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Urban systems are facing an increasing number of challenges. These include the impact of urban systems on the 
local environment and on the global climate itself, both of which constitute major policy issues. The development 
of sustainable urban systems involves complex and interdependent social and physical factors, which can 
be understood through the use of increasingly sophisticated models. Despite recent advances in computer 
capacities, a number of diffi culties still prevent the development of effi cient and user-friendly urban modelling 
tools.

The OECD Global Science Forum launched a project to address this issue and its outcome is presented in this 
policy report and its annexed survey analysis. It identifi es the existing tools and strategies for urban modelling and 
their current limitations, and propose a series of policy recommendations aimed at improving the effectiveness 
and use of urban models.  
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Executive Summary 

Rationale and background  

Urban systems are facing an increasing number of challenges.  These include the impact of 

urban systems on the local environment and, more globally, on the climate itself, both of 

which constitute major policy issues.  The development of sustainable urban systems involves 

complex and interdependent social and physical factors, which can be understood through the 

use of increasingly sophisticated models.  Despite recent advances in computer capacities, a 

number of difficulties still prevent the development of efficient and user-friendly urban 

modelling tools. 

To address this issue, the OECD Global Science Forum launched an activity on ―Effective 

Modelling of Urban Systems to Address the Challenges of Climate Change and 

Sustainability‖, at the initiative of the Australian Delegation.  This policy report and its 

annexed survey analysis identify the existing tools and strategies for urban modelling and 

their current limitations, and propose a series of policy recommendations aimed at improving 

the effectiveness and use of urban models.   

Findings 

Urban modelling is challenged by a diversity of methods, metrics, indicators and data.  

Increasingly complex urban models require vast amounts of physical as well as socio-

economic data, which are often incomplete or come with restricted access policies.  This calls 

for new modelling tools and algorithms that can take into account such data gaps.  In addition, 

data sets and indicators related to sustainability and climate change are poorly standardised, 

which may limit the transferability of specific models to other urban systems. 

There is a disconnect between model makers and model users.  Model users are increasingly 

found in the non-expert community, and may not be able to understand the limits of models 

and how data availability may influence them.  Conversely, model makers may make 

assumptions about how models should be applied and fail to take into account the non-

academic orientation of many users.  This lack of interaction constitutes a serious limitation to 

the full exploitation of urban models.   

The field of research is very fragmented.  Urban modelling is rarely recognised as a specific 

research field and is currently carried out by an extremely diverse and scattered community 

with few interconnections.  While this diversity provides for a broad range of potential model 

solutions, it also results in difficult scientific and technical challenges when trying to address 

the complexity of new urban systems. 
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Recommendations 

Create an International Advisory Group for Urban Systems Modelling to identify, evaluate 

and advise on feasible urban modelling methods and metrics.  Its role would be to identify, 

advise on request, and promote the use of key metrics and indicators in urban modelling that 

improve the ability of cities and urban regions to analyse, measure and compare their 

performance, as they respond to emerging sustainability criteria and the climate change 

agenda. 

Develop an international Guide to Practice on Urban Systems Modelling aimed at model 

commissioners, model makers and model users.  This guide would identify and promote good 

practice amongst model commissioners, makers and users in the development and application 

of urban systems modelling. 

Develop the capacity of urban systems modelling as an integrated interdisciplinary field of 

study.  Such action is necessary to respond to the increasing disparity between widespread 

demand for urban modelling arising from the challenges presented by urbanisation, climate 

change and the sustainability agenda, and the inability of the field to advance as a recognised 

discipline that can systematically evaluate, monitor and exchange information about its 

activities. 
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1.  Rationale and background 

Rationale  Models of urban systems, especially those enabled by recent developments in 

information and communication technologies (ICT), provide critical insights into how the 

various aspects of urban environments work, and how they can be best adapted to address 

social and environmental challenges.  In addition, they support effective decision making 

regarding how to manage these interactions within cities and urban regions.  They are thus 

becoming more important in a contemporary policy context that aims to steer urban change 

towards sustainability. 

Climate change and its concomitant challenges are driving reassessments of the ways in 

which cities and urban regions are contributing to these issues.  These reassessments focus on 

the influence of urban form, space and operations on global social, economic and 

environmental sustainability.  While there are local cultural and physical issues distinct to 

individual situations, many of the challenges presented by urban growth and climate change 

are shared by cities and urban regions, regardless of location.  These include resource 

scarcity, changing patterns of consumption and demographics, insufficient or inappropriate 

built environments, and outdated or ill-adapted systems of planning, management and 

operational practice.  Such problems can result in suburbanisation of valuable peri-urban 

areas, spontaneous settlements, areas of urban decay and social inequalities. 

Many cities are unable to manage the current scale and rate of change and are searching for 

better management solutions.  Their needs are driving much urban research at the local level.  

Modelling of urban systems is one of the research and support tools available for decision 

making, and provides understanding of complex interrelationships and interactions in the 

urban domain, acting as a guide to urban policy and practice.  In the context of climate change 

as the driver and the sustainability agenda as the response in practice, the overriding goal of 

contemporary urban research must be to achieve rapid adaptation of form, operations and 

behaviour at a local or regional level, so as to contribute to improvements at the global scale.  

For example, the Bali Action Plan
1
 highlights the importance of measurable, reportable and 

verifiable nationally appropriate mitigation actions for sustainable development, focusing on 

land use and land-use change, supported and enabled by technology, financing and capacity-

building at a global level.  It is in addressing challenges such as these that system modelling 

has the most to contribute.  The most useful urban models increase the capacity of local 

systems to understand how their urban practices contribute to environmental degradation (and 

thereby, climate change), and how specific decisions about those practices can achieve 

positive change, improving outcomes not only locally, but ultimately, globally. 

Recent rapid advances in computer and software capacities have increased the capacity to 

model complex environmental and urban systems.  These technologies are increasingly 

available at all levels of the decision-making chain, from governments to individual property 

holders, across all global regions.  At the same time, aggregated metrics and spreadsheet 

                                                      
1 UNFCCC, Bali Action Plan, adopted by Decision 1/CP.13 of the COP 13, 3–15 December, 2007, 

http://unfccc.int/files/meetings/cop_13/application/pdf/cp_bali_action.pdf 
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models that represent the urban metabolism and ―carbon footprint‖ of cities are emerging to 

make visible the full global impact of urban activities – beyond their geopolitical boundaries.  

In their various forms, such models are vital aids for addressing the challenges ahead and are 

used for much urban research.  Data about physical and social phenomena are now largely 

stored and accessed digitally, forming the basis of models that represent not only existing 

interactions, but also possible future scenarios.  In turn, these models may help inform 

decision making about how better to adapt and mitigate possible urban impacts, including 

disaster/crisis management.  They can increase the capacity to identify problems, evaluate 

contributory factors and monitor the effectiveness of responses.   

However, there are also emerging issues that may hinder effective urban systems modelling.  

First, there is a lack of standardised, accessible and reliable data sources and protocols for 

urban models responding to climate change and the sustainability agenda, as this field of 

research remains largely fragmented.  Second, the increasing complexity implied by 

additional data, and the variety of metrics now in use, also emphasises the need for research 

that values simplicity and thereby maximises uptake of research outcomes among users.   

Recognising the need to address the issues described above, the OECD Global Science Forum 

(GSF) launched an activity on ―Effective Modelling of Urban Systems to Address the 

Challenges of Climate Change and Sustainability‖.  This project aims to clarify the degree to 

which these and other factors influence the development of urban models, and their 

effectiveness as aids to decision making in the urban domain, from the whole urban territory 

through to key precincts or systems components.  It also aims to establish answers to the 

following questions: To what degree is existing research and decision making that employs 

urban modelling comparable across urban domains and jurisdictional and geographic 

boundaries? Do modelling processes use systematised benchmarking? Do the various 

approaches to urban systems modelling employ cross-disciplinary learning, from the scale of 

the individual building modelled for environmental quality, through to that of the city or 

urban region where forecasts of demographic shifts take place? Does comparability and cross-

fertilisation take place between the theory and application of models, which could advance 

the rate of knowledge development amongst decision makers, urban communities and 

individuals? Are the drivers of contemporary urban issues relating to climate change widely 

understood? Are there shared measures of urban performance? What are the characteristics of 

the most effective models and what are their trends? 

