGS book series. This continued
at 9HUES in Madrid in June 2008.

The 10" edition of the symposium was hosted at our home university,
Chalmers University of Technology in June 2010. The 10" symposium was marked
by a further evolution of the name, with the term “highway” being dropped. With
this change, we hope that the name of the symposium will better reflect its aim.

We would like to take this opportunity to thank all who have contributed to the
success of 10UES. We would especially like to acknowledge Alexandra Priatna
and Jessica Olausson at Chalmers’ AGS office whose organizational skills were
essential to the success of this symposium.

The next symposium, 11UES is planned for September 2012 and will be held
in Karlsruhe, Germany in collaboration with the Karlsruhe Institute of technology
(KIT).

Goteborg, Sweden Sébastien Rauch
Gregory M. Morrison
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SUSTAINABLE URBAN DEVELOPMENT AND URBAN
PLANNING



Transport and environmental regulation — common
attitudes and social change

Abdelhamid Abidi

IRSTV - FR CNRS 2488, Ecole Centrale de Nantes, BP 92101, 44321 Nantes,
France

Abstract

Since the Kyoto protocol in 1997, signatories States attempt by
appropriate policies to restrict the traffic in urban space, considered as the
first source of greenhouse gas emissions. On the scale of metropolises, the
elected representatives borrowed in this policy and the organizing
authorities of the transport, elaborate limitative measurements to show
their environmental policy. The main stake of environmental policies is
the social acceptability. Or, the behaviour change, depends of collective
social attitudes, are produced in a comparatively long process. Two
approaches are in work in the urban field and especially about urban
transportation. The first approach is more technical. It arrests urban
policies as being plans of action in a shorter time scale. It leans more on
technical choices as main support of urban policy. The second heads
rather with the sociological and cultural dimensions of urban phenomena.
It takes into account social links, social organization and specific cultural
values in every society or a community. Both approaches crystallize
academic scientific disciplines dividing up between, the sciences of
environment and engineer on the one hand, and human and social
sciences of other one. Our objective is to show foundations and borders of
both approaches and try to reconcile both acceptations in what we call
interdisciplinary approach.

Introduction

The environmental question is in the centre of public policy and public
attention. It has become an important paradigm structuring the political,
scientific and social spheres in the last three decades. We fear for our
common future (natural resources, atmospheric pollution, physical and

S. Rauch and G.M. Morrison (eds.), Urban Environment: Proceedings of the 10th 3
Urban Environment Symposium, Alliance for Global Sustainability Bookseries 19,
DOI 10.1007/978-94-007-2540-9 1, © Springer Science+Business Media B.V. 2012
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mental health of world inhabitants...). This context has an effect on
regulation tools in the urban space. In the field of transportation, of
sorting of waste, of production and consumption of goods, of managing
natural resources, we attempt to pay more attention to our natural
environment in order to respect it. While most solutions have a technical
dimension, they are conceived without taking social acceptance into
account. We design solutions before looking for a social consensus. It is
evident that our entire technical and material environment depends on us
joining in the process and adopting it. The success of any public policy
means adhesion of social forces. This paper focuses on the analysis of the
gap between the two spheres, social logic and technical logic and their
fundamentals. The field of research is urban transportation.

Environment and urban mobility

In spite of the close link between economic and social development and
the increase of travel, the transportation sector is responsible for nearly a
third of greenhouse gasses (GHG) emissions which are increasing rapidly.
Emissions of carbon dioxide (CO2), the main greenhouse gas (GHG)
produced by the transportation sector, have steadily increased along with
the travel, energy use, and oil imports too. Urban transport policy aims at
creating sustainable urban mobility through legal tools and technical
solutions. The investments increase progressively so as to develop a
public service in urban transportation. In France, some of these measures
are part of what we call a PDU or urban transportation plan. Cities with
more than 100 000 inhabitants must elaborate this PDU in which they
commit themselves to reducing their GHG emissions by reducing the use
of personal vehicles and encouraging the use of public transportation
modes (bus, tramway, train...). These goals reveal a proactive aspect in
sustainable development policy. Urban mobility means that transportation
must respect the objectives of sustainable development. We give some
examples of investments such as adjusting the layout of urban roads (one
way/two way roads), developing toll urban parking, social pricing of
tickets, creating new tramway lines...

The social challenge

The principal challenge of this policy, via such as tool as the PDU, is to
encourage city dwellers to do without the personal car and to use more
public transport. Most PDUs were developed and approved in the past
decade (2000-2010). Since the “solidarité et renouvellement urbain”
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(SRU) law [1], the evaluation of a PDU is an obligation. The authorities
in charge of organising urban transportation are obliged to carry out an
environmental assessment to see if their policy reached the objectives of
reducing the emission of greenhouse gas and if there are more users of
public urban transportation than before or not'. However, scientific
reports on these evaluations, have pointed out the difficulty of demon-
strating systematically a relationship between urban transportation policy
and environmental goals. At the same time, the car is still the most
important mode of transport within the urban space.

Despite the proliferation of restrictive measures and tools for the
regulation of car use in cities, the results of these policies remain below
the expectations of organizing authorities and experts in urban transport-
ation, in terms of ambition for better protection of the environment and in
particular of reducing emissions of greenhouse gases. In several recent
studies, it was shown that personal vehicles remain the dominant mode of
travel in the city compared to all other modes. This negative assessment
puts into question the effectiveness of public policies in urban transport
linked to the objectives of “sustainable mobility”. Some “politically
manufactured” statistics show some evolution in the practices relating to
the use of the car but this does not reflect a significant change. The
dilemma of urban transportation policy is the gap between aims and
results. Our hypothesis in this article is to explain this gap by the
fundamental opposition which exists between the technical logic and the
social one.

Background of policy makers

The urban transportation policy is designed according to a purely
technical logic from a fundamental idea: rational choice theory. The
rational choice theory is based on the rule of the rational individual.
According to this approach, individuals are rational actors and act as if
balancing costs against benefits to arrive at action that maximizes
personal advantage. Indeed, social action is explained in terms of the
rational calculations made by self-interested individuals. The rational
choice theory sees social interaction as social exchange, modelled on

! For example the Eval-PDU project (2009-2012), financed by the National Agency of
Research (ANR). The project objective is to develop an optimized methodology to assess
the environmental impacts of urban mobility plans (UMP, in French PDU), taking into
account their social and economic consequences. With an interdisciplinary approach, the
scientific researchers elaborate together indicators to measure the policy and the goals in
an environmental dimension.
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economic action. People are motivated by the rewards and costs of
actions and by the profits that they can make. With this approach, the
rational choice theory cannot explain the origins of social norms,
especially those of altruism, reciprocity, and trust. This theory did not
cease showing its limits vis-a-vis the weight of social determinants such
as age, status, social position but also social structure. Any individual is
registered in one social organization, having a particular trajectory and
carries the characteristics of his social origin but also of their own past
experiences. This inscription in the body and the spirit, of the standards,
the values and the cultural and these religious precepts, plays an
important role in our daily choices. About the collective behaviour, we
are faced with diverse kinds of non rational actions. How we can say that
social attachment to a car, observed in many cities and different societies,
is the sum of rational individual behaviour? Sociologists considered that
the individual is modelled by society as well as these manners of view are
socially constructed in a long process beginning at birth. Norbert Elias
wrote his famous essays: The society of individuals and he argued that
individual interiorized constraints and differentiation of society do define
the behaviour of individuals.

But on another side, we can say that individuals today, in era of more
of freedom, of new technologies of communication and information, of
less of social control, more choice and chance, have the possibility to do
what they like. Some contemporary sociologists note that “the society”
does not determine any more the social conduits as straightforwadly
as before. Society is more fluid and less rigid in the structures which
compose it [2]. Therefore, social acceptability is not guaranteed. All
social adhesions are produced within a social process. It’s not possible to
have social acceptance automatically because it is a collective action. The
urban sustainable mobility is a new kind of society here all categories act
jointly. It is a collective social consensus. It is not possible to assume that
a new tramway line will have the same social sense in different cities or
in different kinds of societies. The social uses of techniques are
determined by social culture and social history. It depends on social
representations of the technical environment. If the car in some societies
is just a way of going from one place to the next, in other societies it is a
way to show social status. Indeed, we can’t have the same consequences
for a given public policy. Michel Crozier titled his famous book We can’t
change society with a decree [3].
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Rational and non rational actions in sociological theory

The social rational or irrational behavior is at the heart of sociological
theory. If we examine Weber’s theory, there is a different kind of social
action whose reveal different fields of references. Weber’s emphasis on
the subjective meaning that actors attach to their action implied an
individual focus, often described as action theory. He distinguished four
ideal types of social action: traditional action, justified as a repetition of
the past; affective action, geared toward the expression of emotion; value-
oriented action, in which the performance is taken as an end in itself; and
instrumental action or means—ends rationality, in which actors pursue
their economic or other interests. Any specific action might involve one
or more of these rationales [4].

In Bourdieu’s theory [5], concept of habitus®* means all unconscious
and sustainable dispositions accompanying each individual from birth to
death. Each individual interiorize these dispositions, in socialization pro-
cess, in response to objective conditions within which he lived. A large
part of the concept of habitus is that it brings attention to the fact that
there are limitless options for action that a person would never think of,
and therefore those options don’t really exist as possibilities. In normal
social situations, a person relies upon a large store of scripts and a large
store of knowledge, which present that person with a certain picture of the
world and how she or he thinks to behave within it. A person’s habitus
cannot be fully known to the person, as it exists largely within the realm
of the unconscious and includes things as visceral as body movements
and postures, and it also includes the most basic aspects of thought and
knowledge about the world, including about the habitus itself.

Then we can act for other reasons which are not rational. The religious
actions like example. Some of our daily reactions are linked to love or
hatred in fact related to our emotions. If the rationality it means the
interest, this interest not systematically economic, it may be symbolic,
social or religious. If we applied this approach in the field of transport-
ation policy, we can explain the social resistance who’s appears as non
rational. But there is others rationalities characterizing the choice of
modes of moving. Indeed, the hypothesis that public transportation it is
accepted by all social categories is not evident. Many people are more
attached at their car than public transportation mode. The personal vehicle

2 Habitus is defined as a “system of sustainable and replicable rules, structured structures
arranged to function as structuring structures, that is to say, as a principle generating and
organizing practices and representations that can be objectively adapted to their purpose
without assuming conscious aiming for express and control operations necessary to
achieve them”.
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guarantees freedom and comfort. The individuals are very attached at
comfort of their lifestyle and conceive the car as private space in which
they realizing their personal freedom. Indeed, use car not automatically
the alternative of absence of public transport. This social phenomenon
reveals the attachment to the car as tool permitting more comfort and
flexibility in daily travelling. Therefore, the fundamentals of social action
and the goals of urban transportation policy are not coherent. We will see
in following lines how the two logics are different.

Technical logic and social logic

The main important objective of sustainable mobility is to encourage
urban people at using more public transport. Then the principal stake is to
change society, change social behaviour. We hope so that all these
investments going to make urban transport conditions more favourable to
urban mobility and in fine give up personal vehicles. The investments
have mostly a technical nature. Reducing urban space for parking car,
modified road direction or created a new tramway is a technical change.
We can ask now if it is possible to change society justly with technical
innovations.

Anthropologists of techniques such as Robert Creswell [6] demon-
strated that is possible after introducing a new technical process to
produce social change. On the other hand, the opposite is possible: social
change may have effects on the technical system. But the nature of social
change is not known before. We can’t program the social change. It
depends of the effect of technical innovation: the scale of innovation, the
social organization system, the social culture, the technical level and
social history of inhabitants. Jean-Pierre Digard, anthropologist of
techniques too, said that “The technical facts thus are by no means
isolated but belong to a coherent technical system, itself not separable
from a social and cultural unit broader, whose study requires the contest
of several disciplines, in the forefront of which obviously, ethnology and
linguistics appear” [7]. Therefore the technical change can trigger a social
change as well as the social change can trigger a technical innovation.
There is a dialectic relation between social structure and technical
structure. We note too that the technical change is on a much shorter scale
while the social change occurs on a longer scale.
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Societal change, how?

In sociological theory, there are two tendencies to explain social change.
Firstly a holistic approach which considers that social change is a global
and radical project: the French revolution as example of social movement,
or as the labour movement for Marx, Dahrendorf or Touraine. For Alain
Touraine [8], the social change is a society project born out of and carried
by a labour movement. Changing society is a collective action with
common goals. We call this approach, holism. We consider that the
characteristics of collective action are different from the characteristics of
individuals.

The second approach focuses on individual action. It considers that
social change is the effect of the sum of individual actions. The paradigm
of this approach is the one of methodological individualism. In the broad
sense, one can characterize the methodological individualism by three
proposals which postulate that:

- Only the individuals have goals and interests (principle of Popper-
Agassi).

- The social system, and its changes, result from action of the
individuals.

- All the socio-economic phenomena are explainable in the terms of
theories which refer only to the individuals, with their provisions,
beliefs, resources and relations.

If we refer to the first theory, today we can’t mobilize a large part of
population to be more sustainable in their moving practices. In spite of the
fact, there are tendencies such as movements against global capitalism or,
for example, local associations of producers of organic products having a
controlled designation of origin (AOC, appellation d’origine contrdlée).

If we use the second approach, through what means we can change
social behaviour? Individuals are the base of society but they are radically
different. Society is composed to a diversity of social positions. The
working classes do not have the same conditions as middle classes who
are different from those of upper social classes. The individual behaviour
is closely linked to his social and economic conditions. The response of
individuals’ vis-a-vis public policy is different because their conditions
are specific. In fact, individual response to public policies is never
systematic.
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Then, the systematic effect of transportation policy on social behaviour
isn’t evident. This conception applied in the social sphere comes from the
sciences of nature. In this sphere of knowledge, the techniques are
supreme form of rationality. The social phenomena are of another nature.
We can not submit it to a formal rationality as well as we can not be
programmed their directions. We can not change society only if work of
social mechanisms, and we can not explain what is social only by what is
social, as Durkheim said [9].

Ecological culture and contemporary consumerism

In the contemporary world, individuals are socialized according to a
model characterized by the following elements:

- Hedonism: research of all kinds of pleasure.

- Comfort: Less effort and more rest.

- Freedom of circulation: moving usually in space and in time like
holidays, journey and recreations. ..

- Consumption freedom: property of goods, eating different kinds of
food, clothes according mode.

- Individual interest before the collective interest: exacerbates
individualism.

- A global culture of consumerism which more rooted by following
means: cinema, publicity, mass media, school, new technology of
communication and information...

Jointly to this collective culture of consumption which is very recent in
history, we add another fundamental element of modernity: freedom. We
compare societies with this criterion of freedom of persons. Democracy is
based on freedom. Without freedom, capitalism can’t maintain his global
domination. I'm free to do what I like and when I like. Therefore,
individuals and social groups have become very attached at a standard
lifestyle which is characterized by a culture without constraints and with
more hedonism. There is a social consensus which legitimates the
collective aspiration at having this life mode. Consumerism is the myth
that the individual will be gratified and integrated by consuming. It offers
the tangible goal of owning a product, and offers only short term ego-
gratification for those who can afford the luxury and frustration for those
who cannot. For many individuals taking public transportation, they don’t
own a car because their low income. Usually they belong to popular
classes.
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We need to introduce a new social culture that we will call: ecological
culture. The notion of Ecological culture is the sum of collective values
which model the social conduits so as to respect the natural cycles and the
natural resources. This ecological culture means practicing self-control, a
limitation of consumption, less comfort for individuals and less freedom.
Therefore, we will be in the age of the global culture of frustration which
is the opposite to the global culture of hedonism. This is the political and
social challenge today to protect the future generations’ interest. As well
as the global culture of hedonism resulted from social mechanisms and of
a specific socialization, the new ecological culture has needs innovation
to socialize models which focus on awareness about our common future
and the preservation of natural resources.

Conclusion

It appears from the above that the technocratic logic can only succeed if it
is accompanied by a social acceptance or even a total adhesion of all
social categories. However, this social consensus is not the work of
political institutions or voluntary associations, in spite of their important
role in creating greater social awareness of acute environmental problems.
It is the result of a long-term socialization of younger generations. Social
resistance to fully engage in a more ecological and sustainable culture is a
tangible reason of rooting of this lifestyle characterized by hedonism and
consumerism socially shared.
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Abstract

The project objective is to develop an optimized methodology to assess
the environmental impacts of urban mobility plans (UMP, in French
PDU), taking into account their social and economic consequences. The
main proposed methodology is based on a systemic approach: multi-
factor (air quality, noise, energy consumption, greenhouse gas emission)
numerical simulations with a chain of physically-based models, based
on alternative and comparative scenarios. The social and economic
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consequences of these alternative simulations are assessed by means of
econometric models. Two alternative approaches are explored: (i) the use
of composite environmental indicators to correlate the sources to the
impacts, especially health impacts, and (ii) the analysis of sample surveys
on what makes inhabitants’ quality of life, well-being and territorial
satisfaction and on citizens’ behavioral changes linked to transport offer
changes.

Context

Mobility is at the heart of the stakes for urban sustainable development
and transportation policies that are set up in cities increasingly incorporate
environmental components. Urban mobility plans are, in France as in
most European countries [1], an essential tool of urban mobility policies.
Their environmental features have received increasing attention during
the last decade, so that environmental impacts assessment of the mobility
plan actions is now compulsory.

The research program Eval-PDU was launched from the request by
Nantes Métropole, the community of communes of the Nantes urban area,
for a methodology allowing to assess jointly the various environmental
impacts of the actual (2000-2010) urban mobility plan (UMP) and of the
future plan (2011-2020), taking into account their social and economic
consequences. This situation is a good illustration of the need of local
public authorities for rigourously based tools to assess a series of impacts
(air quality, noise, ...) effectively associated with various actions (or
groups of actions) they lead. Beyond the monitoring of objective
indicators, it is a matter of understanding and quantifying a cascade of
physical and social causalities and, further, its consequences for the
quality of life and its perception by the inhabitants. The need concerns as
much ex post evaluations of what has already been done, as ex ante
evaluations of what is being planned. A first one-year research-action
grant with Nantes Métropole allowed to imagine the main features of the
methodology and to build up consequently the project research team.
Since January 2009 the program is funded for 3 years by the French
national research agency (ANR) within its “Sustainable cities” program.

A priori, the proposed methodology is based on the assumption that
quantitative environmental impact assessment require alternative, com-
parative simulations with physically-based numerical models of air quality
(pollution emissions and dispersion), noise generation, energy consump-
tion and greenhouse gas (GHG) emissions. For a joint assessment of these
different environmental compartments, the simulations must be based on
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the same situations, hence on a common description of the transport
traffic — this requires (i) a multi-modal traffic numerical model allowing
to represent the actual traffic flows and their counterparts in alternative,
hypothetical situations, and (ii) a full description of these alternative situa-
tions or scenarios, compatible with each of the involved numerical models.
The social and economic consequences of the environmental impacts are
to be assessed by econometric model calculations based on the results of
the physical process simulations.
This approach raises a large number of methodological questions.

* About scenarios and data: What is the pertinence of alternative
scenarios to render the changes generated by the UMP? Is-it possible to
define different situations “everything else identical”? Can they be tran-
slated into coherent data sets? What is the availability of these data, which
are necessary to run the various models? Especially in the case where the
UMP “starting point” has not been defined in advance?

* About the physical process simulations: In the present state of
urban transport modeling methods, is a multimodal model able to tran-
slate the different scenarios in significant changes of vehicle fluxes and
travelled distances? Are multi-factor simulations possible with several
mono-factor models? Considering the data and modeling uncertainties,
will the simulation results be significant?

* About the consequence analyses: Can the simulation results
be combined in an integrated assessment? By means of composite
indicators? or by “socio-economic” analyses? Are the health impacts
identifiable and quantifiable or masked by non-environmental influences?
Are the social and economic consequences of environmental impacts of a
lower order of magnitude than the direct social and economic impacts?
Can they be evaluated in terms of well-being and satisfaction of UMP
actions without a full economic computation of the whole UMP?

» About the methodology itself: Is-it possible to shorten the long chain
of numerical models by using integrated, composite indicators relating the
sources (transport fluxes) to the impacts (air quality, nuisances, human
health) based on empirical correlations? What is the value of citizen’s
sample surveys on mobility and behavioral changes in response to mobility
offer changes and, since they are more easy to launch by territorial
authorities, could they be an efficient alternative?

Project structure

The main approach is based on multi-factor numerical simulations (air
quality, noise, energy consumption, GHG emission) representing a set of
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alternative scenarios (with/without, before/after) rendering the changes in
the citizens mobility over the metropolis area generated by UMP actions.
These environmental impact simulations require input data sets, among
which the emission inventories by the traffic of the different types of
transport. Maps of the traffic fluxes are provided by a geographically-
based multi-modal traffic model, whose main part is road traffic which is
the key of the environmental stacks. The traffic intensities on the rails and
road/street segments are the linear sources in the noise calculations.
Combined with an engine emission model, they allow to compute energy
consumption and emission inventories of regulated air pollutants and
GHG. A urban pollutant dispersion model takes into account the meteoro-
logy interactions with the urban morphology to evaluate and map the
pollutant concentrations and exposures.

The outputs of these numerical model simulations are the inputs of
social and economic consequence calculations. The impacts of air quality
and noise are computed on two types of socio-economic indicators:
(1) well-being and declared satisfaction indicators, extracted from a survey
of 1500 ad-hoc questionnaires to a representative population sample on 8
different districts; (ii) property values of housings, spatially correlated
with the transport system main features. Econometric methods are further
used to isolate the influence of environmental factors from those of other,
preponderant factors.

Two alternative approaches are also explored, aiming at skipping all or
parts of the numerical model chaining while keeping the capability of
analyzing the processes from the socio-economic point of view. The first
method, based on the works of COST action 356, consists in designing
composite environmental indicators which correlate the sources and the
impacts, i.e. the different transport mode intensities and the environ-
mental quality indices; this method will be especially developed for
assessing the health impacts, and compared to the results of the previous
method. The second alternative approach consists in evaluating the
environmental consequences of the changes in citizens’ behavior linked
to key UMP actions, from another survey among specific inhabitants
especially concerned with these actions, by identifying their individual
adaptation strategies to the variations in transport offer.

The program includes a large amount of result analysis and experience
feedback in view of (1) applying the assessment methodology to the
special case of Nantes urban area actual and future plans, (2) revising and
optimizing the proposed methodology, (3) taking into account the
knowledge obtained from the alternative approaches.
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The research program is composed of 11 main tasks: project coordi-
nation, construction of alternative scenarios representing UMP actions
and methodology optimization, data flux management and storage in a
common geographical information system (GIS), multi-modal mobility
modeling, simulation of pollutant emissions, GHG and energetic con-
sumption, simulation of air quality, simulation of noise propagation and
impacts, socio-economic assessments by econometric and well-being
models, assessment by composite indicators, assessment of environmental
consequences of the induced changes in citizens’ behavior. These tasks
are structured into 8 task packages according to their nature and the
participation of the eleven research groups.

Coordination, construction of the methodology and scenarios

Coordination

The first task consist in the usual management of the program, including
relations with the ANR funding agency, inter-teams and external
communications (web, meetings, presentations and publications), and the
coordination of the advancement of the different tasks. This last part is
especially delicate due to the chaining of the successive modeling tasks
and to the relatively large number of young scientists specifically hired
for the program. Internal reporting is very important in such a program
where several tasks are strongly inter-dependent. The task also includes
coordination with Nantes Métropole, which is presently involved in its
UMP assessment and revision, and which is the main provider of input
data to the research program. Finally it includes coordination with other
associated researches as, e.g., a series of student works on the relation-
ships between the UMPs and other local territorial plans for air quality
protection, climate, noise protection, ground occupation, and development
schemes, and on the “environmentalization” of rules and instruments of
urbanism and land law.

Methodology construction and optimization

The construction of the proposed methodology is a continuous task, from
the program start since it is necessary to define the research work, until
the end since an optimized methodology is the expected result of the
works. A preliminary version will be first established, based on the
situation of Nantes Métropole. A further analysis of its assumptions,
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principles, difficulties, drawbacks, ... will be pursued during the course of
the researches, with the aim of adapting the methodology to other urban
areas. An optimized version will finally be drafted based on the results
and returns of experience of the other task groups.

The task includes first an in-depth analysis of the previous examples of
French and foreign UMP assessments, as well as of the relationships
between the principles behind the design of the mobility plan of Nantes
Métropole and their translation into actions on the transport network.

These actions cover a very large range: infrastructures, parking, urban
toll, traffic restrictions, public transport, eco-driving, multi-modal
information ... They are categorized as a function of their time-space
scales, their mechanisms (actions on behavior, traffic, modal split, prices),
and the importance of their expected environmental impact, for selecting
the different assessment methods, measurement tools, and pertinence for
the urban mobility management.

In the final phase, the experience gained by the different task groups
will be integrated to optimize the proposed methodology and to adapt it to
either the ex-post assessment of achieved plans or ex-ante assessment of
the expected impacts of plans in construction.

Construction of alternative scenarios representing UMP actions

The alternative scenarios are a key to the joint multi-factor impact
assessment. For ex-post assessments, they must express the main features
of the actual transport system and offers, and those they would have if the
UMP actions had not been realized. This implies to select the data sets
which define a reference situation “before” the UMP and to imagine the
values of these data in situations “without” the UMP but taking into
account all the changes which are not related to the UMP actions as, e.g.,
gas and energy price variations, urban sprawling, local and national
economic transformations ... Furthermore these data sets must be
effectively available for the representative time horizons, e.g. just before
and after the period of the plan, or a reconstruction method must be
designed.

This task objective is to formulate the methodological principles of
construction of alternative scenarios for environmental impact assessment.
These principles are further applied to the main actions of Nantes UMP,
and their feasibility and effectiveness are analyzed. In a further stage, the
additional assumptions which are necessary to define the model input data
sets will be explicitly described.
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The chain of physical process models and data flux
management

Data acquisition, repository and GIS

The data flux is an important key of the proposed methodology since
many model inputs are some outputs of the previous calculations. The
uniqueness and/or coherency of input data is also a key of the joint multi-
factor assessment. All the data obtained from external sources are stored
in a common repository geographical information system based on
the open source platform OrbisGIS developed by IRSTV for urban
researches. Further, all model outputs are stored in this GIS prior to their
further use as inputs of other models, ensuring spatial coherency and
quality control.

The common GIS construction includes a spatial semantic, definition
of common mapping modes, adapted geo-statistical calculation and
representation tools. It allows direct comparison, superposition, and
fusion of results from the various tasks. It is also a powerful tool for the
presentation of the program results.

Multi-modal mobility

The model calculations include two parts: transport offer and transport
request.

The multi-modal traffic software VISUMis used to compute the traffic
over the road and public transport networks. The calculation domain has
an area of 2242 km?*; 300 traffic zones have been defined with a grid
density increasing towards the city centre. The simulation includes
explicit calculation of inter-zone traffics over 4100 street segments (2300
km, i.e. 25 % of the total) and calculation with an implicit method for
intra-zone traffics. It separates heavy duty (HD) and light duty (LD)
vehicles, computes transport by trains, trams and buses over the whole
network, and includes free and toll parking possibilities, including modal
exchange P+R, but not bikes and motorbikes. Modal split procedures
involve walking courses.

The model calculations are driven for 4 periods of the average week
day: morning peak (7-9 am), evening peak (57 pm), night (8 pm — 6 am)
and the rest of the day. Long term integrations thus require weighting
factors for vacation periods and week-ends. The model outputs are traffic
densities, fluxes and speeds over the segments, journey times and costs as
a function of transport mode and population type.



22 P. Mestayer et al.

The reference situation for transport request is the transport-population
sample survey of 2002 over the metropolitan area, completed by regional
social and economic data bases estimated for the same year. These data
are analyzed with the software VISEM to produce origin-destination
matrixes, using transportation times calculated by VISUM. New
simulations will also be run for 2008, based on the data from a national
survey and local counting, with various options and scenarios.

Noise propagation and impacts

The noise propagation calculations are based on the equivalent point
source method where each actual source is modeled by one or several
(engine, wheels) point sources characterized by a sound spectrum, a
height and a directivity. The calculations are limited to light vehicles and
trams in the first stage, then extended to buses and eventually to
motorbikes (which are not well documented yet). Street and track
segments appear as lines of point sources function of traffic intensity and
vehicle types.

The propagation calculations include direct, reflected and diffuse com-
ponents, towards a regular grid of virtual receptors. They are implemented
as a plug-in within OrbisGIS, allowing to handle the sources, the cal-
culations, and the representation of results with a unique software.

The results are maps of integrated indicators as, e.g. the equivalent
continuous sound level Leq, for standard periods of time in the days.

Pollutant emissions and energy consumption

The emission inventories are computed with two methods in parallel,
COPERT 4 and ARTEMIS, which have been developed by the European
Environmental Agency and the European DGTREN, respectively [2].
COPERT 4 is based on a collection of standard emission factors for the
different classes of vehicles, propellants, loads, speeds, for a large number
of pollutants [3]. Adjusted to the French vehicle fleet, and applied to the
traffic cadastres they are used here to compute the emissions of CO, NOx,
NMVOCs (incl. Benzene, Toluene, Xylene), formaldehyde, SO,, CHy,
CO,, N,O, NH;, PM10, PM2,5, PMI, Total particles, PAHs, POP,
dioxins, furans, and toxic metals. The energy consumptions are also an
output of the calculations.

While COPERT 4 calculations are based on average vehicle speeds,
the ARTEMIS method is more dynamic, taking into account the
characteristics of each segment (zone, type, slope) and the speed profiles
corresponding to instantaneous traffic conditions (fluid, dense, saturated,
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congested) [4]. This tool includes EURO4 regulation and the further
reduction rates. It is being adjusted to the French vehicle fleet and
adjustment hypotheses for the Nantes area are being formulated.

The inventory of non-traffic sources (combustion and solvents) is
constructed from national and regional consumption data bases using a
top-down approach based on population densities (residences and offices
density and characteristics) at the scales of communes, districts and
blocks.

Air quality

The urban pollutant dispersion model ADMS Urban has been selected
from 8 model intercomparison studies [5]. Based on emission inventories,
the model is tested and adjusted to the pollutant concentration measure-
ments of the air quality survey network Air Pays de la Loire for the
reference years 2002 and 2008.

The UMP impacts on air quality are assessed by comparisons of
pollutant concentrations over the Nantes Métropole area and within a
selection of streets of the city center during the final year for the scenarios
with UMP actions versus “business as usual”.

Socio-economic assessments

This task includes a close cooperation of economists, geographers,
sociologists and geomaticians to identify and produce pertinent and tract-
able geographical indicators. The developments are included in OrbisGIS,
with the socio-economic data bases. Several population distribution and
well-fare data bases of INSEE (National institute of statistics and eco-
nomical studies), at different dates from 1990 to 2006, are used to
characterize the population of Nantes sectors and districts in view of
establishing representative samples.

Well-being and territorial satisfaction

The assessment of the air quality and noise impacts on the population
well-being is based on an ad-hoc sample survey of citizens’ declared
environmental satisfaction linked to the UMP actions. A first 30-90
minutes in-depth interview has been applied to a sample of 40 inhabitants
of 7 districts during the 2009 spring, bearing on 5 topics: (i) residential
choices and territorial satisfaction; (ii) well-being feeling; (iii) environmental
experiences and practices; (iv) spatial practices; (v) relationship to public
action.
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The theoretical and efficiency analyses of this test survey allowed to
define a more elaborated questionnaire and a survey protocol which was
first tested on a sample of 30 inhabitants, then applied to 1500 inhabitants
of 8 districts during the 2010 spring. The districts are different regarding
to the socio-economics characteristics of the population (e.g., repartition
of the socio-professional categories), environmental amenities (e.g.,
distance to the city centre, transports offer, access to green spaces), and
morphology (e.g., density, age of the building).

Property values of housings

The study requires to identify the environmental variables which may
influence the property prices. The PERVAL data base, which includes the
housing property transactions and prices in the urban area of Nantes, has
been included into the communal GIS, and a preliminary analysis is
conducted with OrbisGIS to select the pertinent data and indicators which
will be further used to establish geographical correlations between public
and private network changes and property values.

Composite indicators

The alternative method purpose is to replace the alternative numerical
model simulations by the construction of composite indicators aggregating
individual impact indices, based on typologies of the environmental
impacts of transport modes. These include a “scientific”, process-based
typology and a social, perception-based typology based on existing
surveys. The indicators must further be related to the impact sources
(emission factors and traffic intensities) by empirical correlations. This
approach is based on the works of the European cooperation action COST
356 [6].

The method is applied to obtain an atmospheric pollution health impact
indicator, computed from the vehicle emissions of the various pollutants.
The computation includes weighting factors which are functions of the
pollutant toxicity levels and of the population exposure levels, based on
the existing health impact studies and life time analyses.

Changes in citizens’ behavior

The objective of this task is to identify (i) the individual strategies to
adapt to transport offer variations issued of some UMP actions, by taking
explicitly into account the determining factors of families’ time
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management strategies, (i) and the types of journeys and populations
which are the most sensitive to these variations, and to deduce the
consequences for (iii) the environment, and (iv) the public politics. The
study focus is the incidence on individual car traffic of the UMP main
actions aiming at promoting a modal transfer, since it is difficult to assess
their efficiency at fulfilling their objective, generating longer routes, or
just reducing mobility.

The analysis is based on two sample survey of selected populations:
(i) reduced mobility persons, and (ii) selected users of the public and
private transport systems. The task includes the construction and tests of
questionnaires and survey protocols, and their application to about 1000
persons at key sites as, e.g., train and tram nodes, city center parking tolls,
modal transfer P+R.