Background  At the 19
th
 meeting of the GSF in October 2008, the delegation of Australia 

introduced an activity concerning the relationship between research into built urban 

environment and the challenges of climate change.  The final proposal for a project with a 

focus on the modelling of urban systems was submitted and approved by the 21
st
 meeting of 

the GSF in October 2009.  A Scoping Group of delegates from Australia, Denmark, France, 

Germany, the United Kingdom, the United States and the European Commission explored the 

rationale, potential work programme and outcomes of such an activity, which was 

subsequently developed further by a Steering Committee comprising representatives from 

Australia, China, Denmark, Finland, France, Germany, Japan, Korea, South Africa, the 

United Kingdom, the United States, the European Commission and the OECD.  The project 
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activity was chaired by Professor Catherin Bull of the University of Melbourne and 

comprised meetings and teleconferences; a survey of international activity in the field of 

urban systems modelling researched and reported by laboratory LAUA (Langages Actions 

Urbaines Altérités) of the Nantes School of Architecture (Dr. Laurent Devisme and 

colleagues), supported by the delegation of France; and a workshop attended by 28 delegates 

from ten countries and organisations, hosted by Professor Ralph Horne, Deputy Chair at the 

Royal Melbourne Institute of Technology (RMIT) University in Melbourne. 

2.  Project outline 

During the initial phase, the project consisted of reviewing substantial (but to date, largely 

uninterrogated) experience in the preparation, application and use of models of urban systems 

internationally within the context of climate change and the sustainability agenda. 

The objective was first to identify: 

 The shared goals of models of urban systems under contemporary conditions (user 

domains, decision-making outcomes, behaviour and practices); 

 The key components of those models (indicators, integration, scale and boundaries of 

modelled areas); 

 The characteristics of those models (data, indicators, structure, integration, production, 

availability and use) that enhance or inhibit their development and user relevance. 

And second to establish:  

 The core requirements that will lead to more effective practice in modelling urban 

systems, to address climate change and sustainability;  

 A process by which current gaps in the capacity of urban systems modelling can be 

reduced through international data collection and information-sharing protocols. 

Following initial briefings and meetings of the Steering Committee, a research report was 

commissioned to gain a global perspective on these issues
2
.  A workshop was then held in 

Melbourne, Australia, and attended by international experts in the field, the research 

consultants, and members of the Steering Committee (Annex A).  Over a two-day period, the 

workshop addressed the various emerging themes, including developments in methodologies 

and applications, metrics and indicators, data access and availability, users and usability and 

disciplinary capacity.  Case examples, experiences and issues were also discussed. 

The consultant work was finalised after the workshop, and this report on the overall project 

was drafted and peer-reviewed by two independent experts in the field, Professors Richard 

Klostermann and Michael Wegener.   

  

                                                      
2 This work was funded by the Ministry of Ecology, France, and carried out by a consultant team led by 

Dr. Laurent Devisme at LAUA, University of Nantes, France (Annex B). 
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This report presents a set of findings accumulated during the course of the GSF activity, 

providing information on research in the field of urban modelling nationally and 

internationally.  It also proposes a series of concrete recommendations that aim to develop the 

capacity of urban systems modelling as a field that more effectively assists policy and 

decision makers in cities and urban regions; and to increase understanding of the factors that 

affect urban sustainability in the face of climate change, the interrelationships between those 

factors, and the way cities and urban regions might mitigate and adapt to their impacts. 

3.  Achievements and issues in urban systems modelling over the last decade  

3.1 Methods and tools 

As theoretical abstractions of urban attributes and realities, contemporary models of urban 

systems can be broadly categorised according to their focus, be it on urban operations, urban 

form, urban performance, urban ―well-being‖ or the theories that explain these (Annex B).  

The attributes of models may vary from place to place and are selected according to the 

understanding required or decisions to be made in a particular setting.  Contemporary urban 

models employ an increasing range of visualisations tools, including for example, 3D and 4D 

representations of form, spatial and operational relationships, and 2D objects such as charts, 

maps and diagrams that correlate the data as indicators of performance within a bounded 

domain and present relationships across data sets.  The process of selecting appropriate and 

specific indicators and data to model the performance of particular urban systems against 

sustainability criteria is of increasing significance.   

The development of ICT tools has resulted in a shift away from the holistic mega models that 

characterised the field from the 1960s to the early 1990s, towards more specific models that 

investigate an identified cluster of relationships such as urban form, traffic and greenhouse 

gas (GHG) emissions, or demographic distributions, service provision and urban morphology.  

Models aim to represent complex relationships between operations in cities and urban regions 

in accessible forms that enhance evaluation and selection of strategic directions for the future 

(short or long term).  While models may be mathematically, text or visually based, 

irrespective of form, their focus is towards guiding urban policy and operations.  Many 

models focus not only on explaining ―what is‖, but also propose possible alternative futures 

through scenarios based on ―what if?‖ 

These models can be used to compare indicators and relationships from city to city, region to 

region, and nation to nation.  Developments in urban metabolism and industrial ecology also 

provide new and simplified models of urban footprints, linking the overall GHG emissions 

associated with human activity within cities with their transboundary life cycle and supply 

chains.  For example, in the United States, supply distances for resources average 150 miles 

(240 km) for electricity, 600 miles (960 km) for freight, and 1 500 miles (2 400 km) for food.  

While such models can take the form of simple spreadsheets, the key emission factors are 

based on large datasets that describe industrial production processes, not only in each city, but 

also across each region and nation.  GHG emission and footprint models are now being used   
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to stimulate action plans in response to climate change in more than 1 000 cities worldwide, 

advancing the geographically limited GHG inventory models that have long been used to set 

climate change action targets at national scales.  However, such geographically bounded 

models are less suited to the smaller spatial scale of cities.
3
  

Models of urban systems have been developed at different times and for different purposes.  

Many existing models are aggregations of pre-existing methods and packages loosely 

integrated and adapted for particular situations, rather than being holistic tools applied 

generically as a standard set of tightly integrated methods.  The expanding use of recently 

developed combinations of Geographic Information Systems (GIS) and 3D and 4D 

visualisation packages are examples of this process, although very few practical urban models 

have yet integrated these new methodologies. 

The major urban modelling tools now include those developed by individual cities or groups 

of cities and urban regions, such as the VURCA, MUSCADE and NEDUM projects in 

France, and THOR in Denmark (Figure 3.1).  They also include commercially available 

generic modelling tools such as MATSim, Tranus and UrbanSim.  While tools are typically 

developed through collaborations between local or city governments (as the principle users) 

and research laboratories in universities (as the model makers), collaborations may also 

include commercial software specialists (e.g.  IBM and Modelistica) and companies with an 

interest in urban construction or property management (e.g. Eiffage‘s Phosphore 2 in France).  

As an example of the further adaptation of generic and commercially developed models to 

different urban regions, UrbanSim was adapted for European applications and, as 

SIMAURIF, has since been applied to Brussels, Paris and Zurich.  NEDUM 2D has been 

applied to the urban regions of London and Toulouse; a sub-model of THOR, OPSM 

(Operational Street Pollution Model), has been used in Beijing; and Modelistica‘s Tranus is in 

use in Europe, Japan, Latin America and the United States.  Such models may focus on whole 

urban regions or the precinct or neighbourhood scale (e.g.  Phosphore 2 covers 1.7 km
2
), with 

their own key indicators selected according to assessments of relevance to local sustainable 

practice. 

3.2  Indicators, data and metrics 

Much recent modelling of urban systems has focused on achieving sustainability goals in 

response to the climate change agenda, such as: 

 Reducing GHG emissions (energy use, GHG production and distribution);  

 Improving spatial distribution patterns and urban morphology (densification, 

redistribution, protection of environmental resources); 

 Increasing social and physical well-being (distribution of social and physical services).   

  

                                                      
3For more information, see ICLEI Local Governments for Sustainability (www.iclei.org) 
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Broadly, these goals serve the key decision-making domains of sustainable practice: 

economic, social (including cultural), environmental and governance.  Governments (as 

model users) who set targets may select indicators of performance within these domains, 

which may be made publicly available.  Expert model builders may also select indicators 

from theoretical understandings of the relative significance of some factors over others. 

In the physical dimension, indicators typically selected to model urban growth and spatial 

distribution include demographics (people, households, jobs), land, property and buildings 

(type, area, facilities) and infrastructure (roads, services such as power and water, public 

space, and environmental resources).  In the operational dimension, indicators have recently 

been selected to model GHG emissions using internationally recognised measures, transport 

(land-use transportation interaction or LUTI) and, increasingly, water and green 

infrastructure, although the indicators for these are less widely recognised.   