Conclusion

The Eval-PDU program is a deeply interdisciplinary program in which
scientists of environmental, engineering, and social sciences cooperate
tightly to construct a methodology based on the systemic approach. The
construction of a methodology involving the assessment of the physical
changes induced by the action of a mobility plan in the traffic of the
different transport modes, of their environmental impacts, of their social
and economic consequences requires a set of scientists who are not used
to work together and this in turn requires a strong effort at constructing a
common language, at understanding very alien points of view and at
accepting very different working methods. A side benefit is a deep
enrichment of each other’s thoughts.

At the time of this communication the research program reaches mid-
way. Most of the “individual” contributions have already been produced
or they will be soon, and are now being proceeded in a continuous pro-
cess; the time of confrontations, revisions, optimizations is coming; this
phase is to be driven in common by all participants, with a constructive
perspective, and this may not be the easiest and most smooth task.
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Abstract

This paper proposes a territorial articulation study model based on a set of
indicators. The indicators used in this study were urban distribution,
weighted distance of road network and road accessibility. We have
applied the indicators to four regions in the Spanish province of Almeria:
Alpujarra Almeriense, Alto y medio Almanzora, Los Vélez and Poniente
Almeriense. The results found show them to be highly heterogeneous, and
allow areas with deficient road access or distribution of urban areas to be
identified. Indexes were poorest for mountainous regions with high slopes
and areas furthest from cities. The conclusions will contribute to improv-
ing the development strategies of Settlement and Road transport infra-
structures in these rural regions.

Introduction

At the present, territorial cohesion is defined as the possibility that a
population in a specific territory has of accessing services of general
economic interest [1]. In order to achieve high territorial cohesion it is
necessary to have an adequate territorial articulation, which depends on
the existing network of urban nuclei and the road network. In other
words, there must be an optimal spatial distribution of urban nuclei and
high accessibility for inhabitants. This then leads to the promotion of
intraterritorial cooperation, the diversification of productive activities and
interaction among rural areas and urban areas.
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Although the concept of accessibility plays an important role in the
formulation of planning and transport policies, it is frequently misunder-
stood and poorly defined and structured [2]. Accessibility is generally
defined as the ability to access specific activities from one place and with
a specific means of transport [3,4]. Geurs and Wee [5] believe that
accessibility is related to the role of land use and that of transport systems
in society, granting people and groups of people the opportunity to
participate in activities in different places.

The concept of accessibility encompasses various elements such as the
characteristics of the network and the transport system [6,7], location in
a given territory in relation to the desired destination [6], the spatial
distribution of possible destinations and the ability to reach them [8], the
working population and the economic and industrial activities that these
places carry out [9].

If the concept of spatial accessibility is to be examined, two com-
ponents must be analyzed together: the availability of services and their
proximity [10,11,12]. The gravitational model is one of the most
commonly utilized methodologies for measuring this. It relates distance
and impedance (average travel time) to the attractiveness of a geographic
area or service [12]. This model calculates the minimum distance or
shortest route between pairs of objects (urban nuclei) [13].

In Spain, rural areas are organized into geographic units called
‘comarcas,” which are defined as a group of municipalities with common
geographic and historical characteristics. These comarcas cover a surface
area of approximately 100,000 ha. and, in general, their small population
nuclei are organized around one main municipality.

These main municipalities are urban nuclei that are larger in size and
possess the characteristic of being centrally located. The latter implies
authority over certain supra-local functions, and the provision of a series
of services that cannot be covered by small urban nuclei. Therefore, any
initiative carried out in these towns has significant impact potential [15]
owing to the fact that they are the organizing centers of their territories
and points of dynamism and distribution [16]. Central nuclei are the
nexus between rural territory and large urban centers, and they constitute
the historical nodes of rural settlement structures [14].

Consequently, this study of accessibility in rural territory must bear in
mind two key elements: a) the geographic unit (comarca) and b) the main
municipality of each geographic unit. It is important to analyze the
connection capacity within the individual comarcas, especially with
respect to the main municipalities.
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This study proposes a methodology to calculate the territorial arti-
culation in Spanish rural comarcas, which is applied to four comarcas
in the Almeria Province. The articulation was calculated according to
the spatial distribution of the urban nuclei in the territory and their
accessibility, especially to main nuclei.

Method

The four “comarcas” in the province of Almeria, Spain, the object of this
study, were: Almeria Alpujarras (Alp), Upper and middle Almanzora
(Alm), Los Vélez (Vel) and Almeria Poniente (Pon). The comarcas Alp,
Alm and Vel are rural areas in need of revitalization, with low population
density, witnessing depopulation and an aging population, little techno-
logical development, significant farm land area, etc. As for Pon, it is an
area with significant economic development, thanks to farming under
plastic, that is in greenhouses, which produce significant production
volume on a small surface area. Its high population density stands out,
brought about by the demographic growth of the local population and the
mass arrival of immigrants to work in the greenhouses. In Alp, Alm and
Vel the topography, which will play an important role in accessibility, is
rugged. On the contrary, in Pon flat coastal topography, where most of the
urban nuclei and population of the comarca are located, coexists with the
rugged mountain landscape of the northern and western ranges found in
the comarca.

Furthermore, it is important to consider the presence of highways,
namely the A91 through the comarca Los Vélez, the A7 through Almeria
Poniente, and the A7 and A92 through the Almeria Alpujarras, as they
facilitate accessibility between the urban nuclei of these comarcas. The
head municipalities, characterized by concentrating public and private
services and/or institutions, in each comarca, are: Berja (Alp), Macael
(Alm), Vélez Rubio (Vel) and El Ejido (Pon).

In order to construct the articulation index, first the spatial distribution
of the urban nuclei was calculated using the Clark-Evans index [18]. This
was done to determine the relation that exists between the number of
cities in the geographic area and the distance between them [19]:

Rn:2D0”‘\/N7/é1
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where, Do is the average of the actual road distances between urban
nuclei and that which is closest in proximity, in a territory of land area A
in which there are N urban nuclei.

Subsequently, calculations were made of actual and weighted distances
between urban nuclei pairs in each comarca. Distance was understood as
the actual road distances in km. that separate an urban nucleus from
another, independent of the kind of road. The weighted distances for each
urban nuclei pair were calculated with the following formula:

r, = (Hw*c,,, )+ (SR*cg) +(ARR* ¢ pp) + (BRR* C 1)
+(CRR*cppp)+(LR*c ) +(UR*cyp)

where, Hw, SR, ARR, BRR, CRR, LR and UR are the km. via highways,
state roads, regional roads, local roads and urban roads, respectively. The
coefficients (c) were fixed between 1 and 2.4 according to the maximum
speed limit of each road; these coefficients were lower where the speed
limit was higher (expressways and highways). Calculations were made of
the average distances ( 7, ) in order to make comparisons between comarcas.
The actual road distances, and travel time (duration average in hours), of
the journeys between urban nuclei were obtained from the 2009 Official
Roadmap [17].

Later, road accessibility indicators are calculated for all the
municipalities, between each other and to the head municipality. The
calculation of road accessibility to main urban nuclei was carried out in
function of the weighted distances, the type of road and travel time. To do
so, either the gravitational model variant was applied or the Population
Potential (POT) developed by Calvo [20] and Pueyo [21]:

n P.
POT, => | —4 |+P,
j=1 ij

where, d;; is the minimum distance between i and j, P; is the population of
the urban nuclei to which people travel i, and P; is the population of the
main municipality of the comarca. This formula, which was relativized by
the total population in order to be able to make comparisons, considers
communication infrastructures (roads) as the elements that link the entire
territory [22].



Assessment model of territorial articulation in rural areas 31

Finally, a territorial articulation index was calculated from these
indicators. The index is an additional expression of the distribution of
urban areas and overall accessibility. The territorial articulation index
(IAT) is defined using the following formula:

Rn  POT, 100
re R

total

IAT =

where, Rn is the Clark-Evans index, 7, is the average of the weighted
distances between urban nuclei (km.), ¢, is the average travel time
between urban nuclei (h), POT is the population potential (inhab) and
P 1s the total population of the comarca (inhab). The indexes that
influenced the articulation in a positive way were placed in the numerator,
and all others were placed in the denominator. The IAT was multiplied by
100 to obtain manageable values.

The articulation index calculated expresses, in an aggregate and
relatized manner, the distribution of urban nuclei, the accessibility among
them and to the main municipality, the average travel time between
nuclei, and the population potential of the main nucleus of the comarca.

Results and discussion

Spatial distribution of urban nuclei

The spatial distribution of the urban nuclei in each comarca (Table 1),
according to the ratio proposed by Clark and Evans [18] (0<Rn<2,1491),
reveals that Vel and Alp tend to have a random distribution within their
land areas, while Pon reveals a regular or uniform distribution of its urban
nuclei. Alp has an average value between the two types of distributions.

Table 1. Clark Evans Index.

Comarca N A Do Rn
(km?) (km)

Alp 31 1750.39 4.52 1.20

Alm 23 1521.67 5.78 1.42

Vel 4 1 146.19 9.75 1.15

Pon 9 970.69 9.33 1.80

The values obtained for Vel are a response that is primarily due to the
low number of nuclei, despite being a mountainous area. For Pon, the flat
topography where most of the urban nuclei are located and the presence



32 A. Tolon-Becerra et al.

of the A7 highway improve the distribution of the urban nuclei in the
territory. Alp and Alm have intermediate values.

Average distances, actual and weighted, between urban nuclei,
and average travel times

The values of 7, obtained were: 55.66, 40.73, 39.89 and 22.62 km, for

Alp, Alm, Pon and Vel, respectively. These results show that the
inhabitants of Vel have to travel, on average, half the distance of the
inhabitants of the other three comarcas. Therefore, its accessibility is
higher and this will have a significant effect on its territorial articulation.

In terms of road type (Fig. 1), it was observed that most trips are made
via class B regional roads (66.22% in Alm, 48.57% in Vel, 39.07% in
Alp, and 25.87% in Pon). Travel via expressways and highways is
significant in the comarcas of Vel, Pon and Alp, representing 40.00, 37.17
and 20.44%. Also, travel via class C regional roads and urban roads is
significant in Alp, Alm and Pon. These results reveal the heterogeneity of
the types of roads between the urban nuclei of each comarca, observing
that most road travel between them is made via class B and C regional
roads. This influences average travel time (11.33, 19.00, 20.20, 35.68
minutes in Vel, Pon, Alm and Alp, respectively), reducing accessibility.
In the case of the comarca of Vel, the average travel time is lower due to
the presence of the A91 highway.

B Class A Regional Roads

O Local Roads

O State Roads

B Ubran roads

B Expressways and highways

B Class C Regional Roads

l Class B Regional Roads

H Total

ACTUAL DISTANCE  WEIGHTED DISTANCE

Fig. 1. Average travel distances, actual and weighted, between urban nuclei (km).
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Weighting the types of roads by speed reveals that the difference is
even greater, with a hypothetical increase of 250% in the average distance
between urban nuclei. This increase creates a greater impression of dis-
tance among the population, which reduces the perception of accessibility
among the urban nuclei. In terms of road type, the average lengths of
urban roads and class C regional roads are significantly greater.

Accessibility of urban nuclei in relation to the main nucleus

The POT towards the main nucleus of the comarca demonstrates high
heterogeneity among the four comarcas studied (Table 2). The POT value
for Pon stands out as it is significantly higher than the rest of the comarcas,
corroborating the fact that the greater the population of the main nuclei
and shorter the distance from the rest of the nuclei, the greater the reci-
procal inferences of potential.

Table 2. Accessibility Indicator.

Com. Pop. Head Pop. POT, POT, POT, POT,

(inhab)  Mun. (inhab) Pow’  Piotl’
Alp 41929  Berja 15001 150742 150254 0.360 0.358
Alm 54918  Macael 6212 7110.1 64942 0.129 0.118

Vel 12693 Vélez Rubio 7 147 72204 71784 0.569 0.566
Pon 232027 ElEjido 80987 81407.0 81140.9 0.351 0.350

The existing correlation between distance and population, given
because the relative position of an urban nucleus originates from possible
interaction with other localities in the territory in which it is located [23],
determines that POT is less when the weighted travel distances (POT,)
are utilized. The low values of Vel and Alm are mainly due to low
population, and in the case of Vel, the high average travel distance, in
comparison with other comarcas.

The values of POT relativized by the total population of the comarca
reveal the degree of population concentration in main urban nuclei. In the
case of Vel, Vélez Rubio constitutes 56.31% of the population in the
comarca, and in Pon, El Ejido only 34.90%. In the case of Alm and Alp,
the wide scattering of population among the 23 municipalities results in
intermediate values with respect to other comarcas.

Territorial articulation of the comarcas

The territorial articuliation index calculated for these four Spanish
comarcas (Fig. 2) corroborates the significant differences found for the
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indicators calculated previously. Vel has an IAT value that is far greater
than the other comarcas studied. This is due to better road communication
between them (less time and less distance) and the high potential
population of their main nucleus (Vélez Rubio) in relation to the total
population of the comarca (Table 3), which is favored by the presence of
the A91 highway. On the contrary, Alm has a lower value due to the
absence of an expressway or highway that alters its structure, and the low
potential population of Macael.

160
140
12p
1001
Hij o
B0
40
20
00

PON

Fig. 2. Territorial Articulation Index.

Table 3. Summary of values of the indicators calculated.

Comarca T, tm Rn  POT P, "' IAT
Alp 55.66 059 120 0.358 1.30
Alm 40.73 033 142 0.118 1.24
Vel 22,62 0.19 1.15 0.566 15.25
Pon 39.89 032 1.80 0.350 4.98

Alp has a slightly higher value than Alm due to the high potential
population of Berja. Also, this is favored by the presence of two highways
(A7 and A92), which improve its territorial articulation by facilitating
communication between urban nuclei, more dispersed and linked mainly
by class B and C regional roads in areas with irregular topography. Pon
reveals a territorial articulation that is better than Alp and Alm, because of
the A7 highway, its more homogeneous distribution of urban nuclei and
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the population potential of El Ejido. These results reveal the effects that
the type of road network and the distribution of urban nuclei have on
territorial articulation.

Conclusions

The results found are highly heterogeneous, and allow areas with defi-
cient road access or distribution of urban areas to be identified. Indexes
were poorest for mountainous regions with high slopes and areas furthest
from cities. However, the presence of a road network with superior
characteristics (highways and expressways) improves its accessibility and
favors its territorial articulation. This study represents a preliminary
approximation, considering it only took into account the main urban
nucleus of each municipal area. A more detailed study of all urban nuclei,
which would include less significant locations (groupings of country
estates, hamlets, remote rural areas, etc.) would make it possible to dis-
cover more about articulation in greater detail. Finally, these conclusions
will contribute to improving development strategies of Settlement and
Road transport infrastructures in these rural regions.
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Abstract

In this paper CO, emissions reduction targets in the Kyoto Protocol and in
the energy policy of the EU are transferred to the transport sector. First,
we analyze CO, emissions from transport in the reference year (1990) and
their evolution from 1990 to 2007. Later, we propose a nonlinear method-
ology for distributing the dynamic CO, emissions reduction targets. We
have applied the proposed distribution function for 2012 and 2020 to two
territorial levels. The weighted distribution is based on per capita and per
GDP CO, emissions. Finally, we show the weighted targets found for
each EU Member State and Spanish Autonomous Communities, compare
them to the real achievements to date, and forecast them for the years the
Kyoto and EU goals are to be met.

Introduction

The evolution of transport GHG emissions has been uneven in the EU
Member States and that there are countries that made a big progress to
control emissions and oppositely. The heterogeneity of the transport
emissions patterns in different countries underlined the need to establish
modulated decisions to be taken at different territorial levels to achieving
a common aim. Spanish transport sector and consequent emissions has
grown rapidly during last 17 years and will continue growing in the next
years unless strong decisions will be taken. Transport sector is the source
of GHG with the highest growth rate, especially due to road transport
growth. This paper reviews sector impact on GHG emissions and considers
effects of different alternative measures on emissions and subsequent
energy consumption.
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Evolution of the transport sector and GHG emissions: European
comparison

In 1990, transport consumed 39.5% of total primary energy in Spain and
40.7% in 2007 [1]. In 2007, the final energy consumption of the transport
sector was slightly more than 38 million toe (tones oil equivalent). Besides
being the economic sector with the major final energy consumption,
transport is the sector with the major consumption of fossil fuels (55.2%,
2007). In absolute terms, GHG emissions from transport during this
period have grown 66% [2]. At an annual growth rate of 3.7%, emissions
are expected to double over 20 years. This annual change is quite above
the average long-term growth of 1% per year in the OECD countries [3].
Emission growth is due mainly to road passengers and freight transport.
Only road transport is responsible of 75% of total sector emissions.