The right data constitute the fundamental component of effective models, and securing data 

accessibility remains a major challenge in any model building exercise, a fact that appears to 

remain unrecognised by many commissioning agencies.  The variety of data now needed to 

model urban systems and satisfy the expanding expectations of urban policy makers, decision 

makers and users has increased.  So too, given the recent developments in ICT and the 

increase in modelling methods and tools, have the many forms in which that data is required.  

Data may not be available, may be in unsuitable form, or may be inaccessible for privacy, 

commercial or jurisdictional governance reasons.  Historically, different disciplinary 

traditions have produced data in different forms.  While some disciplines have well-

established research traditions for collecting and formatting data to make it model ready 

(typically economic and demographic), others do not.  Of most relevance here, is the 

increasing variety of data specifically relevant to decisions about climate change and 

sustainability in the urban domain, which are yet to be standardised – especially those data 

relating to social and environmental systems.  Likewise, data from one given city, urban 

region or country may differ from others in its form, despite increasing expectations that 

urban performance can be compared across and between cities and urban regions. 

3.3 Model users and model makers 

The increasingly complex user domain challenges the effectiveness of urban models in 

practice.  The expectations of model commissioners and model users (who are often non-

expert) have changed.  These changes parallel increasing demands from communities for 

more direct involvement in urban decision making, especially when that decision making 

affects the sustainability of their local living environments.  They also parallel the advent and 

broad availability of social media and spatial devices such as GPS.   

To date, most research and development has concentrated on the model making process.  In 

contrast, the process of interaction between model users and makers (from commissioning, to 

building, to using) has been afforded limited research focus.  At the same time, the social 

practices of those who use cities are increasingly seen as important to the sustainability 

agenda.  While the interplay between socio-cultural practices and mitigation and adaptation in 

response to climate change remains poorly understood, emerging agent-based models 
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(including those developed as ―serious games‖) present possibilities for informed decision 

making.  Urban models must now, more than ever, increase understanding of the ways in 

which non-experts use the city and its resources, and in turn, their understanding of the 

impacts of that use.  With enhanced understanding, individuals and communities can make 

more effective decisions about urban mitigation and adaptation, based on their knowledge of 

relationships between their own choices and the outcomes of these choices on urban forms, 

systems and operations. 

4.  Findings  

4.1 The operating context: key trends in demand and production 

The project revealed three major influences on the recent increases in demand for, and 

production of, models of cities and urban regions:  

 Increasing and widespread urbanisation; 

 The development of ICT capacity;  

 The challenges presented by climate change and the sustainability agenda.   

All have resulted in the widespread expectation that practices should change in the arenas that 

urban modelling serves: planning, management, operations and decision making. 

Urbanisation 

Urbanisation is a phenomenon experienced globally: for the first time in human history the 

world‘s population is now predominantly urban.  In developing regions (Africa, Asia and 

South America), urbanisation not only drives the rapid growth of new cities, but also the 

dramatic expansion of existing cities.  Increasingly, environmental impacts are urban-based.  

Rural-urban migration is accompanied by increased per capita income, increased inflows of 

natural resources and the associated production of waste and pollution, all of which are more 

concentrated as a result.  For example, the International Energy Agency (IEA) anticipates 

that, by 2030, about 75% of fossil energy use and associated GHG emissions worldwide will 

be linked to the end use of energy in urban areas.
4
 In developing regions, migration and 

population growth drive urbanisation.  It manifests as informal settlements, urban growth and 

sprawl.  In the developed world, urbanisation manifests as cities characterised by peri-urban 

suburbanisation, urban decay and the redevelopment of post-industrial sites within the 

existing urban fabric.  Inward migration and internal resettlement are the primary drivers.  In 

parts of North America and Europe, urbanisation is also characterised by population loss and 

retraction.  Redistribution of human settlements is producing agglomerations that result in 

expansive and complex urban regions combining many forms of development.   

The environmental and social impacts of local urban form and operations are increasingly 

seen as significant influences on global climate change.  Conversely, climate change affects 

the sustainability of urban areas exposing them to increasing risk of temperature change, 

                                                      
4 International Energy Agency (IEA), World Energy Outlook 2008, IEA, Paris, 2008, 
www.iea.org/textbase/nppdf/free/2008/weo2008.pdf 
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floods and drought, fires and major weather events.  These threats are challenging cities to 

develop mitigation strategies and to adapt to changing conditions through more sustainable 

practices and behaviours, reducing the impacts of consumption, waste and pollution, and 

social inequity.  Series of policy-related recommendations have been issued, notably by the 

OECD in its 2009 publication on competitive cities and climate change
5
 for urban policies to 

complement global climate policies.  Expectations for the mitigation of environmental and 

social impacts influence how cities and regions are expected to plan and manage their 

physical forms, their operations, their social relations, their economies, and their 

environmental attributes.  Internationally, the sustainability agenda frames the response to 

such expectations. 

The relationships between climate change and environmental quality as the drivers, 

sustainable practice as the response, and the city or urban region as the field of activity, 

establish the context for environmental and social transformation.  These relationships also 

provide the context for contemporary urban modelling, since there are many complex 

linkages to be observed, explored, understood and acted upon to achieve sustainability goals.  

These include the characteristics common to contemporary urbanisation, such as consumption 

patterns (of energy, water and food), production patterns (of waste and pollutants), and spatial 

patterns (for habitation, work and social interaction).  Effectively managed, these elements 

support liveability and productivity.  Ineffectively managed, they result in negative impacts 

within the physical and social domains, including environmental degradation, poverty and 

social disturbances.  In the face of climate change and the expectation that urban governance 

practices must become more sustainable, cities everywhere appear to be reviewing how the 

cycle of resource provision, consumption, production and waste are managed in their 

particular conditions, and are using models to improve performance.   

Information and Communication Technologies (ICT) 

The last 50 years have seen the development of computer models of the major processes that 

influence urban performance.  These well-established tools have enabled a better 

understanding of the complex interactions of these processes.  At local and regional scales, 

models of urban systems parallel the larger computer models of climate change interactions 

that operate globally.  While that understanding underpins decision making about future urban 

form, operations and performance, models have tended to focus on individual processes and 

their linkages, in some instances aggregating these.  Only recently have they begun to address 

more complex relationships between multiple processes across many spatial domains, from 

the city precinct to the urban region, and the urban region to its rural or natural setting.   

Typically, modelling tools were developed by experts in universities and in research 

institutions in developed countries.  The spread of ICT access and generic modelling tools 

(including those commercially available) has coincided with recent demands by cities and 

urban regions everywhere to compare their performance against other sustainability measures 

                                                      
5 L. Kamal-Chaoui and A. Roberts (eds.), Competitive Cities and Climate Change, OECD Regional 

Development Working Papers No. 2, OECD Publishing, Paris, 2009, 
http://www.forum15.org.il/art_images/files/103/competitive-cities-climate-change.pdf 
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and other cities.  As a result, developing countries and regions are now widely adopting 

modelling tools from laboratories and individual projects, and adapting them to address 

particular environmental and urban challenges, thus avoiding the need to build their own tools 

from scratch.   

As various forms of ICT have become widely available over the last decade, an environment 

of heightened expectation and activity has emerged internationally, and increasing activity in 

urban modelling has spread across all regions, developed and developing.  Although urban 

models per se have only been integrated as a decision-making tool by a relatively small 

number of larger, well-funded local or regional planning authorities, agencies and public 

institutions, many decision makers (politicians, policy makers, planners and providers of 

urban services and utilities) expect to use urban modelling results or information to explain 

interactions and assist decision making in traditional ways.  As non-experts, these users of 

models have become more interested and influential in the overall operational environment of 

urban modelling.  They expect high levels of usability and the ability to address questions that 

are specific to local circumstances.   

As a consequence, urban modelling is now a field where experts (model makers) are 

challenged by new types of stakeholders.  These stakeholders not only include non-experts 

such as local decision makers or opinion leaders, but also citizens or members of NGOs 

(model users) who want to use models and the information they provide to challenge 

decisions and participate in urban local policies.  Increasingly, these non-experts drive 

demand and influence supply.  To achieve greater effectiveness, the use and usability of urban 

systems models by this broader group of users deserves greater research focus. 

To date, this area of research remains a widely dispersed and mainly localised field of 

experimentation, intense and diverse in both development and application.  There are also, 

however, occasional observable pockets of regional co-operation (e.g.  the Plurel case study 

in Annex B).  Enabled by ICT and social media, the field is stimulated by universally 

experienced urbanisation and its impacts on environmental and social well-being.  