GHG emissions of the transport sector are not explained by either the
population growth or the economical growth, because they have lower
growth rates. This indicates that production processes in Spain have an
increasing growth of transport, contrariety to EU objectives to generate
economical growth with smaller increments of passengers and freight
transport flows [4]. Current transport demand trends and associated GHG
emissions in Spain have higher growth rates than in the rest of EU
countries. The mobility of persons and goods grows at a higher rate
compare with the mobility of European neighbors. It is observed, in addi-
tion, that the growth of transport passengers is greater than the growth of
transport freight, when Europe has opposite trend. These data show the
greater importance of the problem in our country, and that, in our case,
the mobility of persons is still more worrying than the one of goods.

Transport GHG in Europe and in Spain in 2007

The analysis of transport GHG emissions in 2007 shows that the basic
indicators are very heterogeneous, varying considerably among EU
Member States and Spanish Communities. Of the 27 EU Member States,
nineteen presented lower emission rates than the EU-27 mean. Countries
with higher population and surface area (Germany, France, the United
Kingdom, Italy, Spain and Poland) presented the highest numbers of
transport GHG emissions.

Of the 19 Spanish communities, Castile-Leon had by far the highest
Transport GHG emission rate, with 5.21 tones of CO, equivalent per
inhabitant. This is almost two times higher than the Spanish mean (3.03),
while the remaining communities varied between 1.93 and 4.26 tones per
inhabitant and year.
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The differences between the means of population and absolute emissions
for the EU-15 and the EU-27 areas are not great, but they differ signific-
antly in comparison to the average value for the Spanish Communities.
The standard deviation and the coefficient of variation are smaller when
the number of regions (n) decreases, and when the geographic scope is
smaller, as in the Spanish Communities (table 1). It shows more hetero-
geneity within EU countries than within Spanish Communities.

Table 1. Mean, standard deviation, minimum and maximum values of the CO,
emission rate (tCO,eq./inhab.) for NUTS" regions in 2007.

Population (million inhabitants)

Level n Avg. Min. Max. SD Ccv
EU-27 27 18.34 0.41 82.31 23.20 126.46
EU-15 15 26.13 0.48 82.31 27.51 105.29
CCAA 19 2.38 0.07 8.06 2.41 101.41
CO, emissions (million tones CO, equivalent)
Level n Avg. Min. Max. SD 0%
EU-27 27 36.39 0.53 153.18 48.16 132.34
EU-15 15 52.24 6.68 153.18 53.97 103.30
CCAA 19 6.21 0.30 17.02 5.17 83.27
Emission rate (t CO, equivalent per inhabitant)
Level n Avg. Min. Max. SD Ccv
EU-27 27 2.48 0.60 14.04 242 97.33
EU-15 15 3.24 1.84 14.04 3.14 96.93
CCAA 19 3.03 1.93 5.21 0.84 27.62

* This analyses covers 27 and 15 EU Member States (NUTSO0) and 19 Spanish
Communities (NUTS2), and is geographically based on the EUROSTAT’s
NUTS 2003 regional classification [5].

Evolution of transport GHG emissions 1990—2007 in Europe
and in Spain

Although the overall evolution of transport GHG emissions in the period
1990-1997 is quite irregular, the amount of emissions in most EU
Member States follows a upward trend. By 2007 the EU 27 Member
States had achieved an increment of 26.0% in the total transport GHG
emissions in comparison with 1990, with an average increment per
country of 54.8457.9%. The EU-15 Member States had been more
successful, achieving an increment of 23.7% and a mean of 53.8+£53.0%.
While only four countries of the EU-27 had made significant progress
decreasing emissions (Germany, Bulgaria, Lithuania and Estonia), it
should be noted that in most countries transport GHG emissions actually
increased over this period.
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The results for Spanish communities over the period 1990-2007
present a more standard evolution. Comparison of the transport GHG
emission data for 1990 and 2007 reveals also heterogeneous results,
ranging from a 129.7% increase in Canarias to a 36.7% increase in
Basque Country. The remaining communities have made varying degrees
of progress: in 3 communities transport GHG emissions increase by less
than 50%, in 6 communities it increases by between 50% and 75%, in 6
communities 75-100%, and in 4 it increases by over 100%.

Desirable threshold and dynamic target values
for the reduction of GHG emissions

This study proposes a weighted modulation of the reduction coefficients
based on the initial transport emission rates, taking 1990 as the reference
year for its application. The desired value of transport emissions would
always be fixed by the international commitments of reduction in GHG
emissions as EU unilateral target of —20% by 2020 accounting for
domestic emission reductions only [6]. Objective progress targets towards
this goal must be dynamic and redefined over time, varying according to
the area in question. The targets for each area should be obtained as a
function of that area’s distance from the desired value, in such a way that
all areas converge towards it. In this way, the reduction coefficient,
expressed in relative terms of improvement per unit, should vary between
1 (i.e. a hypothetical case if reduction is needed as in preindustrial times)
and O (i.e. 0 carbon emissions from the transport sector). Since the EU
aims for a reduction coefficient of 0.8 (emission rate in 2020/emission
rate in 1990), on a more local scale the progress would have to be greater
if the initial distance from the desired value (0) is greater.

The present work applies this reasoning in two phases. Firstly the EU is
considered as a geographic unit (contemplating two scenarios: EU-27 and
EU-15), taking each Member State as a subunit. The sum of transport
emissions of all the sub-units, once the corresponding modulated coefti-
cients of reduction are applied, will result in 20% reduction of emissions
from 1990 in the EU-27 and EU-15 respect to 1990. Secondly, the
results obtained for Spain (in the two scenarios: EU-27 and EU-15), are
modulated using the distribution formula on a smaller scale in which the
Spanish State is the geographic unit. In this case the sub-units are the 19
Autonomous Communities, and modulated reduction coefficients are
generated for each one.
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Methodology

We propose a methodology to calculate weighed coefficients of reduction
of transport GHG emissions at various geographic levels using a weighted
distribution, through an inverse logarithmic function of distribution based
on the initial emission rate (1990). For each geographic unit (i), the
emission rate is the amount of GHG emissions (GHG;,) in a year (f),
expressed in tones of CO, equivalent, divided by the total Gross Domestic
Product at this year (GDP;,), expressed per million Euros, or by the total
population at the beginning of the year (P;,), expressed per inhabitant:

E(GDP),, = S5 (1CO, /Million €) (1)
E(Inh.) = <79 (tCO, /Inhabitant) )

The initial rate of GHG transport emissions was used because it
expresses the severity of the environmental problem related to climate
change, and as it is a homogenous statistic at international level [7]. The
inverse logarithmic function was proposed because it adapts to the
objectives of the study as regards obtaining modulated coefficients of
reduction.

To achieve the EU target first for 2012 of reducing the GHG transport
emissions from 1990 in 8%, Kyoto protocol, (then for 2020: 20%
reduction) the following initial premise was considered:

GHG12= ¢ X GHG 1999 3)

where c is the total residual coefficient, complementary to the reduction
coefficient, and GHG is the absolute value of emissions, i.e. the sum of
the emissions in each geographic sub-unit GHG::

GHG = 2., GHG, )
Therefore, for the EU-27 and EU-15 geographical units:
GHGEU,2012: 0.92 x GHGEUI990 %)

and for each geographical sub-unit, in this case the EU Member States:
GHG;2012= ¢ X GHG; 1999 (6)

where ¢/ is the residual coefficient of each geographical sub-unit. This
coefficient was calculated using an inverse logarithmic distribution
function, depending on its initial emission rate £;:
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¢! =f(Ei199) = a(InE; 1990) " (7N

where a is the factor that modulates the weighting coefficient ¢/. To
calculate the value of q, first replace Eq. (7) in Eq. (6):

GHG,201,= a(InE; 1000) ") GHG; 1990 ®

then, as GHG,y;, is the sum of the amount of emissions in each geo-
graphical sub-unit, GHG; ), , we have:

GHG;
GHGayrp = Y, 42X GHGim v
2012 2z:l InE; 1990
therefore:
a = GHG2012 = CXGHG1990 (10)
" GHG; - GHG:
Z,:l 1990 InE; 1990 21:1 Ylggo/lnEivmo

We calculated a weighting factor a for both the EU-27 and EU-15,
from which we obtained the residual coefficients ¢/ for each Member
State in both scenarios. This methodology can also be applied to smaller
geographic areas like Spain, where the total geographic unit is the Spanish
state and the geographic sub-units are its autonomous communities.
In this case, the distribution formula is used, and the total residual
coefficient ¢ for the Spanish unit is the one obtained previously from the
general targets of the EU for this state. In this way, new results are
obtained as residual coefficients ¢/, for each autonomous community.

Results and discussion

By applying the proposed methodology, we obtained a set of target values
for the reduction of emissions for the EU-27 and EU-15 Member States
for 2012 and 2020. The higher the country’s initial emission rates, by
GDP and population, the greater the reduction coefficients. Two clear
examples are Estonia, with a reduction coefficient of 30.2% (2012) and
39.3 (2020) in the case of the EU-27 according to GDP rates and
Luxembourg, with 21.9% (2012) and 32.1 (2020) for the EU-15. Accord-
ing to population emission rate, Luxembourg will be the country which
need for greater effort to achieve the EU target: 22.7% (2012) and 27.2
(2020) for the EU-27 and 21.7% (2012) and 31.9 (2020) for the EU-15.
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The total amount of transport emissions in absolute terms for each
country is reduced unevenly, but in such a way that the total sum would
achieve the EU’s overall target. In addition, the great difference in
emission rates, both for GDP and population, between Member States is
considerably reduced over time. It is worthy of note that the results
obtained for each particular country differ depending on the scenario
considered (EU-27 or EU-15) and if the modulated weights are obtained
using the GDP or the population. For instance, in the case of Spain the
reduction coefficient in 2020 for GDP is higher for the EU-15 than for the
EU-27 (21.5% vs. 20.4%). Oppositely, the reduction coefficient in 2020
for population is lower for the EU-15 than for the EU-27 (17.0% vs.
19.0%). However, the average values of reduction, for each of the two
hypotheses of aggregation, present only slight differences and both are
around 20% in 2020 for GDP and population (23.1% for the EU-27 and
20.7% for the EU-15).

Using the proposed methodology, the target values of reduction for
each community was then computed. Also the new emission rates were
calculated, using the estimated population in 2020. The amount of
emissions, in absolute terms, is reduced unevenly in each community, but
in such a way that the total number is reduced by 17.0-19.0% in 2020.
Once again it is clear that the reduction coefficients generated are higher
when the initial emission rates (by GDP and population) are higher, and
that the great differences in emissions rates between communities are
reduced considerably. Indeed, in this case the results are even clearer, as
the range of emissions rates is greatly reduced, 1225.2-3033.3 vs.
813.4-2179.1 kgCO, eq./inhabitant in the case of modulated weights by
population.

Comparison of the real evolution of transport emissions
in the period 1990-2007 with the proposed weighted values

We compared the percentages of reduction experienced by EU Member
States during the period 1990-2007 with those expected according to the
modulation carried out for 2012 (fig. 1). It can be seen that overall the EU
Member States have increased the transport emissions, not approaching
the target proposed by the Kyoto Protocol, with better values for the
EU-27 than for the EU-15. However, when the comparisons are made for
each country, there are some significant differences. Bulgaria, Estonia
and Lithuania are the countries with the best results. On the contrary, the
amount of emissions in Cyprus and Ireland, increased over the same
period by a percentage much higher (>150%) than the percentage fixed by
the two weighted reduction models. According to the proposed models
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these countries should have reduced the amount of emissions by 5-9%.
Only countries like Germany, United Kingdom, Sweden, France and
Finland show sufficient progress to achieve the proposed reduction.
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Fig. 1. Percentage of real reduction/increment of the GHG transport emissions, in
the period 1990-2007 vs. modulated percentage of reduction/increment for 2012
GDP and Inhabitant modulation procedures. Index = 0 for year 1990, in the order
of greatest to smallest real reduction.

The linear extrapolations of data series from the period 1990-2007 to
the year 2012 has resulted in negative projections for most of the
countries. The increment percentages are higher than those established in
this study except for Bulgaria, Estonia and Lithuania, in line with the 8%
reduction previously accorded by the European Commission. Once again,
Cyprus, Ireland, Czech Republic and Luxembourg present the worst
results, and their projections do not invite optimism as regards achieving
the EU goal.

In Spain, comparing the results obtained in 2007 with the proposed
increment values for 2012, 74% of the Spanish Communities present an
increment of between 35 and 85 percentage points of difference. This
implies that a lot of work remains to be done in order to increase the
amount of emissions in these communities according with the 15% level
fixed by the Kyoto Protocol. Catalonia, Basque Country and Navarra are
the ones that increased their amount of emissions to 2007 with less than
30% percentage points of difference as proposed in this study (by 43.8%,
43.3% and 36.7% as opposed to the 18.2%, 14.9% and 6.8% proposed
respectively), and as such they are examples for other communities to
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follow. Oppositely, there are communities that need to make a significant
progress towards emissions amelioration such as Canarias, Cantabria,
Murcia and Region of Valencia, with a difference of more than 85 points
between both values. In any case, there is need to review the emissions
desirable thresholds and make a new proposal of reduction of the
transport emissions rates in Spain for the next years.

Proposal of reduction of the transport emissions rate in the EU
for 2020

By 2020, if we extrapolate the values of 1990-2007, overall the EU-27
will achieve a 42.4% increment of GHG emissions. With this result the
current EU target would not be reached. We therefore considered that a
new commitment should be formulated and agreed for 2020. By this time,
those countries with worse rates would be able to redesign and/or improve
their transport emission policies and programs.

Considering the dynamism that should prevail in the formulation of
quantitative targets, a reduction of 20% in the amount of emissions with
respect to 1990 is proposed for the period 1990-2020. We have applied
the formula for modulation of the reduction coefficients to the Member
States of the EU-27 and of the EU-15 both as function of GDP and
population, and to the Spanish Communities.

The new target rates of reduction for 2020 offer different values for
each Member State but maintain the target of 20% reduction for the EU as
a whole. Once again the states with higher initial transport emission rates
are assigned higher coefficients of reduction in the amount of emissions,
while in those with lower initial emission rates the progresses would be
smaller. The initial dispersion of emission rates between states would be
reduced even more over time, changing from a range of 596.0-14035.1
in 2007 to one of 322.9-4227.1 kgCO,eq. per inhabitant in 2020. The
application of the methodology to Spain and its communities for the same
period (2007-2020) means that the range of transport emission rate in the
different communities is greatly reduced, changing from the range of
5206.1-1939.0 to 2179.1-813.4.

Figure 2 shows the real evolution of emission rates during the period
1990-2007 in the EU-27 Member States and the communities of Spain,
and the weighted values proposed for the period 2007-2020 according to
population. It can be seen that both the mean and the range of emission
rates is reduced with time, particularly due to the greater reduction in
those areas with higher initial transport emission rates.
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Fig. 2. Real evolution of emission rates in the period 1990-2007 and the
modulated proposal for the period 2007-2020 for the EU-27 Member States and
the Spanish Autonomous Communities.

Conclusion

The evolution of transport GHG emissions has been uneven and with very
heterogeneous values of increment and reduction, both in EU Member
States and in the Spanish Autonomous Communities. The countries that
have made most progress are those that have implemented transport emis-
sion reduction policies and programs in the past (i.e. Germany, United
Kingdom, Sweden and France). These countries agree considerably from
those countries incorporated into the EU recently (i.e. Bulgaria, Estonia,
Lithuania and Latvia) whose overall statistics show decrease on transport
emissions. However, due to the economic development of these countries,
there will be the need for greater effort and resources to achieve the EU
target as they improve their economies as stated in the Transport White
Paper in the near future. The Spanish Communities as a whole will also
have to make a big effort to converge to the EU target.

To achieve the desirable values, the objective target values of progress
should be implemented in a pragmatic way, in accordance with the
context and characteristics of each geographic area. The heterogeneity of
the statistics underlines the need for “weighted” decentralized decisions to
be taken at different territorial levels with a view to achieving a common
aim. Under this premise, the proposed methodology allows us to
distribute targets for the reduction of transport emissions according to the
situation in the starting year for each geographic area. The proposed
model has the advantage of being simple to apply. However, its results
are orientate and should not be taken as absolute values, but rather as
references for the formulation of transport emission amelioration policies.
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Abstract

This study attempts to answer one of the key questions facing academics
and practitioners today viz. how far, and by what means, can towns and
cities be planned for the future to promote social inclusivity, economic
efficiency and environmental sustainability. A range of land-use and
transport strategies have been devised and tested using a strategic-level
Land-use and Transport Interaction model of the London and Wider
South East Region of UK. The four land-use options tested include the
trend (reflecting existing policies and committed investment plans), com-
paction (focussed on the city centre), market-led dispersal and planned
urban expansion. The paper presents the results of the carbon emission
assessment for four land use options with and without road user charging
for year 2031.