Increasingly, urban systems modelling is an international field of activity experiencing local 

and regional investment.   

4.2 An evaluation of existing practice in urban systems modelling 

Beyond reviewing the context within which urban systems modelling now operates, it is also 

important to consider the relevant trends in urban modelling practice itself that will have an 

impact on future effectiveness.  This section focuses on these practice issues, which can be 

summarised as methodologies (data, metrics and indicators), model users and makers, and 

disciplinary capacity. 

Methodologies and institutional settings  

There is wide variation in the methods currently used in urban modelling and much local 

experimentation in the use of these models.  In Europe, for example, an efficient peer-review 

system has been established regarding research and its results, comprising urban research 
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using and applying modelling approaches.  However, from the model users‘ point of view 

there is a lack of external, independent evaluation of these methods to assess and verify best 

practice applications, or indeed, failures.  This is despite the fact that cities and urban regions 

increasingly seek to compare their performance to emerging conceptual constructs of ―urban 

quality‖ and ―urban well-being‖ such as GHG emissions, liveability, social equity and carbon 

footprint.  These comparisons are driven by expectations that urban governance practices will 

lead mitigation efforts and adaptation to climate change, becoming ―more sustainable‖.  The 

consultant report (Annex B) reveals that a limited number of policy makers in regional and 

national governments (e.g.  Europe, North America and the United Kingdom) have invested 

in cross-regional research projects to enable comparison between cities and urban regions 

using calibrated modelling methods.  Comparatively, urban research in the European Union 

has been funded under the assumption that although each urban area is unique, they 

nevertheless face the same environmental challenges.  The focus has therefore been on 

collaborative research, often using case studies (spread across Europe) to improve knowledge 

by comparative approaches, and thus provide tools and methodologies for general use. 

In addition to government-led initiatives oriented toward urban decision making and policy, 

commercially driven models are also being used, principally to increase understanding of 

urban dynamics among communities, but also to change behaviour and enable more direct 

involvement in policy and decision making.   

As each city or urban region focuses on areas important to increasing understanding and 

improving decision making, there is evidence that improved ICT tools have enabled 

traditionally separated methodological and professional domains in the urban modelling field 

to be coupled and aggregated in new and creative ways.  For example, GIS-based models of 

property and demographics traditionally associated with urban planning policy are being 

coupled with models of energy consumption traditionally associated with urban management.  

Similarly, models associated with transportation and planning are being coupled with 3D 

models associated with urban design and development.  Couplings and aggregations are 

effective ways to extend the scope of models and enable them to cross the traditional 

boundaries of scale – from the region to the neighbourhood to the individual lot.   

Such coupling tends to be ―loose‖, wherein models collaborate by exchanging predefined 

data, rather than ―close‖, where one model relies on the internal workings of another.  Loose 

coupling enables collaboration by relatively simple exchanges of predefined data between 

models that differ in their methodology and scale.  Just as important, the developer of one 

model requires only a general understanding of the other models and need not understand 

their detailed workings.  Nor does a change in the software of one model require a change in 

the software of another.  However, such loose-coupling process requires built-in validating 

mechanisms to ensure the coherence and robustness of the coupling algorithms.  These are 

only just starting to emerge in urban models.  

The coupling of models is creative, exciting and potentially significant in terms of improving 

the understanding of urban dynamics, interdependencies and potential interventions.  

However, such developments in urban modelling occur in a research environment that, as yet, 
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lacks an institutional context within which to explain particular assumptions and limitations 

against internationally established norms.  Since individual urban models may form the basis 

of major policy and decision making in their own cities and urban regions, and are 

increasingly adopted by other cities and adapted to their circumstances, methodological 

transparency and international evaluation, which is the norm in other fields of science, would 

be desirable.  Given the tremendous diversity of urban model development, such a process 

may, however, be difficult and expensive to implement.  Rather, international mechanisms for 

sharing information on existing models might be a useful preliminary step.  Indeed, it is 

essential if urban modelling is to achieve its potential and become more effective at the level 

of individual cities and urban regions for addressing the challenges of climate change at the 

local level and comparing performance against sustainability measures regionally and 

globally. 

Data, indicators and metrics 

The inherent complexity of urban systems and the dynamic quality of models means that 

model makers usually operate in a ―data-poor‖ environment; there is simply never enough 

data, or data may not exist in a form suitable for the specific model.  Nevertheless, as experts, 

model makers are expected to make judgments about what data is required, and whether it is 

suitable for the particular model.  They need special methods, skills and tools to make models 

based on uncertain and incomplete data, and to be transparent about the utility and limitations 

of the resulting models. 

There is increasing evidence that data particular to the challenges presented by climate 

change, the sustainability agenda and contemporary urbanisation (e.g.  consumption of energy 

or water, social equity) are becoming less available for research because of the privatisation 

of utilities, leading to issues such as ―commercial-in-confidence‖ restrictions.  In addition, the 

format of data varies across jurisdictions and operational domains and requires adaptation to 

be usable.  This situation contrasts with the progress made in the public domain towards 

locally agreed indicators, uniformity of data format, and so on. 

While some metrics and indicators currently used within certain data domains are relatively 

well established and have internationally recognised measurement standards (e.g.  those 

related to economic performance, property, and demographics), others, especially those 

emerging as key indicators relevant to climate change and sustainability, have yet to be 

agreed upon and established at a system-wide level.   

More data are required to enable improved modelling of urban systems to address climate 

change and sustainability; moreover, data are also expected to span both the physical and the 

social sciences, disciplines with disparate representational traditions.  For example, data from 

the field of urban ecology is needed to inform understanding of the provision of eco-

service/green infrastructure; and data from the fields of urban sociology and anthropology are 

now needed to inform decisions about cultural integration and behavioural adaptation.  This 

presents these fields with challenges with respect to generation of sufficiently reliable and 

useable data, the integration and comparability of that data, and its international calibration.  
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It also suggests the need for new forms of data integration, requiring cross-disciplinary 

research. 

Overall, the generation and management of data required to address climate change and 

sustainability issues within an internationally agreed-upon ontology, or set of metrics and 

indicators, is not keeping pace with the rate of expansion of ICT capacity, user expectations 

or the broader understanding of sustainability measures.  This lag constitutes a serious 

impediment to the widespread use of urban models. 

Model users and model makers 

The role of model users (usually non-experts) is emerging as a major issue influencing the 

effectiveness of models in practical applications, and their capacity to influence 

understanding and decision making.  Typically, model users now include:  

 Technocrats (employed within government or project-related consultancies) who 

interface with the models and the community at large; 

 Policy and operations decision makers (elected government officials, advisors to 

government such as private sector planners and designers); 

 The general public (communities with interest in specific issues or places);  

 The technical and scientific community (other modellers and urban specialists). 

While some models of urban systems and processes are intended as tools for improving 

understanding, others are specifically developed to assist decision making.  Both have 

different purposes and involve different practices in the commissioning of models, the process 

of their development and their application. 

Model users often identify an issue about which they want to be better informed, but may not 

know what they are looking for or what models actually do.  They do not always understand 

the limits of models, how data availability influences them, and the amount of time required 

to create them.  Given their exposure to ICT and social networking tools, there is some 

evidence that users also expect models to present complex information and interactions 

simply and graphically, often as scenarios, rather than as dense technical abstractions.  

Conversely, model makers make assumptions about how models should be applied and may 

lack the skills to interact effectively in the socio-cultural and political domains in which 

models are used.  In addition, model makers may not have the training or time to produce 

models of complex interactions that are comprehensible to non-experts. 

There may be limits to the utility of technical information in political decision-making 

processes.  Policy making environments in the urban domain, particularly those relating to 

climate change and sustainability, are typically complex, characterised by scientific 

uncertainty and differing values amongst participants.  Subjective judgment is also required to 

develop the collective understanding necessary for policy decisions.  As the Colorado case in 

Annex B illustrates (p. 40), both analysis and deliberation together (termed ―analytic-

deliberation‖) can enhance the collective understanding needed for effective environmental 

governance. 
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Different models and model-making processes may therefore be appropriate for different 

users and user situations.  In such cases, different processes can be coupled to address diverse 

user groups in the same urban environment.  