Introduction

One of the key questions facing academics and practitioners today is how
far, and by what means, can towns and cities be planned for the future to
promote social inclusivity, economic efficiency and environmental
sustainability. Outer city areas, such as outer suburbs, urban fringes and
satellite settlements are of particular interest. This is because these areas
are where the majority of people live, most new development is focussed,
and where high levels of car dependency, social exclusion and growth
exist. Tensions can often arise however when formulating sustainable
development policies. For example, promoting a ‘compact city’ approach
with higher densities served by good public transport can conflict with the
desires of firms and households to relocate away from urban centres due
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to rising car ownership, and cheaper and better housing. Therefore, much
debate currently surrounds the ability of alternative designs of inner and
outer town and city areas to achieve economic and environmental
sustainability.

As part of the SOLUTIONS project (Sustainability of Land Use and
Transport in Outer Neighbourhoods) funded in the UK by the Engineering
and Physical Sciences Research Council (EPSRC), a range of land-use
and transport strategies have been devised and tested using a strategic-
level Land-use and Transport Interaction (LUTI) model LASER of the
London and South East Region of UK.

The London and Wider South East (WSE) study encompasses the
London, East of England and South East regions covering an area of 4
million hectares and near 20 million people. The study area gravitates
around London, a world city of 7 million, which has been under consider-
able pressure for development as it the most successful economic area of
the UK. For more than half a century, there has been a considerable effort
to contain the expansion of London with the introduction of a green belt.
Most of the growth has taken place beyond the green belt initially in
planned New Towns and latter on in the form of urban extensions to
existing towns and villages. The outcome has been a mixture of planned
and market development leading to severe restrictions in the supply of
urban land which resulted in increased property prices. The consequences
have been severe in term of reduction of space standards in comparison
with other developed countries and housing affordability for lower
income groups. There have also been increases in labour cost that impact
on the competitiveness of the area. On the other hand there has been
protection of green field land around urban areas which is not seen in
other developed regions around the world.

Design of transport and land use options
Trend 2001-2031

The Trend option represents a ‘Business as usual’ housing and transport
development scenario. The 2001 base year (1997 for transport network) is
described using censuses of population and employment, and other
observed data, such as that in the Generalised Land Use database. A 2016
base year has also been developed (as many plans are committed to 2016)
by updating the land use and transport interaction model LASER using
demographic and employment data from the 2001 Census, and from
Experian employment projections. The Trend 2031 case is based on the
dwellings from the London Plan and Regional Spatial Strategies, and
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employment, households, and dwellings at the zonal level from DCLG’s
model TEMPRO v4.3. Densities of new development are based on targets
in the Housing Capacity Study for London [1], and in the East and South
East Regional Spatial Strategies.

A version of the 2031 Trend is also being tested with road user charging
(RUC), in urban areas. The distribution of the land use inputs for the 2031
Trend with RUC is slightly different from the reference case, as it was
anticipated that RUC would result in dwellings being allocated slightly
closer to the public transport stations and with a slight dispersal of
employment from the RUC areas. The net revenue from the RUC is
assumed to be invested in additional public transport improvements. All
the urban form options (described below) are similarly tested using a RUC.

Compact City

The Compact City option aims to locate people as close as possible to
where they work, shop, and carry out personal business, and in areas
where there is good accessibility by public transport to reduce travel
distances and increase the proportion of trips made by public transport,
cycling and walking. This option allocates dwellings within London and
several other settlements with strong economies and good public transport.
Around 0.9m new dwellings are allocated to London and 0.2m distributed
to the other high growth towns. Transport investment is focussed on
improving public transport in London, with the emphasis on increasing
orbital rail capacity, combined with RUC in urban areas.

Within London, target densities are based on public transport access-
ibility, proximity to retail facilities and town centres, and employment to
dwellings ratio, based on GLA recommendations [1]. The trend in the
number of new dwellings on brownfield per borough is estimated from
the London Housing Capacity surveys 1999 and 2004. This option would
allow development on areas of green belt and metropolitan open land
within London that do not have special protection for reasons of nature
conservation, amenity value, flood risk or which have steep gradients. It
is assumed that the increasing supply of dwellings due to compaction
would result in a concentration of employment from the outer metropolitan
areas into London.

Market-Led Dispersal

This option aims to reduce the cost of living and labour costs by
achieving a better spatial balance between the supply and demand for
dwellings. It tests a possible outcome of removing planning constraints
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except in areas of outstanding natural beauty and sites of special nature,
or historic/cultural interest. Transport investment is focussed on highways
improvements. Dwellings are dispersed mainly to those parts of the outer
metropolitan area where rental values are higher than the WSER average,
particularly to Surrey and Berkshire, with additional requirements met
from the next most attractive zones. Private sector secondary and tertiary
jobs have also been dispersed to areas of economic growth in the outer
metropolitan area where the dispersal of dwellings would reduce the cost
of living and make the local economy more competitive.

Planned Expansion

This option aims to create planned new settlements and extensions that
provide a good quality of life, a vibrant economy, and a high degree of
self-sufficiency of local services and jobs, reducing the need for car
travel. Planning constraints are applied to achieve densities designed to
provide an attractive living environment but which are high enough to
support public transport, walking and cycling and have a rail station, and
which are large enough to support local services. Areas chosen for develop-
ment were based on the demand for housing, environmental impacts of
the settlement, and the likelihood of attracting sufficient employment.
The greatest demand for new dwellings is in the more affluent areas of
London and the M3, M4 and M40 corridors where employment growth is
outstripping the supply of housing, hence the option includes a local
relaxation of the green belt so that the settlements can be located to
achieve a better match between housing supply and economic growth in
areas close to London to reduce commuting distances, and so offer some
the economic advantages of a market-led dispersal but without the sprawl.
The option has a similar amount of highway and public transport invest-
ment to the Trend, and includes distance based RUC in urban areas.

Sustainability appraisal

As noted above, the purpose of the SOLUTIONS project is to improve
understanding of the sustainability performance of the alternative spatial
designs for urban areas with a particular focus on areas experiencing high
growth rates. The sustainability appraisal at the strategic level uses the
LASER model to assess the effect of policy packages with radically
different spatial components on the spatial distribution of economic
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activities, households and travel behaviour. The outputs of the LASER
model, summarised are used in this section as the basis for a sustainability
appraisal, in which a series of sustainability indicators addressing eco-
nomic, resource use, environment and social themes are quantified.

The assessment draws on the LASER model transport network outputs
(e.g. road location, road type, traffic flow, speeds), or the land use outputs
per zone, such as employment by activity type, households by socio-
economic group, dwelling numbers and densities. Some indicators, such
as CO, emissions, are driven by both transport network and land use
inputs because both transport and building types affect energy consumption.
Where possible, the techniques applied are those widely recognised within
the relevant assessment profession (e.g. much of the road network based
assessments apply standard Department for Transport methods recom-
mended by the New Approach to Appraisal (NATA) [2] and described in
the Design Manual for Roads and Bridges [3]. For others, bespoke
methods were developed to address selected sustainability indicators.

The transport sustainability indicators are evaluated using SMARTNET
(System for Multi-criteria modelling and Appraisal of Road Transport
NETworks) [4], a transport network Decision Support System and a
development of an earlier system called TEMMS [5]. TEMMS (Traffic
Emissions Modelling and Mapping Suite) addresses atmospheric emissions
from road transport, whilst SMARTNET represents an extension to
address a wider range of criteria identified as relevant to the sustainability
of transport by NATA. Using the information on vehicle flow, speed and
road characteristics and additional information on vehicle fleet com-
position SMARTNET calculates, for each link in the network, a range of
evaluation criteria using best practice transport appraisal procedures given
in the Design Manual for Roads and Bridges and WebTAG guidance [2].
Criteria addressed include fuel consumption (petrol, diesel), gaseous
emissions (seven pollutants, including CO,), noise emission, water pollution
(links requiring diffuse pollution abatement), route severance, route stress
(journey ambience), journey delay/reliability and road traffic accidents
(fatalities, personal injury accidents, accident costs). Results of the
criteria modelling can be summarised for the network, viewed on a link
by link basis via database interrogation or GIS network mapping, or
summarised on a spatial level (e.g. LASER model zones) to support
further appraisal. This study presents and discusses use carbon emissions
as an example to illustrate the impacts of the four spatial options.
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Emission from transport

CO, emission from transport is modelled in the same way as transport
energy using the TEMMS-SMARTNET model, and the application of
CO, emission factors to the vehicle fleet. A range of emission factor
databases are now available to FEuropean Governments and Local
Authorities, including CORINAIR (CORe INventory of AIR pollution),
MEET (Methodology for Estimating air pollutant Emissions from
Transport), COPERT (COmputer Programme to calculate Emissions from
Road Transport), DMRB (Design Manual for Roads and Bridges), the UK
EFD (UK Emission Factor Database) and the HBEFA (Handbuch fiir
Emissionsfaktoren des Strassenverkehrs; the ‘Swiss/German’ handbook
of emission factors for road traffic). This study uses UKEFD revised in
2008. This is considered to be the most up to date set of emission factors
for use in the UK

Emission from buildings

For commercial and industrial buildings, CO, emission is calculated in
the same way as for energy use using CO, emission per unit floorspace
(kg/m?/yr) coefficients determined for each LASER SIC activity group.
These coefficients were derived from the national non-domestic building
survey in the same way as the energy use coefficients.

CO, emission from the residential building stock is calculated from the
building stocks energy use, knowledge of the fuel mix by end use (space
heating, water heating, lighting), and emission coefficients per unit fuel
by type (g COy/Kj). It has been assumed that, whilst different dwelling
types have different energy demands, there is no difference between
dwellings in terms of the fuel mix used to deliver that energy. This
appears a fair assumption, but we note that in future different dwelling
types may gain their delivered energy from different sources. Thus dense
development, which may include a high proportion of flats, may be
fuelled by CHP, whereas low density housing, say mostly detached
dwellings, may make relatively more use of passive solar energy.

CO, emission factors for delivered energy (kg/Gj for 13 different fuel
types) are drawn from the SAP manual [6]. For lighting we apply the
factor for delivered electricity and for space and water heating we derive a
factor weighted by the share of total delivered residential heating demand,
based on EHCS observations. These are that 84.9% of dwellings are
heated by gas, 9% by electricity, 3.8% by oil, and 2% by solid fuel (which
we assume to be Anthracite, which has an intermediate value for all solid
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fuels). This process returns a final delivered energy CO, emission factor
(kg CO,/Gj) which is applied to the previously modelled energy demand
(by dwelling type; and as extant or new build) to return total CO,
emission from dwellings attributable to space and water heating, and
lighting.

Carbon emissions in response to land use and transport
options

Total CO, emission results

The total CO, emission (Mt/yr) for each option is the sum of emission
from land transport, commercial and industrial buildings, and residential
dwellings. Results are shown below, for the WSER region as a whole, as
this is the appropriate spatial scale to report on emission of greenhouses
gases.
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Fig. 1. CO, emissions from WSER under spatial options.
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Table 1. Total CO, under each spatial option.

Trend 2031 + RUC
2001 2016 2031 2031 Compaction Dispersal Expansion
+RUC

Transport * 58.7 72.7 84.4 80.5 79.4 82.9 80.5
Commercial 193 239 267 267 26.6 26.7 26.7
Residential 349 381 40.5 405 40.2 40.7 40.6
Total 1129 1347 151.6 147.7 146.2 150.4 147.8
Change from 00 394 563 524 50.9 55.2 52.5
2001 (Mt/yr)
Change (%) 0.0 193 342 30.7 29.4 332 30.9
from 2001
Change from -38.6 —16.9 0.0 -39 5.4 -1.2 -3.8
2031 no RUC
Trend (Mt/yr)
Change (%) -25.5 -11.2 0.0 =26 -3.6 0.8 2.5
from 2031 no
RUC Trend

* Base year is 1997 for network, 2001 for emission factors. Mt/yr is million tonnes per
year.

These results indicate a substantial increase in total CO, emission over
the Trend period, for the WSER. Emission from dwellings increases c.
15%, a relatively modest increase given the number of new dwellings, but
a reflection of the smaller size and greater energy efficiency of new
building. Emissions from commercial and industrial buildings increase to
a greater extent but from a lower absolute base (and note that we have not
introduced any assumptions re the changing efficiency of commercial
buildings, due to a lack of available data). The most substantial increase is
observed for the transport sector, with CO, emissions increasing by over a
third from 1997-2031. This increase is a product of three main factors; a
54% increase in vehicle kms travelled, an increase in the carbon intensity
of vehicle kms in the vehicle fleet, and a reduction in trip speeds
(emissions are higher at lower speeds). These factors are discussed in the
transport energy section.

The spatial options do influence total CO, emissions, with relative to
the Trend, Market Led Dispersal raising emissions and the Compact City
option lowering them. The Planned Expansion option has an emissions
profile comparable to the Trend. However, these differences are an order
of magnitude less than those observed over the Trend. Furthermore, the
differences are achieved through a combination of the spatial option and a
road user charge. Table 1 reveals that the road user charge is responsible
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for a larger proportion of the differences between the 2031 options, than
the spatial plan itself. For example, the compaction option experiences a
3.6% reduction in total CO, over the 2031 Trend, of which the road user
charge alone delivers a 2.6% saving. In other words, for every 10 tonnes
of CO, saved under the compaction option, 7.2 tonnes are saved by the
road user charge and only 2.8 tonnes by the compaction policy.

Conclusions

The analysis presented in this study reveals that the principal drivers
behind the predicted growth in transport CO, emission are population
(number of people taking trips) and lifestyle (distance travelled per
person). The impact of spatial organisation has been shown to have a
much minor effect on total distance travelled in comparison. Technology
has led to an increase in CO, emission per vehicle/km, but it is anticipated
that it will in future reduce CO, emission per vehicle/km. The potential of
technology to reduce impact is illustrated by the great success of existing
technological measures introduced to reduce emission of CO and NOx.

This illustrates that measures to drive CO, down further (or more
quickly; spatial plans may be effective over much longer time scales) are
likely to revolve around technology measures and measures which affect
behaviour (including more severe charging, neighbourhood design, tele-
commuting etc). Some advocates of the approach to impact analysis, also
warn that treating population as an independent variable, to which policy
must adapt, is a mistake. This implies that policies which impact upon the
regional population (e.g. national immigration policy) must carefully
weigh the economic and social advantage of such policies against the
environmental and other costs.
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Abstract

Numerous cities in the industrialized world are loosing population —
they are shrinking. Concerning carbon storage, shrinking cities are of
particular interest: they have a high potential for urban renewal and
related new green space as brownfields are abundant; pressure from
development is also low. In this paper, we present a study on the carbon
sequestration potential of two urban renewal projects in the cities of
Leipzig and Halle in eastern Germany. Results show that both tree
planting and biofuel production have a similar carbon mitigation effect
and thus are good options for urban renewal. However, compared to
overall emissions, the mitigation effect is limited.

Introduction

Humanity has unquestionably entered an urban age, as most people live in
cities and the urban population keeps growing on a global scale. The
impacts of this ongoing process on the environment are widely studied
and increasingly better understood [1]. Concerning the carbon cycle, most
CO, emissions stem from cities or are related to urban dweller’s activities.
This is mainly due to burning of fossil fuel, but also due to the destruction
and disturbance of natural or agricultural ecosystems [2]. In contrast,
urban ecosystems can store and even sequester significant amounts of
carbon depending on where urbanization takes place [3]. For example, if
cities are located in arid regions, soils and vegetation will develop an
increased stock compared to the rural surrounding [4]. While cities in
carbon rich ecosystems like, for example, the pacific North-West of the
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US store large amounts in remaining natural green patches, the des-
truction of forests through urban growth leads to high losses [5]. The
general impact of cities on the global carbon cycle is not yet clear [6, 7].
It is clear though, that emissions from burning fossil fuel are far larger
than flows in and out of urban ecosystems [8].

Cities are generally expected to keep on growing in the future [9].
While this is true on a global scale, a process that is rarely associated with
cities and even less often studied by ecologists is urban shrinkage and
decline. However, many cities in the industrialized world have been
loosing population and in the future, whole countries are entering a new
demographic stage of decline rather than growth. De-industrialization
accompanied by emigration in combination with low birth rates has
reduced the population numbers of cities in old industrial centres, like
Northern England, the North-Eastern USA or Central Germany. In
addition, the economic transition after the collapse of the socialist system
spread the phenomena to many parts of Eastern Europe, including Eastern
Germany [10]. In the last decade, increased effort has been made to
actively manage shrinkage, e.g. through state funded demolition of surplus
housing units and urban green space developments on brownfields [11].

In this article, we discuss the carbon mitigation potential of two urban
reconstruction and urban forestry projects in the shrinking cities of
Leipzig and Halle, situated in Eastern Germany. We focus on carbon
sequestration by trees and the fossil fuel offset by biofuel plantations. We
choose to model the CO, balance for 50 years in order to cover a typical
lifetime of urban trees. Sequestration by trees increases with age and there
is no fixed annual rate. After 50 years, tree mortality will increase and
make predictions less accurate.

Study area

Shrinking cities in East Germany

Over the last two decades, Eastern Germany has lost more than 1.2
million inhabitants mainly due to out-migration and suburbanisation. In
addition, more than 770,000 new housing units where built. In the late
1990s it became obvious that the development of vacancies was
problematic. In 2005, it was estimated that vacant flats added up to 1.3
million or about 1/6 of the total housing stock of Eastern Germany [12].
In 2002 the average vacancy rate was 14.9 %. Some cities had lost a
double digit percentage of their population, e.g. Halle saw a reduction of
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its population from 309,406 in 1990 to 247,736 in 2000 [13]. In the same
time, the population of Leipzig reduced from 557,341 to 493,208 [14].

The oversupply of housing and the wide-spread vacancy led to the
implementation of the programme ‘““Stadtumbau Ost” (urban reconstruction
east) was created — a 2.5 billion EUR fund aiming at stabilizing cities
affected by demographic and economic change. Its main tool is demoli-
tion, accompanied by the enhancement of neighbourhoods, infrastructure
and re-use of vacant land. The programme aimed at demolishing 350,000
units between 2002 and 2009 [11]. The German Federal Environment
Agency estimated the total area of brownfields in Germany to be 139,000
ha in 2000 [15]. In 2009, the city of Leipzig estimated the total area of
brownfields to be 2.4 % of the city area or 700 ha [16].

Most demolition funded by “Stadtumbau Ost” programme occurred in
prefabricated housing estates build between 1950 and 1990. Most enhance-
ments happened in areas of old housing stock, which had been built
before 1918 [11]. Therefore, we focus on two urban reconstruction projects;
one in prefabricated housing and one in an area built before 1918.

The “Griines Band” (green belt), Leipzig

The study area is located in a residential area developed in late 19" and
early 20" century in the district Volkmarsdorf (Flg 1)

# "Griines Band" (green belt)
")| concept Leipzig
[ forest

{ :I park
50  100m

aerial photos from Staatsbetrieb
isit und Sachsen

Fig. 1. The urban reconstruction project in Leipzig.
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Between 1990 and 2000, this district lost 40 % of its population, ending
up with 7911 inhabitants. The housing vacancy rate in 2000 was 44 %. In
the course of the “Stadtumbau Ost” programme, the city of Leipzig
created a framework plan that aims at preserving building ensembles as
well as increasing the size and connectivity of green space [17].

Doing so, a green belt with a length of ca. 600 m has recently been
build along a busy road (Fig. 1). It consists of two separate sections, each
with a distinct design. The first is 1.46 ha in size and densely planted with
trees. The dense, forest-like patch is reminiscent of the houses that once
stood there. The second part, 0.7 ha in size, has a park-like design with
lawns and fewer trees. For further information and plans, see [17].

The “Waldstadt” (forest city) Silberhéhe, Halle

Silberh6he was a prefabricated housing estate build between 1979 and
1989, ca. 212 ha in size (Fig. 2). It was erected for the workers of the
chemical industry south of Halle and in 1990 ca. 40,000 people lived
there. By 2005 the population had dropped by ca. 60 % to 15,608 and
according to the prognosis made by the city of Halle for 2015, a
population of just 9,600 is expected. The 14,550 units have been reduced
to 11,680 by 2005 due to demolition [18]. Still, the vacancy is 27 % and
demolition continues.

& [ park
park development

| I framing green space

& I forest development

[T reserved for development

500 m

aerial photos (c) 2010 Microsoft C and its data suppliers

Fig. 2. The urban reconstruction project in Halle.
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In order to cope with the development and to improve the situation for
the remaining residents, the “Waldstadt” (Forest city) concept was
developed. Step by step, preferably from the periphery to the central parts,
the surplus of housing stock is replaced by forests. The central part is
developed into a landscape park. 25 ha of new forests and 7 ha of new
landscape park are planned [18] (Fig. 2). Some land that is kept open
for possible future development is used as a short rotation biofuel
plantation [19].

Methods: Management options and their carbon footprint

There are several options for urban brownfields. Re-development is often
preferred but this is rarely an option in shrinking cities. 85 % of vacant
land created by demolition under the “Stadtumbau Ost” programme
remained vacant. Roughly two thirds of this land was turned into green-
space with most of it becoming lawns [20]. Besides turning the newly
created land into parks, other options are sports grounds, gardens, grow-
ing biofuel or planting forests. Another option is to do nothing and
allowing for natural succession. Each land use option comes with its own
carbon footprint. In the following, we look in detail at four management
options that are relevant for the studied sites: lawn, forest-like develop-
ment, park-like development, and poplar plantation for biofuel.

Lawns

One of the easiest and cheapest options for brownfields are lawns. After
demolition, soil is spread on the site and grass is sown. The above ground
carbon storage of lawns can be neglected [21]. Below ground carbon
storage is hard to predict, especially on the very heterogeneous infill like
it is encountered in Halle, Silberhohe [22]. However, as the management
involves fossil-fuel lawn mowers, it causes emissions. We have calculated
emissions for the case study in Leipzig. Mowing grass once a year by
riding mowers causes ca. 2.5 Mg CO, emissions per ha in 50 years,
mowing 10 times per year causes ca. 6.5 Mg CO, per ha in 50 years (see
[23] for details).

Forest-like development

While trees grow they sequester carbon through photosynthesis. We
conducted a life cycle analysis (LCA) for a case study in Leipzig. We
simulated tree growth over 50 years and balanced it against emissions
from construction and management. Tree density was 135 trees per ha,
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consisting of Norway Maple and European Ash in equal quantities.
Growth rates were derived from the street tree database of the city of
Leipzig. Ivy is used as ground cover, which causes few emissions from
management. Overall sequestration after 50 years is 210 Mg CO, per ha
at average growth rates (154 Mg CO, per ha at slow and 282 Mg CO, per
ha at fast growth, see [23] for details).

Park-like development

The carbon footprint of the park-like design was also calculated in a LCA
for the case study in Leipzig. Tree density is 94 trees per ha with Norway
maple and European Ash in equal quantities. Grass is used for ground
cover, which is mown once a year. Overall sequestration after 50 years is
146 Mg CO, per ha at average growth rates (106 Mg CO, per ha at slow-
and 196 Mg CO, per ha at fast growth, see [23] for details).

Biofuel plantation

There is little experience with biofuel plantations in urban settings. The
city of Halle has first planted poplars on brownfields, created by
demolition in 2007 [19]. There is a similar project in Dessau [24]. On
poor soil and without fertilizers, biomass production on short rotation
plantations can be expected to be 6 Mgy weight) ha’! a'1[25]. The calorific
value is 18.5 MJ kg™ [26]. This leads to an energy gain of 111 GJ ha™ a™.
Considering the calorific value of fuel oil of 42.61 MJ kg' and the
specific emissions of 267.762 kg CO, MWh™' [27] the emissions are 3.17
kg CO, kg In order to produce above mentioned 111 GJ, one has to
burn 2,605 kg fuel oil, which leads to the emission of 8.3 Mg CO,. One
ha of poplar plantation can, therefore. offset fossil fuel emissions of 8.3
Mg CO, per year. The true offset is probably slightly smaller as the
estimations are not based on a LCA. In a LCA of wood produced on
unfertilized short rotation plantations, the emissions where 11.5 kg CO,
per Mgry weight) [28]. No LCA for poplar wood produced on urban short
rotation plantation exists.

Scenarios

We calculated the CO, balance of both study sites for the existing plans
described above as well as two scenarios. In the first scenario we assume
that the brownfields are simply turned into lawns. This is a very likely
scenario as it is the cheapest. The second scenario assumes 50 % lawn
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and 50 % biofuel production on 2.16 ha in Leipzig and 32 ha in Halle.
This takes into account that residents will probably claim some of the
newly created space for themselves and that not all areas are suitable.

Results

The reconstruction project in Leipzig can be expected to sequester around
409 Mg CO; in the next 50 years. The much larger “Waldstadt” project in
Halle will lead to the sequestration of 6,272 Mg CO,. Just creating lawns
on the vacant sites would cause net-emissions of up to 14 and 208 Mg
CO,, respectively. The carbon offset by biofuel production is very similar
to the sequestration by trees (443 and 6,565 Mg CO, respective). Table 1
summarizes the results for the two case study sites.

Table 1. The carbon balance of the two reconstruction projects for a simulated
period of 50 years is shown in line one. Line two gives the carbon emissions if
just lawns are created. In line three the carbon offset of biofuel production on
50 % of the reconstruction project area is given.

Net CO, balance [Mg CO, -50a'1]

“Griines Band” Leipzig “Waldstadt” Halle
1. plan 409 6,272
2. lawn -5—--14 —80 — 208
3. biofuel 443 6,565

Discussion and conclusion

The urban reconstruction plans for both case studies lead to a net carbon
sequestration through tree growth. The predicted increase in carbon stock
is equivalent to emissions from 2.5 million kilometres travelled by car
(passenger car, average traffic mode, year 2000 [27]) in the case of
Leipzig and 38.9 million km in the case of Halle. Although this might
offset the emissions of a few inhabitants, it is clear that the mitigation
potential is small even on a local scale. In this vein, urban forestry
projects in shrinking cities are just one of the many small puzzle pieces in
the context of CO, emission and mitigation. Still, there are several aspects
that are worth taking a closer look.

First, we offer an extension to the common environmental impact
assessment by estimating the carbon footprint of alternative design
options. As it could be shown, the cheapest option of creating lawn comes
with net emissions that could be easily offset by planting a few trees.
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Second, biofuel plantations are an option worth considering. Even
assuming poor soils and using only 50 % of the area, the mitigation
potential is comparable to planting trees in parks and forests. For interim
use, a biofuel plantation is probably better than park or forest as it is low
in construction and maintenance effort and costs and considering that
trees only reach high sequestration rates after decades of growth. How-
ever, such plantations are more of an option for larger brownfields in the
periphery as they can be found in prefabricated housing estates.

Third, the indirect effects of tree planting on the carbon emissions
might be larger than the direct ones. The improvement of local climate by
well placed trees can significantly reduce energy need for cooling and
heating [29]. To our knowledge, there are no studies on this effect of
urban reconstruction projects yet.

Fourth, well designed urban green might change people’s perception
and behaviour. The positive effect of green space on physical and mental
health has been identified by several studies [30]. The newly built green
space in shrinking cities could encourage people to switch to cycling or
walking as a means of transport and encourage more local activities, thus
reducing the CO, emissions. These effects should be monitored.

Shrinkage, rather than growth are predicted to influence the urban
landscape in many parts of Germany in the future [31]. Or as Biickner
puts it: “We will have more space for less people” [24]. It should be seen
as a opportunity, rather than a burden. While cities should focus on
reducing their emissions, well managed shrinkage offers the opportunity
for mitigation in combination with increasing the well-being of urban
dwellers.
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Urban sprawl, food security and sustainability
of Yogyakarta City, Indonesia
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Abstract

The objectives of the study are: (1) to analyze the impact of urban sprawl
on farmland conversion by using landsat data, (2) to analyze the impact of
land conversion on food supply and food security, (3) to understand the
prospect of farming activities in the fringe area of Yogyakarta, and (4) to
find implication of urban sprawl towards sustainability of Yogyakarta
city. The study shows that urban sprawl causes the loss of food calories,
lowering food supply, the decrease of food security and the decline of
sustainability of farming activities that result in disharmonious urban and
rural relations and threaten the sustainability of the city.

Introduction

The fusion between urban and rural areas not only has been a main issue
in urban planning but it has also become a central theme of sustainable
city development. Such a “new” paradigm is being promoted based on the
fact that high interactions between urban and rural could be the important
factors of sustainable urban development. This is in contrast to what
people understand as modern city concept in planning system that attempts
to separate urban from surrounding rural areas.

The concept of urban-rural fusion by integrating urban and rural areas
becomes a promising approach in urban development since making a
sharp distinction between urban and rural areas in many cases has failed
in controlling urban growth mostly in developing countries. Therefore,
any notion to keep away rural sides from urban development is question-
able. Even in a broader sense, municipalities could be regarded as cities
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integrating everything from upstream forests to mid-stream farmland and
villages to downstream urbanized areas, even down to the coast (Takeuchi
et al. 2009).

Whatever the concept of urban-rural fusion for sustainable city is used,
the role of farmland in supporting the city live is not denied. Hence,
effective land use planning and policy in controlling farmland encroach-
ment surrounding the city becomes justified (Conklin and Bryant 1974:
Lapping 1975; Kanada and Irham 1998).

The study on the impacts of urban sprawl in the fringe areas has been
pioneered by some researchers such as Clawson (1971), Isberg (1975),
Furuseth (1982), Lockeretz et al. (1987) and Pacino (1990). From our
experience, serious impacts of uncontrolled urban sprawl in Asian
developing countries could be: (1) the massive loss of fertile farmland
causing food insecurity, (2) uncertain prospect of farming activities in the
fringe area that lead to continuous haphazard city growth, and (3)
sustainability of city lives becomes disturbed as more and more people
loss their opportunity to get food supplied by the city and its surrounding.

Other studies also show that urban and sub-urban agriculture often
provides a significant contribution to many major cities’ food self-
reliance (Soni and Salokhe, 2009). Needless to say, that the intensive
urban sprawl surrounding Yogyakarta city has lowered the potentiality of
sub-urban and urban farming that contribute to cities food supply. There-
fore, preservation of farmland becomes a key factor for sustainable city
development as urban people highly dependent on the availability of farm
production. Without an adequate protection of farmland, the country will
find difficulty to meet long term food needs for the growing population in
the city regions.

The objectives of the study are: (1) to analyze the impact of urban
sprawl on farmland conversion by using landsat data, (2) to analyze the
impact of land conversion on food supply and food security, (3) to
understand the prospect of farming activities in the fringe area of
Yogyakarta city, and (4) to find implication of urban sprawl towards
sustainability of Yogyakarta city.

Experimental — Method
The study was conducted in fringe area of Yogyakarta city covering some

part of three adjacent districts, namely Sleman district (most favourable
region), Bantul district (less favourable region) and Kulonprogo district
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(least favourable region). Forty seven villages within those three districts
are selected as samples, 18 villages in Sleman, 13 villages in Bantul, and
16 villages in Kulonprogo (Figure 1).

Landsat data of 1996 and 2007 are used to analyse the dynamics of
land conversion taken place in all villages of the study area. The area of
converted farmland is obtained by overlaying those two sequential years
of the landsat data. From the selected villages, 201 farmers (50 farmers in
Sleman, 48 farmers in Bantul and 103 farmers in Kulonprogo) were
interviewed to get information on their views regarding food security and
prospect of farming activities.

R=CL Sy

Fig. 1. Location of study.

Food loss is calculated from potential rice production of converted
farmland based on its planting pattern in each village. The rice production
is then converted into calories to get the amount of forgone calories or
number of people who lost opportunity to consume the available calories
in the study area.

Food security is analyzed by applying Jonsson and Toole (1991)
method and its modification. The method is simply calculating the ratio of
compartment expenditure on food to percentage of energy sufficiency.
The result of the ratio is categorized into four categories: food secure,
vulnerable, questionable and food insecure. This method is then modified
by using ratio of income to expenditure of farm household instead of
farmers’ expenditure alone as used in Jonsson and Toole method. The
result of the calculation is divided into 8 categories: food secure-stable,
food secure-less stable, food secure-unstable, vulnerable, questionable-
high saving, questionable-adequate saving, questionable-without saving,
food insecure.
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Prospect of farming activities is analyzed by applying Lockeretz et al.
(1987) method by asking land-holding farmers about two aspects (1) the
existence of their farmland during the last five years and (2) the farmers
plan and expectation about their land for the coming five years. The
farmers’ view is obtained by giving them questions on those two aspects
related to: land size, irrigation, productivity, income, farm inputs, capital
and local culture. Another two questions are added to the second aspect
related to future plan and inheritance matter of their farmland. Score (1-3)
is given to the farmer’s response on each question. Score 1 is given to
pessimistic response, score 2 is neutral, and score 3 to optimistic response.

Results and discussion

One of the impacts of urban sprawl is conversion of farmland to other
uses. Since Yogyakarta is not a typical of industrial city, the most
distinctive farmland conversion in the fringe area of the city is to housing.
Massive development of housing complexes taking place during the last
twenty years becomes the main cause of high conversion rate. There is a
strong relation between the rate of conversion and the closeness to the
city center as reflected in low, middle and high conversion rate (Figure 2).
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Fig. 2. Convertion rate in fringe area of Sleman, Bantul and Kulonprogo.
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In the area of Sleman district (most favorable region), 922 ha of fertile
farmland has been converted mostly to housing complex, with the rate of
conversion about 33% during the last ten years (3.3% annually). In Bantul
district (less favorable region), the converted area is nearly 1900 ha with
conversion rate 4.3% annually. Although Sleman is the most favorable
region, but the conversion rate is a little bit lower than that of Bantul since
the fastest conversion process in Sleman took place during 1990s.