More knowledge of user needs and the way they interface with model making and 

applications is needed to develop urban modelling capacity and, most importantly, 

effectiveness.  Good practice examples of the process of model development include model 

maker and model user ―partnerships‖ that use laboratory or studio-based processes to achieve 

effective outcomes.  In some projects, this is addressed by creating ―end-user panels‖ that 

give advice throughout the research project or, more recently, partnering with model users in 

the research consortia.  However, there is no recognised international network, body or 

established framework that can evaluate the model development process and provide 

guidance to model makers and model users.  Standardising outcomes assessment tools that 

evaluate the learning that occurs from model output would also assist advancements in urban 

systems modelling.  Careful outcomes assessment can help illuminate how various 

stakeholders utilise and learn from the technical/visualisation outputs provided by scenario 

models, given the stakeholders' own values, beliefs, and other political and institutional 

constraints. 

Urban systems modelling as a discipline 

While urban systems modelling constitutes a field of much interest and activity 

internationally, it remains diverse and fragmented.   

Urban systems models are well established as important tools that both increase 

understanding and support decision making.  Their ability to assist cities and urban regions in 

managing growth and operations has also increased rapidly over the last decade due to the 

development of ICT, datasets and social media.  Expectations have consequently increased in 

parallel.  However, the field has not developed as a scientific discipline.  Disciplinary 

development is hampered by lack of systematic knowledge exchange internationally (between 

model makers and users) and lack of system-wide independent review of both model-building 

methodologies and practice applications.  A response is required to redress this imbalance as a 

matter of urgency.   

With support, the field of urban systems modelling can develop as a more effective discipline 

that promotes greater understanding and better decision making in the planning, design and 

management of cities and urban regions.  Cities and urban regions can then be better prepared 

to mitigate environmental impacts and adapt to climate change through more sustainable 

practices.  Urban systems modelling has the potential for international recognition among 

cities and urban regions as a discrete and specialist field, as is the case with the well-

established field of Building Information Modelling (BIM).  BIM provides project-based 

technical tools that are now recognised internationally across the building industry.  The field 

of urban systems modelling could become known, for example, as ―City Information 

Modelling‖, but first requires internationally recognised expert capacity, organisational 

mechanisms and cross-disciplinary standards of practice.  At the technical level, tools such as 
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CityGMLA (www.citygml.org), among others, might form the basis for such developments; 

as a commonly used existing information model, it can represent cities in 3D at various levels 

of detail, from the scale of the city region through to the individual building, and encourage 

inquiry through simulations, data mining, and the like, around various themes such as facility 

management.   

Greater collaborative capacity is also required at a system-wide or disciplinary level, and 

could be developed through any one of a variety of existing organisations with direct interest 

in urbanisation, sustainability and climate change (Annex B, Appendix B), such as: 

 ICLEI Local Governments for Sustainability; 

 International Society for Industrial Ecology (isie2011.berkely.edu);  

 Network of European Metropolitan Regions and Areas (METREX), which also 

includes regions beyond Europe (www.eurometrex.org);  

 OECD Territorial Development Policy Committee 

(www.oecd.org/gov/urbandevelopment);  

 Sustainable Urban Systems section (SUS) at the International Society of Industrial 

Ecology (www.is4ie.org/topicalsections#SUS); 

 UN Habitat, including its World Urban Forum (www.unhabitat.org/programmes/guo). 

5.  Conclusions and policy recommendations 

Internationally, new agendas and drivers including climate change, urbanisation and the 

expectation of more sustainable practices are challenging urban development and 

management.  In that context, urban systems modelling is an important tool with increasing 

ability to broaden understanding and improve decisions that include the complex interactions 

that make cities more sustainable.   

The objective of this activity was to investigate the context within which the field operates 

and the characteristics most relevant to its effective practice.  It also reviewed the key 

measures of urban performance relevant to climate change, sustainability and urban 

modelling, what is happening in the field, and finally, as largely detailed in Appendix B, 

relevant experience for the future, including the characteristics of the most effective models 

and modelling processes.   

This analysis revealed significant developments in practice and the increasing importance not 

only of technological capacity (data, metrics, methods), but also of application processes, user 

domains, commissioning practices, customer relevance, decision-making processes, 

comparability and benchmarking.  It revealed an expanding range of tools and methods that 

lack effective evaluation in application, and the need for more varied indicators and types of 

data.  There is an increasing expectation that after decades of focus on objective measures of 

physical phenomena, socio-cultural phenomena will be integrated into future models so that 

they can better support the sustainability agenda and the integration of economic, social and 

physical domains.   
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The field of urban modelling faces a challenging future where expert and non-expert 

individuals will have an increasingly sophisticated understanding of ICT and social media, as 

well as of climate change and its implications for well-being and prosperity in the urban 

environment.  These individuals will expect to have access to and use urban models, and the 

rich information that models provide will engage and involve them in the process of 

mitigation and adaptation.  The successful cities and urban regions of the future will be those 

where physical, social and economic data is incorporated into sophisticated but accessible 

models of urban systems that build shared understanding of the relationships between 

individual decisions and urban well-being. 

Responding to these identified challenges necessitates a framework of requirements for urban 

systems modelling to make the discipline more effective in addressing climate change and 

sustainability, and a process by which identified gaps in capacity can be reduced through 

international co-operation and actions.  The following recommendations aim at addressing 

these needs. 

Recommendation 1: Create an International Advisory Group for Urban Systems 

Modelling to identify, evaluate and advise on feasible urban modelling methods and 

metrics.   

As a field of policy-oriented and applied research and a scientific discipline, urban systems 

modelling needs to develop its capacity, to become more transparent and – for model users – 

directly comparable in its practices with allied modelling fields such as climate science.   

Interested governments should increase their international co-operation on urban modelling 

and methods, through the creation of an independent International Advisory Group for Urban 

Systems Modelling to identify, advise on request and promote the use of key metrics and 

indicators in urban modelling that improve the capacity of cities and urban regions to analyse, 

measure and compare their performance as they respond to emerging sustainability criteria 

and the climate change agenda.  Such an advisory group could be developed through the 

structure of an existing organisation such as those listed at the end of the previous section. 

As a starting point, further work is needed on metrics and indicators for use in urban models 

that are most pertinent to climate change and sustainability.  Such indicators, which tend to 

focus on economic and physical performance, will expand the recognised range to include 

those relating to GHG emissions, carbon footprints, consumption patterns, green 

infrastructure, social equity and social capital, plus others of emerging importance.  As a 

second step, a widespread agreement on the metrics and indicators to be used in modelling 

applications would enhance the capacity of models to support comparisons of performance 

across and between cities and urban regions.  An inventory of existing feasible models and 

methods, metrics and indicators would be needed as a working basis for the International 

Advisory Group. 
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Recommendation 2: Develop an international Guide to Practice on Urban Systems 

Modelling for model commissioners, model makers and model users. 

Considering the recent expansion in urban modelling activity in both the developed and 

developing worlds, and the extreme diversity and dynamism of the field, the project 

recommends the development of a Guide to Practice on Urban Systems Modelling.  Such a 

guide could be developed through the International Advisory Group as proposed in 

Recommendation 1 or by interested organisations in the field that might build on existing 

national efforts.  It would identify and promote good practice among model-commissioners 

(including commissioning agencies, technocrats), model makers (individual researchers, 

research institutes and universities) and model users (commissioning agencies, technocrats, 

decision makers and communities) in the development and application of urban systems 

modelling.  It would also more rapidly improve the effectiveness of urban systems models in 

practice.  Subject to further investigations, it could include guidance on: 

 The likely value and purpose of particular models and modelling methods (for 

understanding and/or for decision making); 

 Model selection and focus/scope (physical scale, physical and/or social interactions, 

active [scenario-driven] or passive [descriptive]); 

 Typical method/s and processes available and protocols to evaluate these; 

 Selection of appropriate metrics and indicators to enhance comparability/calibration; 

 Selection of appropriate commissioning and procurement processes; 

 Identification and selection of the most appropriate team of experts; 

 The value of independent peer review; 

 Usability and the role of users; 

 Examples of best practice; 

 Typical pitfalls; 

 The limitations of models (data, forecasting capacity);  

 Creating local capacity and corporate knowledge. 

Recommendation 3: Develop the capacity of urban systems modelling as an integrated 

inter-disciplinary field of study. 

The project revealed, in some parts of the world, an increasing disparity between widespread 

demand for urban modelling arising from the challenges presented by urbanisation, climate 

change and the sustainability agenda, and the inability of the field to advance as a recognised 

discipline that can systematically evaluate, monitor and exchange information about its  
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activities.  To redress this imbalance, this project recommends that OECD Member States and 

key regional networks target urban systems modelling for development.  The logical 

promoters of such development are the governments and regional organisations that 

commission and use urban models to guide policy and decision making for cities and urban 

regions, and that provide motivation for much of the education and research activity in this 

area. 

Interdisciplinary development could be accomplished through: 

 Increased opportunities for education and training in data collection, analytical 

methods (including ICT), and making and using models of urban systems; 

 Increased priority in national research agendas for inter and cross-disciplinary 

research into urban systems modelling relating to climate change and sustainability; 

 Increased priority in national research agendas for the generation, collection, 

distribution and accessibility of appropriate data related to the performance of cities 

and urban regions addressing climate change and sustainability; 

 Increased priority in national research agendas for participation in international 

networks that exchange experience and best practice examples to build capacity to 

monitor and evaluate the efficacy, comparability, adaptability and application of 

emerging methodologies in urban modelling;  

 A system for disseminating technologies and modelling methods based on research 

that relates their applications to actual cities and urban regions.   
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Preamble 

This report aims to inform analysis, discussions and recommendations regarding the activity 

on ―Developing effective models of urban environments to address the challenges of 

sustainability and climate change‖, undertaken by the OECD Global Science Forum (GSF), 

under the chairmanship of Professor Catherine Bull of the University of Melbourne.   

This final report benefitted from a variety of feedback including those of Steering Committee 

members and other researchers and fund commissioners.
1
 It can be seen as a hybrid of a 

survey and research, carried out in support of a specific activity of the GSF, and at the request 

of PUCA (Le Plan Urbanisme Construction Architecture, a structure that supports urban 

environment research within the French Ministry of Ecology, Sustainable Development, 

Transport and Housing) to provide a better understanding of contemporary urban models.   

This survey includes different materials, originating from: 

 A list of experts, either suggested by members of the Steering Committee (twenty 

members and two from OECD) of the GSF, who are experts themselves in this domain 

or were identified during the survey and bibliographical work; 

 Responses to a questionnaire sent to the experts and the 20 members of the Steering 

Committee; 

 Interviews with some of the experts included in the list (Appendix A concerning the 

main answers to the questionnaire and the interviews); 

 A focus on selected models, elaborated by the research team, including the 

contributions of two experts (A.  Ramaswami and A.  Piorr); 

 An investigation of programmes, funding authorities, journals and conferences fully or 

partially involved in urban modelling activities (Appendix B); 

 The international workshop held in Melbourne on 31 January and 1 February 2011; 

 An additional bibliography, compiled from material provided by the experts and from 

the author‘s own research (Appendix C). 

1.  Main goals of the study  

The objective of this survey is to obtain a better knowledge of current efforts with regard to 

urban and urbanisation models that address the development of both urban space and the 

environment.  More precisely, it aims to examine types of models, different users and makers 

alongside the problems and gaps they face (data, timing and scaling considerations, stakes of 

collaboration, etc.). 

Urban models developed in the 1960s in the United States, around 1965 in Great Britain, and 

in the 1970s in France, essentially driven by civil engineers.  At the end of the 1970s, 

researchers were able to identify two primary aspects leading to failure: internal technical 

difficulties and problems linked to the integration of model techniques into decision 

processes.  The French geographer and planner Dupuy was severe: ―From the wish of a 

consultant to go on with extended contracts, to an enlightened empiricism taking the place of 

partial data, via the discreet burial of a report which nobody remembers, urban modelling 

activities have met many obstacles‖ (Dupuy, 1978).  His conclusion relative to this failure 
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was that models often had to assume a political function disproportionate to their actual 

capacity.   

The last forty years have seen the development of new challenges such as large-scale urban 

actions and the global impacts of climate change.  Simultaneously, ICT and computer 

capacities have increased and enhanced the possibility of visualising the complexity of urban 

realities.  ICT use has expanded leading to an informational society
2
 with consequent impacts 

on planning perspectives.  There are also numerous urban model producers, both in the 

academic and business domains.  The global context is partly driven by environmental 

constraints (climate change, energy costs and resources), which have direct effects on 

transport and urban sprawl, but also by more complex physical and social factors linked to the 

sustainability of the system.  In scientific literature, key themes have emerged in relation to 

this problem; for example, the journal Environment and Urbanization has launched two new 

categories entitled: ―cities‘ contribution to GHG emissions‖ and ―climate change adaptation 

and cities‖. 

If, historically, urban models have attempted to inform land use and infrastructure planning 

through combining demographic/economic estimation with space/time-based considerations, 

they are now trying to integrate new patterns: fossil fuel inputs or GHG emissions, and 

adaptation to climate change.  Uncertainty is multiplied with these new inputs.  The growing 

awareness of a vulnerable world has led to a renewal in modelling activities.   

2.  Introduction to urban modelling 

2.1 Definitions and techniques of urban modelling activities 

Broadly speaking, models are theoretical constructs built on the schematic and formalised 

simulation of certain realities.  Before exploring the thematic delimitation of models, it is 

helpful to present an overview of the major types and distinctions.   

Urban models can, to a large extent, be considered as figures, such as diagrams and pictures, 

some of which are linked to great planners and urban plans.
3
 Such figures can play an 

important role, according to doctrines or specific conceptions (e.g.  beautiful city, urban 

architecture in the new towns of the 1970s, new urbanism, and particularly traditional 

neighbourhood development in the contemporary United States).  This study focuses on tools, 

rather than figures, which are characterised by their decisive simulation capacity.  Moreover, 

it focuses on those models that address sustainability and climate change, leaving to one side, 

for example, models that concern security aspects.
4
 

Urban models are more technical in character than graphs and/or figures.  They also depend 

on the definition of indicators and the quality of data. 
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Figure 2.1 Horizons 

 
Source: L. Devisme and P. Ouvrard (2010). 

Scientific modelling is one possible way to simulate questions.  Simulation is an intellectual 

technology, aimed at problem solving.  For example, if the aim was to ascertain whether 

existing technologies (planning, transport) could be used and applied in certain cities to 

reduce carbon emissions, it would be necessary to simulate the evolution of urban structure 

under different urban political scenarios and evaluate how these evolutions translate in terms 

of energy consumption and GHG emissions of urban transport.  If the goal is to understand 

the links between urban space use and transport systems, then three different approaches can 

be used, all of which are transferrable to other types of inquiry: 

 Interview people on how they would change their habits (location and transportation) 

if urban rules or transportation prices and costs were modified.  This ―declared 

preferences‖ method allows the collection of subjective materials about unknown 

situations. 

 Extrapolate past observations on behavioural aspects (―revealed preferences‖ method).  

This approach provides detailed and substantial results, but only concerning existing 

situations and is less useful for isolating specific factors. 

 Use mathematical models.  These are also based on inquiries and observations, using 

data from the other two techniques, but their conclusions are quantified and can be 

transferred to unknown situations.  These models also allow single factors to be 

isolated.   

Mathematical models deserve further analysis.  First of all, it is possible to distinguish 

between theoretical models and operational ones.  Theoretical models aims to increase 

understanding of urban dynamics (―passive‖ models), while operational models are embedded 

in urban issues and are characterised by a problem-solving direction (―active‖ models).   

Passive models were developed in the 1950s, a period when the advent of the computer 

sciences enabled statistics (describing structure) and interactions to be built into a system that 

could also integrate timescale, and hence have ―predictive‖ features.  Nowadays, the level of 
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complexity of these models is considerable and virtual tools represent a major change in the 

visualisation of urban structures.  Moreover, different disciplines have contributed to their 

edification.  Geography and sociology first developed models in the 1930s deriving from the 

Chicago tradition (in urban sociology, mainly based on empirical observations of extreme 

population growth).  They could highlight qualitative aspects, but concerned mainly the 

relations between different kinds of population (migrants).  Micro-economics can be 

considered as a second tradition following the intuitions and works of Von Thünen (adapted 

by Alonso in 1964 and Fujita in 1989).  Such models were mostly oriented towards the 

analysis of relations between transport and urbanisation.  However, the restrictive hypotheses 

(monocentric and isotropic models) meant that these models failed to deliver an accurate 

description of cities.  A third tradition more directly concerns planning: models that 

developed in the 1950s to plan the development of mobility in a context of increasing car 

traffic, growing distances between jobs and housing, and the decline of public transport.  