Since Kulonprogo district is the least favorable region, it shows much
lower rate compared with that of other two regions. The converted area of
farmland is counted to 1,085 ha during the last ten years. The conversion
rate is just 1.7 % every year. Similar to Bantul district, the massive
conversion has been taking place during the last ten years.

Land conversion and Food Loss

The direct impact of farmland conversion is the loss of food especially
rice (as main staple food). The result of analysis shows that almost 20 ton
of rice was lost in the study area every year due to conversion (4.6 ton in
Sleman, and 9.4 ton and 5.4 ton in Bantul and Kulonprogo, respectively).
If the amount of rice is converted into calorie and number of people who
consume that calorie, it is found that more than 25 thousand people lost
their opportunity to get food in Sleman, 42.3 thousand people in Bantul,
and 48.5 thousand people in Kulonprogo (Figure 3).
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Fig. 3. Land conversion and loss of food calories.
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The Figure shows that the loss of calories and the number of people
who lost the opportunity to get food due to conversion are increased as
the rate of conversion is increased, except in Bantul. The decreasing trend
of food loss in Bantul district may be because of the success of local
government in improving rice yield.

Food Supply and Food Security

From landsat data 2007 it can be estimated the amount of food supply
through potential production of rice in each village sample. It is found
that the amount of food supply is estimated to be 51.8 million calories
which is equivalent to 64.5 thousand people in Sleman district. The
supply of food in Bantul district is estimated to be 55.8 million calories,
equivalent to 69.4 thousand people. While in Kulonprogo district, it is
estimated to be 42.7 million calories equivalent to 52.2 thousand people
(Table 1). Dividing the number of equivalent-people to the total population
in each village, the supply of food is enough to provide only 25.3% of the
entire population in Sleman, 34.2% in Bantul, and 67.9% in Kulonprogo.
Consequently, the rest of the food should be supplied from outside the
village.

Table 1. Calorie supply and number of people provided, 2007.

Calories Eq. number of % to total

(million) people (thousand)  population
Sleman 51.8 64.5 25.3
Bantul 55.8 69.4 342
K.progo 42.7 52.2 67.9

The availability of food (food supply) will determine food security in
the study area. By using Jonsson and Toole (1991) method and the
modified one, it is found that the higher the conversion rate, the lower the
food security both in Sleman and Kulonprogo districts (Figure 4).
However Bantul shows a decrease trend of food security as the
conversion rate increases. This is most probably due to a successful effort
of the local government in promoting food diversification.



Urban sprawl, food security and sustainability of Yogyakarta City 77

SLEMAN DISTRICT BANTUL DISTRICT

o - M ®w A O B N ®
S - N w & o

Middle High
Middle
Level of Conversion Level of Conversion
[l Jonsson Toole Method Il Modified Method 0 Jonsson Toole Method [ Modified Method

KULONPROGO DISTRICT

8
7
6
5 I S B S I —
4 B S B S — I I
34 I I I I
24
1

Vi1 | Vi3 | ViL4 | VL5 | VL6 | ViL7 | VL7 | VI8 | Vi.9 | Vil.12 | Vi.13 | Vil. 15 | Vi. 16

Low Middle High
Level of Conversion
| Jonsson Toole Method @ Modified Method

Fig. 4. Land conversion and food security.

Prospect of Farming Activities

The prospect of farming activities to some extent reflect the farming
sustainability in the sense that the more prospective of farming activities,
the higher the sustainability. The prospect of farming activities can be
seen from two combined perspectives of farmers’ view on their farmland:
the existence of farming during the last five years and the farmers’ plan
and expectation on their farmland for the coming five years (future plan).

By using LFS (level of sustainability) score, it is found that the higher
the rate of conversion, the less prospective (less sustainable) of the
farming activities in Sleman distrct (Figure 5). From the farmers’ view,
such tendency is mainly caused by their future plan rather than by the
farming existence during the last five years.
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Bantul district shows a similar tendency like that of in Sleman district.
The higher the conversion rate, the lower the sustainability of farming.
The main cause is due to their future plan on their farmland. This is
different from that of Kulonprogo district. Although it has a similar trend
in LFS score, but the main reason for the lower sustainability is mainly
because of the condition during the last five years, namely when the
intensive conversion occurred.
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Fig. 5. Land conversion and farming prospect.

Urban Sprawl and Sustainability of City

The impact of urban sprawl towards farmland in the fringe area has
a number of implications. Massive land conversion surrounding
Yogyakarta city has been resulting in the loss of food production, and
hence the decline of food supply. The analysis clearly shows a significant
decline of food supply within the fringe area of Yogyakarta city during
the last ten years. The most severe impact occurs in Sleman, followed by
Bantul and Kulonprogo.This condition eventually threaten the urban-rural
relations, hence, urban development becomes less sustainable.
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Urban sprawl also becomes the key factor of food insecurity since
more people lost their opportunity to get food from the available farmland
production in each village. The result of the analysis shows that, the
higher the conversion rate the lower the security or the higher the
insecurity. Food insecurity not only cause a negative impact on urban
development but also towards national food sufficiency program since
farmland conversion has also been taking place in all other cities in the
country.

Uncertain prospect of farming activities within the fringe area is
another threatening factor toward urban-rural relation. The LFS score
provides an indication of farming activities to be less sustainable. The
higher the conversion rate, the lower the sustainability of farming
activities, and therefore, the urban development.

Based on the aforementioned above, therefore, protection of farmland
should be part of the urban development planning and policy in order for
the city to be sustainable. This is in line with the fusion concept in that
urban and rural relation and activities should be harmonious. In the case
of Yogyakarta, strong control of housing development is badly needed.
Local government needs to implement seriously strict regulation and
sanction not only towards housing developers but also district officials
who have responsibility towards improper housing development process.

Based on the view of farmers, it is important to keep farming activities
attractive for the farmers. Therefore, subsidies for the farmers to keep
farming operation feasible can be one of the important solutions.
Provision of incentives such as tax relief is another important solution to
be applied.

Food sufficiency and food security has become one of the main
policies of the Indonesian government. For the sake of food sufficiency
and food security program, the government with the support of House of
Representatives is now in the process of imposing a fixed farmland area
in every district through zoning ordinance. In this case, the role of local
government becomes very important in succeeding such a program.

Conclusions and Recommendations

1. The loss of food (calories) and the number of people who lost the
opportunity to get food due to the urban sprawl are increased as the
rate of conversion is increased, except for Bantul. This is most
probably because of the success of local government in improving rice
yield.
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. There has been a significant decline of food supply within the fringe

area of Yogyakarta city during the last ten years due to conversion of
farmland that negatively affects food security in the study area. The
study found that the higher the conversion rate, the lower the food
security except in Bantul due to the successful effort of local govern-
ment in promoting food diversification other than rice.

. Low food security not only cause a negative impact on urban develop-

ment but also towards national food sufficiency program since farmland
conversion has also been taking place in other cities all over the
country. Based on the LFS score, the study concludes that the higher
the rate of conversion, the less prospective the farming activities and
therefore its sustainability.

Since urban sprawl has been resulting in production loss, food
insecurity and unsustainable farming activities that eventually affect
the sustainability of the city of Yogyakarta, the protection of farmland
should be part of the urban development planning and policy not only
at municipality and district levels but also at central government level.
Local government needs to implement seriously strict regulation and
sanction not only towards housing developers but also district officials
who have responsibility for the improper housing development process.

. In order to secure food sufficiency and food security in the long run in

supporting harmonious urban-rural relations, the government plan
to impose a fixed farmland area in every district through zoning
ordinance should be fully supported.

Provision of incentives for the farmers such as tax relief and subsidies
to keep farming operation feasible and attractive should be implemented
as one of the conditions for sustainable farming activities in the fringe
area.
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The local food system as a strategy for the rural-urban
fringe planning — a pathway towards sustainable city
regions
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Abstract

Sustainable city region addresses the need for city regions to be self suf
lyse the local food system as a strategy for planning the rural-urban
fringe, a part of the city region where most of the resources to support the
food production are prevalent.

A lesson from the Jakarta Metropolitan Region (JMR), Indonesia
shows that the failure in planning the rural-urban fringe undermines the
ability of this city region to be self sufficient in relation to the provision
of food. To this extent, the local food system serves as distinctive strategy
to underpin the rural-urban fringe planning.

Introduction

Background

Agenda 21 addressed two major themes to improve the achievement of
sustainable development. First, Chapter 5 calls for actions to enhance the
life support system, which addresses the need to provide the growing
population with adequate foods for their continuance of life [20, 21, 26,
35,]. Second, Chapter 28 calls for local authorities to undertake local
actions towards sustainability, where with their capacity as the closets
level of government to the community are capable to set sustainability
priorities more effectively [1, 32].

Enhanced life support system refers to the ability of a certain
geographical region to be self sufficient in relation to the provision of
food, which refers to the use local agricultural resources efficiently [29,
33, 38]. For regions that have been largely urbanised, where most of the
resources to support the food production (e.g. agricultural lands and the
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community that is engaged in farming activities) are scarce, the rural-
urban fringe would nevertheless be an essential component to endure
agricultural activities.

The rural-urban fringe is a set of dispersed landscapes surrounding the
urban areas where the agricultural resources comprising significant
proportions of prime agricultural lands and the community that is pre-
dominantly engaged in the agricultural activities are the attributes of this
area [6, 7, 10, 14]. Despite the attributes they have, the rural-urban fringe
is a vulnerable part of the region that is facing serious threats from urban
sprawl [6, 13, 14, 16, 37, 39].

The urban sprawl itself is often uncontrolled due to failure of planning
to address an appropriate strategy to protect the attributes of the rural-
urban fringe from the ever expanding urban areas [15, 36]. Compacting
the existing built up areas and applying a strict regulatory zoning, which
aims to slow down the urban sprawl have been the most common
strategies [2, 5, 18, 23, 41]. However, these strategies only focus on
spatial matters while disregarding the socioeconomic factors that may
underpin the protection of the rural-urban fringe.

Socioeconomic factors are the significant contributor to the urban
sprawl. For example, the urban sprawl in the Jakarta Metropolitan Region
(JMR), Indonesia had been largely caused by the massive development of
new towns and industrial estates, which started in the early 1990s. The
urban expansion attracted landowners to take advantage by selling their
agricultural lands to private developers in order to gain greater revenues
[10, 11]. Meanwhile, the industrialisation itself attracted farmers to
abandon their agricultural activities to work in the industries that may
offer higher incomes [24]. The effect to agricultural sector for instance, is
the declining productivity of rice up to 25.73% between 1996 and 1999
[8]. In this case, strengthening the motivation of landowners and farmers
to keep participating in the agricultural activities is considerably
important to be addressed in planning.

Research Aim and objectives

The aim of this study is to analyse the local food system as a strategy to
underpin the rural-urban fringe planning as an initiative to achieve
sustainable city regions. The three objectives of this study are:

1. To identify the features of local food system as a strategy associated to
sustainable city regions in planning the rural-urban fringe;
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2. To analyse the failure in planning the rural-urban fringe that is
affecting the ability of city regions to be self sufficient in relation to the
provision of food;

3. To recommend a strategic approach to underpin the rural-urban fringe
planning to enable city regions to be self sufficient in relation to the
provision of food.

Research methods

This study is a literature-based research that will be investigated through a
case study method. The major components of the case study method
include the propositions, logic linking data to the propositions and criteria
for interpreting the findings [42]. The advantages of the case study
method [9] are:

1. It allows the researcher to explore information from particular places in
a certain period without a direct observation, which means the effective
use of time to collect valuable information

2. Case study method consults the findings from previous studies,
therefore, the researcher can learn from the perspectives of different
experts who already investigated researches in the related area.

However, the weakness of this method is that the findings are difficult
to be generalised and the knowledge resulted from the study may not be
applicable elsewhere [17, 19].

Results and discussion

The Rural-Urban Fringe

Rural-urban fringe is a set of dispersed landscape surrounding the urban
areas that can contain significant proportions of prime agricultural lands
[6, 14]. It is an area where the community is predominantly engaged in
the agricultural activities as a source for income and as a media to interact
with each other [7, 10].

Ironically, the rural-urban fringe is described as the landscapes that will
no longer persist their “rural amenities” and is about to transform to
suburbia [6, 13, 14, 16, 37, 39]. There are two main causes for this. First,
is the pressure of population growth in the urban areas and second is the
invasion of urban infrastructure development.
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The rural urban fringe is a part of the city region where the population
growth is higher than the urban centre. For example, the population
growth in the rural-urban fringe of Jakarta, Indonesia between 2004 and
2007 was above 2.5% in average, which is far above the national average
of 1.97%, while the urban centre (Jakarta) only experienced a 0.67%
growth per annum. [22]. Apparently, the population growth attracted the
growing demands of housing that caused a massive urban infrastructure
development in the rural-urban fringe [6, 10, 39].

The invasion of urban development turned the rural-urban fringe to a
place where development and conservation compete for spaces. Yet
unfortunately, the land is valued from their potential to be developed into
urban uses rather than the agriculture or environmental amenities they
offer [13, 16, 37, 39]. Moreover, as rural-urban fringe is located only
about 10 to 50 miles from the centre of cities, which is considered as
“accessible” to the urban centre, more people prefer to commute rather
than living in cities that is associated with the high property tax and hustle
environments [7, 13].

The Challenge of Planning

Planning is one of the essential tools to achieve sustainable development.
The process of planning in achieving sustainable development, which
includes the formulation of objectives, methodologies, setting clear
strategies, and means of implementation, is a useful guide to addresses the
message of “think globally and act locally” [27]. This implies that a
planning framework should notice cross boundary issues that will be
delivered in local actions. Acting locally means considering the “local
people” as the heart of development where planning initiatives must
clearly address the human needs and how to shape a better interaction
between human and their environment [4].

Literatures on rural-urban fringe identified two major failures of rural-
urban fringe planning. First is the scale problem, featuring the difficulties
to deal with cross boundary issues involving different levels of authorities
[27]. Second, is due to the absence of a distinctive strategy to deliver
sustainability outcomes at the rural-urban fringe [36].

Recent studies on rural-urban fringe planning mainly consider the
landscapes as “phase” of urban development rather than a “space” with
their own rights [36]. Spatial planning had focused more on the
management of territorial boundaries and treated the rural-urban fringe as
the landscapes that offer opportunities to expand the urban development.
Meanwhile, efforts to promote development that will deliver greater
benefit to the local people and more likely to protect the rural amenities of
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the landscape (e.g. urban agriculture) is unprecedented [3]. Planning often
failed to address a distinctive strategy to manage the lands and improve
the mutual interactions between human and the environment, because
they consider that changing the landscape into urban uses can be more
economically beneficent [36]. As long as rural-urban fringe is valued as a
“phase” of the urban development, the rural amenities (e.g. agricultural
lands and the community that is engaged in farming) within the rural-
urban fringe will disappear alongside the urban expansion.

The Significance of Local Food System

The mainstream of sustainable city region as to the context of this study is
to develop an enhanced life support system, which implies to the ability
of city regions to be self sufficient in relation to the provision of food.

The local food is contextualized as a “strategy” that incorporates strong
community participation and the efficient use of local resources to
produce the food for the fulfilment of local consumptions [29, 33, 40].
There are two main reasons why a local food system represents a high
level of sustainability. First, besides promoting the efficient use of resources
(from being self sufficient in food), it encourages the city region to
allocate adequate amounts of green open spaces to accommodate agri-
cultural activities. Second, as it requires strong community participation,
a local food system empowers people to take advantage of income
generation from a sustainable job (e.g. participating in farming activities)
while also improving social cohesion.

For densely populated city regions, where the built up areas are inten-
sive, there is a question regarding the available spaces for the agricultural
activities. In this circumstance, considering the rural-urban fringe is
reasonable. The rural-urban fringe within city regions can contain prime
agricultural lands [6, 14]. These lands can also be the homes of people
who are mostly engaged in the agricultural activities, providing cultural
identity as well as an important source of income [7, 10]. The agricultural
lands and the community that is engaged in the agricultural activities are
the attributes of the rural-urban fringe, which are potentially capable to
support the local food system.

Ironically, rural-urban fringes are vulnerable landscapes threatened by
urban sprawl. They are often valued as a landscape in transition, where
the agricultural lands are about to transform into urban uses and the
community’s source of income will shift from primary activities
(agriculture) to secondary and tertiary based activities [6, 13, 14, 16, 37,
39]. Therefore, the loss of rural-urban fringe attributes implies to the loss
of opportunities to develop a local food system as a strategy to enhance
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the life support systems of city regions. In other words, to plan a local
food system successfully means preventing the attributes of the rural-
urban fringe from disappearing due to urban sprawl.

Failures in Planning the Rural-Urban Fringe — Lesson from the JUR

The experience of JMR illustrates the tangible problems relating to the
research question. Urban sprawl in JMR resulted in a decline in the
productivity of the agricultural sector due the loss of agricultural lands
and the socioeconomic transition experienced in the rural-urban fringe.
This transformation made it difficult for this city region to be self
sufficient in relation to the provision of food.