From the beginning, they integrated different techniques (theoretical acrobatics, syncretism, 

according to Lefevre, 2007) and some can be grouped into the LUTI (Land Use and Transport 

Interaction) family.  Inside this family, some models are oriented towards traffic forecast and 

others are linked to the development of contrasted scenarios simulating the effects of 

alternative policies.  This characteristic is also shared by other kinds of models, a point 

discussed further below.   

2.2 Possible typologies  

A distinction is often made between forecast and optimisation.  Forecast models aim to 

predict the effects of sectoral policies or exogenous variables on urban structure.  Behavioural 

relations structure the models.  Optimisation models are built according to a range of goals, 

and are used to assess some public policies. 

Figure 2.2 Urban models: A taxonomy  

 
Source: after Joutsiniemi (2010, p.  104). 
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Forecast models tend to integrate exploratory and normative aspects, which constitutes one of 

the particularities of planning (Figure 2.3).   

Figure 2.3 Forecast models in planning 

 
Source: after Joutsiniemi (2010, p.  94). 

Normative and exploratory actions remain two distinct and different dimensions, but some 

urban modelling actions try to articulate them within the perspective of operational questions. 

When considering the different activities covered by planning in a thematic way, one can also 

refer to the typology shown below (Figure 2.4).   

Figure 2.4 Developing effective urban models of urban environments 

 

Source: after Chiazor and Horne (2011).   
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An overview of LUTI models allows another observation concerning models: some models 

are referred to after their main author(s) (e.g.  UrbanSim by Waddell, cf.  Infra), some by their 

institutes (e.g.  CUFM – the California Urban Futures Model, developed in Berkeley), and 

some after their specific applications (IRPUD by Wegener for the urban region of Dortmund).  

Furthermore, some models are under private license,
5
 while others are freely available and 

open source.  Figure 2.5 illustrates a particular family of models. 

Figure 2.5 A typology of LUTI models 

 

 

 

 

 

 

Source: Lefevre following Simmonds, Echennique, Bates (1999). 

Many laboratories are working in the field of spatial analysis and modelling, a domain in 

which collective research is quite developed.  In the active technological context of data 

production (aerial and satellite images, increasingly precise captors), key questions are linked 

to the fusion of heterogeneous data, the development of 3D models, and the reliability of 

dynamic models.  With increasingly desegregated data, it is possible to develop models 

concerning the relations between individuals and space.  Geosimulation methods have 

increased, both in fundamental and applied research.  Theoretical models are then used in 

planning and forecasting activities, such as the functioning of the global urban system and the 

evolution of zoning maps.  Time geography has also emerged as a conceptual framework with 

multi-agent models. 

The Geographic Information Systems (GIS) previously needed more perspective input; 

however, the applications have increased and have set questions concerning mobility, the 

equipment of cities, and also ethics.  In brief, technical possibilities must now be completed 

with new spatialisation methods and models that incorporate hazard and uncertainty.
6
 

Important theoretical questions still have to be tackled as many models remain dependent on 

non-realistic hypotheses.
7
 

When looking at operational models, it is important to emphasise that three conditions need to 

be met: coherence (both internal and in relation to the objectives), pertinence (are the formal 

and real systems adequate?), and measurability (parameters and variables have to be 

estimated using accessible statistics).  Indeed, these three conditions (Bonnafous, 1972) run 

contrary to each other and modellers need to establish an equilibrium between the different 

dimensions. 
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To what kinds of conclusions can models lead? In most cases, the point is to suggest that 

urban policies have to anticipate and follow market dynamics, which structure the urban 

space.  To develop sustainable strategies, urban planning often has to take into account energy 

consumption deriving from mobility, as a result of integrated and complementary policies.   

Within the thematic delimitation given above, other typologies may be suggested and are 

sometimes linked to key questions (cf.  infra).  It is important to pay attention to: 

 The formalisation degree of the models: narrative, mathematical or graphical; 

 The context in which the models are being produced and discussed: 

academic/professional and business/politics/media; 

 The main political objectives: city planners have to model public transportation, 

energy management, flux balances and behaviours.  The models, understood as tools 

of varying complexities, are always linked to visions of the (good) city, sometimes to 

an ideal city; they are sometimes also motivated by counter-models linked to 

catastrophic and disastrous options.   

Three different directions have to be mentioned: 

 Urban form: restriction of sprawl and management of urbanised space; relations 

between land use and transportation; 

 Urban performance through flow management: mobility, accessibility and services are 

mostly concerned with GIS and GPS technologies; 

 Urban well-being: many models are climate models being developed on different 

scales.  This direction concerns urban metabolism. 

The aims of the models can be very different in each of these sub-domains: some allow a 

global, interdisciplinary approach, some aim to convince professionals, some compare urban 

systems, some are designed to validate decisions, some to support discussions, and some aim 

to manage a programme or policy, or to support international negotiations (e.g.  concerning 

climate questions); hence, the wide variety of responses supplied to this study: ―The aim of a 

model is to give quantitative results out of qualitative reasoning, and to check that the 

reasoning make sense‖,
8
 or, ―Models are used to bring clarity to mysterious and non-

understandable processes by summarising such processes‘ major features‖, or ―In my opinion, 

a model used for planning practice should provide a simple, understandable, and easy-to-use 

tool that will allow elected officials and the public to use currently available data to consider 

the implications that alternative public policies will have on the future of their community.‖ 

Urban form 

What is an optimal city as far as sustainability is concerned? Compact cities are prominent 

(because of criticism concerning sprawl), but some models try to show the interests of fractal 

spatial organisations.  If the following objectives are considered – limiting the number of 

sprawl establishments, decreasing fragmentation, to enhancing diversity, establishing green 

corridors – then it may appear that the fractal city constitutes a better form of organisation.  

The Mup-City software (an interactive modelling application for planning concerns) aims to 

identify interesting locations to enable the development of new urbanised spaces.  Other 

software has been developed in similar directions, for example, What if? by R.  Klostermann. 
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Cities have been treated as systems for fifty years but only in the last two decades has the 

focus changed from aggregate equilibrium systems to more evolving systems whose structure 

merges from the bottom up.  Cities are more and more concerned with emergent phenomena 

generated through a combination of hierarchical levels of decision, driven in decentralised 

fashion.  This is consistent with the complexity sciences, which dominate the simulation of 

urban form and function.  How simple dynamic frameworks can be fashioned to generate 

more realistic models.  In exploring dynamics, nonlinear systems that admit chaos and 

bifurcation have relevance, but recently more pragmatic schemes of structuring urban models 

based on cellular automata and agent-based modelling principles have come to the fore.  Most 

urban models deal with the city in terms of the location of its economic and demographic 

activities but there is also a move to link such models to urban morphologies, which are 

clearly fractal in structure.  Key concepts in complexity such as scaling, self-similarity and 

far-from-equilibrium structures dominate our current treatment of cities, how we might 

simulate their functioning and how we might predict their futures (Batty, 2008).   

Urban performance through flux management 

Urban models are mostly linked to urban transport considerations.  For example, the goal of 

the project SustainCity (ETH Zurich) is to address the modelling and computational issues of 

integrating modern mobility simulations with the latest micro-simulation land-use models.  

The project intends to advance the state-of-the-art in the field of micro-simulation of 

prospective integrated models of LUTI.  On the modelling side, the main challenges are to 

integrate a demographic evolution module, to add an environmental module, to improve 

overall consistency and, last but not least, to deal with the multi-scale aspects of the problem, 

which involve several time horizons and spatial resolutions. 

More generally speaking, a new range of models seems to be emerging in relation to 

industrial and urban ecology (the notion of territorial ecology has been used in France).  Some 

of these academic models try to understand the urban biogeochemical processes and their 

implications for the needs of materials and energy supplies of cities.  Others, more applied 

ones, advance the importance of dematerialisation (in order to consume fewer materials) and 

decarbonisation.  They are more linked to the construction of indicators, and identification of 

the various targets of sustainability (materials, paths). 

Well-being models 

Some urban models are driven by urban comfort.  Most are related to climate models with 

specific aspects: knowledge of urban island heat, forecasts over 100 years, visualisation of 

new coastal limits, and so on.  Producers of these are occasionally great firms which, through 

their sustainable development directions or research development services, suggest models 

and visions.  Eiffage, a leading figure in the European concessions and public works sector, 

has developed Phosphore 2, a virtual project that is also a plan for 170 hectares (ha) under the 

supervision of the sustainable development sector of the group.  It was suggested as a 

possibility for the future of Marseille, France, envisaging the city in 2030 ―with a high quality 

of life‖.   