Overview of the Region

The JMR includes five regional territories namely Jakarta, Bogor, Depok,
Tangerang and Bekasi, covering an area of 618,919.00 Ha and located at
the most densely populated areas in Indonesia. The total population of
this city region in 2007 was more than 24 million people with an average
annual growth rate of 2.02% [22].

The centre of this City Region is Greater Jakarta, the capital city of
Indonesia. The rural-urban fringe surrounding Jakarta (Bogor, Depok,
Tangerang and Bekasi) is a vast and rapidly growing region and is
affected by urban sprawl and the impacts of economic spillovers from
Jakarta [12]. The population at the urban centre (Jakarta) has shown a
slow and steady growth of 0.67% per annum from 2004 to 2007, while
the surrounding regions experienced a significant growth of higher than
2.5% per annum [22]. This is caused by a high rate of migration from
Jakarta to the rural-urban fringe as a response to the urban sprawl
phenomenon.

The JMR Sprawl

Urban sprawl started during 1980 to 1990 where the population growth
was at the rate of 3.5%, which was above the national average growth of
1.97% per annum. However, the urban sprawl of Jakarta was largely
influenced by the private sector that began developing new towns and
industrial estates, turning the JMR into a large polycentric region. Further
to this phenomenon, on average, 2.71% of the agricultural lands were
converted into urban uses every year during 1994-2001.

Up to 2005, the development of new towns and industrial estates in the
JMR consumed 52,001 ha of lands covering 8.4% of the total area of
JMR. The new towns are mainly low-density settlements occupied by
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residents in the middle to higher-income groups [11]. Some of the houses
are unoccupied because the owners purchased the property only for
speculative investment purposes, while they remain settled in Jakarta.
Meanwhile, other residents preferred to move to the new towns due to
rising property taxes and cost of living in Jakarta [10].

The urban expansion (new towns and industrial estates) is a result of
the ‘leapfrogging’ of development. The polycentric development trans-
formed this region into a powerful growth pole that stimulates the growth
of its own surrounding areas. Bekasi was once Jakarta’s rural-urban
fringe, which was dominated by traditional agricultural activities, and
now had become a densely populated urban area.

The Socioeconomic Transition

Apart from the leapfrog development, the urban sprawl and economic
spillovers of Jakarta also resulted in a transition in relation to economic
and social structures. As the economic activities have shifted from the
primary sector (agriculture) to the secondary and tertiary sector (industry
and services), there has been a considerable decline in the number of
people engaged in the agricultural sectors [24].

There are two main reasons for this shift in the labour force from the
primary agricultural sectors to the industrial sectors. First, the ex-farmers
with higher educational qualifications were able to meet the required
skills in the industrial sector and moved to this sector to improve their
income. Second, as most of Jakarta’s rural-urban fringe has been urbanised,
fewer farmers were willing to maintain their activities due to the increased
land rents [10].

Besides the declining percentage of workers in the agricultural sector,
the influx of people into the rural-urban fringe contributed to a change in
the lifestyle of the community. The rural-urban fringe community is adopt-
ing an urban lifestyle, moving away from their rural attributes (cohesive
community with their traditional farming activities) [24]. Furthermore,
the urban sprawl also attracted landowners to take advantage by selling
their agricultural lands to private developers, which offered them greater
revenue than could be achieved by occupying the land and engaging in
agricultural activities [10, 11].

The Impacts toward JMR’s Food System

The decrease in the number of people working in agricultural sectors,
coupled with the conversion of agricultural lands to urban uses has
resulted in the declining productivity of the agricultural sector. The
Department of Agriculture recorded a 27.53% deficit of the paddy field
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productivity in the JMR during 1996 to 1999. Despite the slight increase
of the total harvested area, the paddy fields in the JMR, especially in the
surrounding regions declined at a rate above 5% per annum in every
region.

These phenomena raised a question regarding the JMR’s food supply.
The absence of adequate agricultural lands to accommodate food pro-
duction in the JMR is an obstacle to the optimisation of local resources
for food production. For example, the national average rate of rice
consumption per capita in 1999 was 0.12 tonne per annum [8]. Assuming
that the population of JMR consumed rice at the same amount as the
national rate, it implies that there was approximately 2.96 million tons of
rice consumed within the JMR. By looking at the annual productivity of
the JMR’s paddy field, the local production of rice can only cover about
13.18% of the total demand in the JMR.

Recommendations

Approach to Problem Solving

To make resilient the agricultural sector in regions like JMR needs more
than just a “spatial” approach (e.g. green belt, urban compaction). It needs
a strategy that ‘motivates’ farmers and landowners to participate in the
agricultural activities and understand the value of it rather than a strategy
that focuses only on preventing the lands from disappearing. From this
point, solving the typical problems experienced by the JMR would be best
by considering the “Urban Agriculture” approach. Urban agriculture
refers to involvement of the community’s participation in the food
production by giving them the opportunity to grow crops in their
neighbourhoods, where larger portion of the food produced will be
consumed at the household level [30]. Yet, not many of the urban and
regional planning considers integrating this strategy as a larger part of the
initiatives.

Implementing the Local Food System — a Lesson from Havana, Cuba

The reason to learn from the experience of Havana is that the local food
system was practiced as a part of their cultural identity, which has
successfully improve the community’s income and considerable improve-
ment to the environment. Unlike other regions (e.g. Tanzania, Uganda,
Zambia, Zimbabwe and other African Nations) where the community was
forced to grow their own foods because of their lack of purchasing power
(poverty), the practice of urban agriculture in Havana was a prestigious
program that is supported by the government [28, 31].
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The practice of urban agriculture emerged following the collapse of the
Soviet Union together with the termination of trade and agricultural aid
from the Council for Mutual Economic Assistance (COMECON) in 1989.
During this period, the Cuban agriculture sector reached its nadir causing
the decrease in the average daily per capita caloric and protein
consumption by 20% and 27% respectively between 1989 and 1992 [28].

In response to the situation, the government through the Ministry of
Agriculture initiated the urban agriculture program in 1991. This program
encouraged the community to produce foods in their own gardens for the
most of their daily consumption. For farmers who were unable to obtain
spaces in their nearby neighbourhoods, the government encouraged them
to build a club and provide them the state owned gardens to be cultivated
at no cost. The government organised this program by addressing a strong
and centralised policy directions, combined with decentralised actions to
monitor and provide technical assistance. As a result, more than 26,000
gardens located at the inner urban and the rural-urban fringe of Havana
were occupied ranging from high yield organic gardens to household
sized site for household self-provisioning where involving more than
22,000 producing units [28, 34].

Through Urban Agriculture, Cuba showed a remarkable resilience after
the gloomy episode of the agricultural sector during 1989 to 1992. The
urban agriculture program managed to increase the production of foods
dramatically. For example, the production of vegetables increased by 78%
during 1994 and 2005 and reached an average of 1 kg per capita per day,
which is far above the FAO’s recommendation of 0.3 kg [25].

Further to the dramatic increase of food production, the urban agri-
culture was successful to improve the economy at the community level.
Besides the profit they gained from selling the produce, the local food
production covered approximately 60% of the household food consump-
tion, which enables the farmers to save up to 40% of their income that
they usually spend on foods [28]. Moreover, this program managed to
generate employment, where there were 350,000 well-paid workers
engaged in the urban agriculture in 2006 [25].

Besides the income opportunities offered by the urban agriculture,
another factor that supported the willingness of the community to
participate in this program was their cultural values. For farmers who
cultivated their own gardens, which is mostly an adjacent space to their
house, the gardens served as an extended part of their home. The way
they design and display their gardens represents the family’s identity and
their pride of being a part of the urban agriculture. Meanwhile, for
farmers who joined a club, their agricultural activities served as a media
to improve the social cohesion [34].
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By looking at the gap between the experience of the JMR and the great
achievement of Havana, there three key concepts that the strategy to
implement the local food system in the JMR should consider:

1. The government should resolve the scale problem and build on
collaborative planning to develop the local food system strategy.

2. To the evidence that that the greater cause of urban sprawl was
influenced by the private developers, the need to manage the urban
sprawl should consider to cooperate with the private developers in
order to control the urban development.

3. Regarding the loss of the rural-urban fringe attributes (agricultural
lands and the community that are engaged in farming activities); there
should be a mechanism to encourage the community, especially
farmers and landowners, to maintain the agricultural activities. The
mechanism should ensure that agricultural based jobs are capable of
generating better income opportunities together with the improvement
of the social cohesion.

Conclusion

The local food system represents a high level of sustainability because it
promotes the efficient use of resources (from being self sufficient in food)
and empowers people to take advantage of income generation from a
sustainable job (e.g. participating in farming activities) while also
improving social cohesion.

Based on the findings, the JMR is considerably unsustainable. The
development of the JMR, which triggers the urban sprawl, caused the loss
of agricultural lands in the rural-urban fringe at a rate of 2.71% per
annum during 1994-2001. Furthermore, the number of the community
who were engaged in the agricultural sector declined by 13.52% during
1980-1990 which was followed simultaneously by an increase in
employment in the industrial sector.

The declining agricultural lands and number of community working in
the agricultural sector contributed to the decline of agricultural
productivity. For instance, the paddy fields experienced a sharp decline
by 27.53% during 1996 to 1999 making the local resources can only
cover 13.18% of the JMR’s demand on rice. The findings indicate that the
JMR is far from being able to be self sufficient in relation to the provision
of food.

To make resilient the agricultural sector within the rural-urban fringe of
the JMR needs more than just a “spatial” approach. It needs a strategy
that ‘motivates’ the willingness of farmers and landowners to participate
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in the agricultural activities. To this extent, the local food system serves
as the distinctive strategy that is expected to prevent and improve the
productivity of the available agricultural lands and ensure the community
to have better income from farming, while simultaneously enable the city
region to be self sufficient in relation to the provision of food.
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Abstract

AQA, the Air Quality Model for Austria, uses ALADIN-Austria meteoro-
logical forecasts in combination with the chemical transport model CAMx
to conduct forecasts of gaseous and particulate air pollutants over Austria.
For a short episode in January 2007 with enhanced PM,, concentrations
caused by a pronounced temperature inversion in Kittsee in NE Austria,
model predictions of vertical profiles of wind and temperature are
compared to data of a Sodar-RASS operating at this site from 2006 to
2007; predictions of PM,y are compared to data of the Kittsee air quality
station. The results indicate that the model is able to reproduce this
complex situation only after an adjustment to the low-level wind field
based on a detailed analysis of the situation.

Introduction

The area around Vienna in Eastern Austria is often affected by high ozone
levels in spring and summer as well as high PM;, pollution in winter. The
regional weather forecast model ALADIN-Austria of the Central Institute
for Meteorology and Geodynamics (ZAMG) is used in combination with
the chemical transport model CAMx (www.camx.com) to conduct
forecasts of gaseous and particulate air pollutants over Austria. The Air
Quality model for Austria (AQA) uses ALADINs horizontal resolution of
9.7 km. Since 2008 the higher resolved ALARO with a horizontal
resolution of 4.9 km and more vertical layers than ALADIN is also
available.
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A SODAR-RASS system of ZAMG was operated from February 2006
to May 2007 at the Austrian site Kittsee near Bratislava, Slovakia. Based
on the profile measurements of this system and simultaneous PM;,
measurements, an episode in January 2007 with a developing inversion
which led to elevated PM,, concentrations is chosen to investigate if the
models can reproduce such complex situations. The meteorological
forecasts of the two models ALADIN and ALARO are compared for this
selected episode to the measurements. Air quality simulations with input
fields obtained from both models for CAMx are conducted and the
calculated PM;, concentrations are compared to the measurements at
Kittsee.

Model components and experimental setup

The air quality model system consists mainly of three parts that are linked
together: the meteorological model ALADIN/ALARO, the emission
model that converts different emission inventories to the modelling grid
and the dispersion model CAMx (Fig.1).

ARPEGE

EMEP data
(50kmx50km)

Total Ozone
Column - ECMWF

Boundary
Conditions

™

Regional
inventories
(5kmx5km)

48 hours forecast: hourly ozone distribution

Fig. 1. ALADIN-CAMx — air quality modelling system.

CAMx (v5.00, “Comprehensive Air quality Model with Extensions™)
simulates the emission, dispersion, chemical reaction, and removal of
pollutants in the troposphere by solving the pollutant continuity equation
for each chemical species on a system of nested 3D grids. A two-grid
nesting is used with a coarse grid over Europe and a finer grid for the core
area covering Austria. The meteorological fields are supplied by the
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limited area models ALADIN-Austria (http://www.cnrm.meteo.fr/aladin/)
and ALARO-Austria. The meteorological fields have a temporal resolution
of one hour.

The model system generally uses EMEP emissions. For the countries
Austria, Czech Republic, Slovakia and Hungary, the original 50 km x 50
km data are downscaled to 5 km x 5 km based on an inventory from 1995
[1]. In addition, a new highly resolved emission inventory for the City of
Vienna [2] is used for this area. The emission model SMOKE (Sparse
Matrix Kernel Emissions Modeling System, [3]) is used to calculate the
biogenic emissions.

The measuring principle of the Sodar/RASS system is remote sensing
by electromagnetic and sound waves. It is a combination of an acoustic
radar (Sodar) and two electromagnetic grid antennas. The antenna of the
Sodar consists of 64 horns and serves as a transmitting and receiving
system for sound waves (2 kHz). The frequency shift of the signal due to
the Doppler effect is used to determine the 3-D wind. The scattering of
radio waves (1290 MHz) to sound waves (2 kHz) is used to determine the
temperature, by applying the temperature dependency of the sound
propagation velocity. Inversion heights, mixing heights and temperature
gradients can be determined from the temperature profiles.

The system was operated in Kittsee in the East of Austria near the
Slovakian border from February 2006 to May 2007. The location of the
measurement instruments is characterized by very flat agricultural terrain.
The dominant anthropogenic emission sources are in the vicinity of
Vienna (NW, 40 km) and Bratislava (NE, 5 km). Fig. 2 shows the align-
ment of the instruments. The air quality station (green container) and a

Fig. 2. Measurement instruments in Kittsee.
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ground based ultrasonic anemometer (10 m mast) can be seen in the back-
ground. The SODAR-RASS system measures meteorological profiles
from 50 m above ground in 25 m intervals up to about 600 m.

Results and discussion

For the evaluation, a short period of an evolving inversion in mid-January
2007 (Fig. 3) detected by the RASS and leading to enhanced PM;,
concentrations in Kittsee was chosen.

RASS temperfture prof]
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e BEESUETRENEQLEINNESE

[P N— . o [ RPNy ¥y T ——— tan—

Fig. 3. RASS temperature (left) and wind (right) profiles up to 600 m from 16 to
18 January 2007.

On the 17™ the air is characterized by stable conditions. Within the left
rectangle in Fig. 3, the inversion strengthens until the temperature increase
reaches values of up to 10K/400m at midnight to 18" January; the base of
the sharp temperature increase descends from about 400 to about 200 m.
The wind turns from south-east to north-east. The PM;, concentrations
increase with the wind turn and the evolving inversion and reach
maximum values of 100 pg/m* at midnight (Fig. 4). Both models cannot
predict these high concentrations during this episode. However, in [4], a
good performance of especially the ALARO model in predicting PM;,
concentrations during the whole month of January 2007 is demonstrated.

In the following, the vertical temperature and wind profiles of the
RASS at 13:00 UTC on 17" January 2007 at the onset of the pronounced
inversion are compared to the ALADIN and ALARO predictions. The
RASS shows the inversion base in around 200 m (Fig. 5). Both models
fail to predict the strength of the inversion, but ALARO shows slightly
stronger temperature gradients than ALADIN.
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Fig. 4. Time course of PM,, concentrations measured at Kittsee and predicted
with ALADIN-CAMx and ALARO-CAMX; period is from 16" to 18" January
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Fig. 5. Temperature profiles of ALADIN (left) and ALARO (right) compared to
the RASS temperature profile (symbols) on 17" January 2007, 13:00 UTC.
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At the same time, ALARO-CAMXx calculates lower PM,, concentrations
than ALADIN-CAMx. The modelled concentrations of both models lie
below the measurements (Fig. 6).

PM10 profile - 17/01/2007 13:00

Height
o
=}
(=]

0 10 20 30 40 50

OBS: 79 pg/m?  |PM10[ug/m’]

Fig. 6. PM,, profiles of ALADIN (solid) and ALARO (dotted) on 17" January
2007, 13:00 UTC.

The reason for the discrepancy between observed and predicted PM;,
concentrations displayed in Fig. 6 can be attributed to deviations between
observed and modeled near-surface winds (Fig. 7). The absolute wind
speeds are by a factor of approximately 2 weaker in the models than
observed, whereby ALARO performs slightly better than ALADIN. The
observed winds from NE transport the high PM;, concentrations of
anthropogenic origin from Bratislava to the rural site of Kittsee. Both
models pred