IBM has developed a vision for ―more intelligent cities‖, which incorporates several tools 

proposed for local levels of decision (Charlotte, Singapore and Stockholm are cited).  They 
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include traffic simulation tools, real-time traffic forecasts and business optimisation tools.  

They may also concern electric networks and water management systems.  In this case, new 

urban visions support technical innovations: new products that aim at the various goals of 

sustainability. 

2.3 Contemporary uses and stakes of urban models 

This study is partly based on declared practices and uses of urban models.  It consists 

primarily of qualitative material, but is certainly not representative of a whole community.  

Furthermore, it is uncertain whether a community exists in this particular domain; there are 

specific scientific communities, mainly working on family models.  The experts who 

participated are mainly producers and researchers who are mostly embedded in engineer 

sciences.  This explains the general type of response to the questions.  On the other hand, 

―experts‖ are potential commissioners and structure managers.  The list could be completed 

with contacts in the private sector, which has developed forecast and visualisation tools in 

recent years. 

It gradually became apparent that it was useful to shift from a panoramic point of view 

(synchronic analysis) to diachronic approaches with a focus on some models considered as 

circulating objects implicating producers, users, funders, application domains, and failures 

and successes (cf.  examples in section 3). 

The main motivations for using models are: (1) exploring and discussing policy scenario 

development and alternative futures; (2) informing policy decisions; (3) convincing 

professionals (which means a planning and decision support system); (4) checking that the ex-

ante reasoning makes sense; (5) testing theory and method; and (6) exploring design 

alternatives and design decisions.  The ―big picture‖ questions are linked to the potential 

impact of climate change, the energy crisis and scarce resources (particularly water).  But 

most modellers work more classically on urban growth simulation in the perspective of 

municipal services, infrastructure and social facilities.  Some of these models include rent and 

real estate price data. 

While some respondents deplore that city planners are more interested in politics than science 

(according to them, urban planning should be rooted more in empirical science as a 

discipline), others say that modellers ought to recognise that any simulation involving humans 

will be flawed.  If the limits of models are recognised, then their use can be developed, not for 

predictive purposes, but to explore the implications of choices and scenarios.  Models provide 

trends rather than exact answers, and can thus lead to approximate predictions at best. 

There are also limits concerning integration and interoperability in bringing together different 

disciplines (most models today are based on incomplete information from specific disciplines 

and complex interrelationships).   

From a global perspective, modellers either speak of the goal of a ―better city life‖, or refer to 

stated policy goals and assist city management (i.e.  policy makers) to understand the 

implications of planning decisions (e.g.  what does such a planning policy mean for 

vulnerability to flooding or heat waves).  Most data concerns economics and transport 
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engineering, but may also include remote sensing, maps, statistics, GIS and modelling 

outcomes. 

In the majority of cases, connections have to be made between transport, urban and 

environmental economics.  Specific relations between modelling approaches, 

e.g. optimisation and simulation modelling, must also be considered, which include the 

association of software tools.  Another response describes the model as the product of linking 

applied artificial intelligence, planning and GIS.  If access to high-quality data sources is 

important, the ordinary scientific contacts between universities are essential in model 

development, such as strong relationships with laboratories and local governments. 

Models may be visualised in the following ways: (1) guides (instructions and 

recommendations); (2) onscreen charts and tables; (3) maps and graphs (more frequent); 

(4) onscreen maps; (5) reports; and (6) common platform of dialogue and shape files that can 

be loaded into a GIS package or visualised on the web.  Animations of the results via video 

and websites to share information are also increasingly used.  Apart from these brief 

indications, several specificities and debates can be mentioned.   

First, one can insist on the importance of the urban historical context of each country or city 

region, which can lead to differences in the stakes linked to modelling activities; for example: 

 Shrinking cities in the United States Rust Belt do not face the same modelling 

problems as growing areas.   

 The main focus in the United States is on greenhouse gases and energy.  Water and 

land use issues are not prioritised for funding. 

 The tradition of rationale planning in Finland, which was dominant for years, has led 

today to the reinforcement of a political conception of planning.   

 The choice of cities being modelled also has implications: Geneva, Switzerland is very 

different from Pittsburgh, Pennsylvania, whose peak of carbon emission has decreased 

30% since 1965 due to decreasing population, which is different again from Paris, etc. 

Second, the running of the same models appears to vary under different circumstances; the 

models are not predictable, requiring a general system theory or development of simple 

scenarios that show contrasted solutions.  Efforts still need to be made to democratise the use 

of models as many researchers still model for the pleasure of manipulating ICT.  On the other 

hand, ICTs currently have many applications in everyday life; their economic impact is great: 

interactivity, services, embedded tools.  Models allow the development of many services.   

In all cases, models increasingly tend to escape from restrictive hypotheses such as perfect 

predictions, rational individuals and pure concurrency.  However, they can be distinguished 

according to their different possible levels of use.  Some can be used in a ―push button‖ way 

(just fill in the data), which does not require users to be computer scientists, however, this can 

be expensive and time consuming; and some can be used creatively by extracting elements 

from the model itself and adapting them to specific needs.  The second option may be more 

interesting, and relies on specific computer skills often tied to architectural and planner skills. 
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3.  Specific focus on a few urban models  

It may be difficult for people who do not produce models to imagine how they actually work.  

Moreover, the documentation of urban models is linked to circulation aspects, and focusing 

on some models is a good way to analyse the stakes, the relations between builders and users, 

and so on.  Different urban models are developed within this perspective, so as to have varied 

configurations.  There are clear contrasts between these models, some of which belong to the 

LUTI family (UrbanSim) or are climate-based (Nedum ranges from LUTI to climate when the 

French weather institute implicates itself); and some are clearly inscribed in the climate field 

with consequences on urban form or with urban applications (case study in Broomfield and 

Denver).  The case of Phosphor is different, resembling more a meta-model, a city vision 

unrelated to data and transparent parameters, but which can implicate users more directly and 

simulate future lifestyle aspects.  This is also the case for IBM models, for example, 

CityOne.
9
 Air pollution and energy models can also be compared, e.g.  the Thor model could 

be compared to the US Motor Vehicle Emission Simulator (Moves) model.  Two other cases 

are also described: participatory expert panels with the case study of Denver and Broomfield, 

Colorado, and loose coupling of models in relation to the Plurel model, although the latter is 

not applied at the urban scale. 

3.1 The LUTI family and the case of UrbanSim 

Most models of such a family are, in fact, meta-models or model aggregations.  The entry cost 

of the data survey to run a model requires large projects and many researcher collaborations.  

The scale of financing is often federal or interstate (European community, large American 

agencies).  It is noticeable, however, that there has been an increase in urban model 

development and application in many countries.  Many of these models have been linked to 

urban environmental models, although serious methodological difficulties still exist, and 

some aspects of climate change, such as building energy, process energy, renewable energy, 

microclimate and flooding, are still underrepresented (Wegener, 2010).  There exists a 

worldwide community of urban modellers who regularly meet at conferences, such as the 

World Conference of Transport Research (WCTR) and Computers in Urban Planning and 

Management (CUPUM).  The community is engaged in lively debates about modelling 

paradigms, such as macro versus micro (Wegener, 2011) or equilibrium versus dynamic 

models (Simmonds et al., 2011).  There are at least two major EU projects in which urban 

land use transport models were applied to a range of European cities to study the impacts of 

policies on air quality, energy consumption and greenhouse gas emissions: Propolis (Lautso 

et al., 2004) and Steps (Fiorello et al., 2006). 

Description of UrbanSim model 

UrbanSim is a model that simulates land use.  It incorporates a valuable land tax model and 

models discreet localisation choices for households and companies.  It can be interfaced with 

the classic transport model and allows visualisation of changes in urban development and 

changes in transport (interacting between two models, one supplies the new data to the other 

and so on).  Unlike TRANUS, for example, which aims to test transport policies, UrbanSim is 

designed to visualise the effects on urban development. 

UrbanSim is, in effect, a system of urban simulation, more a meta-model than a model.  It is a 

type of ―micro-simulation‖ because each agent is represented.  Agents are more diversified 
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than in other models of this type and are not supposed to know everything, as in pure and 

perfect conditions of market.  They are expected to act in a completely rational manner, as 

other models underline, even if the agent tends to maximise their interest.  Econometrics tries 

to attribute measures to every criterion of the decision of localisation; the sense of this 

quantification is sometimes not explicit. 

The necessary data, by cells of 150 m by 150 m, are: household composition, localisation of 

jobs, ground use, housing type and land tax.  The model develops each cell to its n+1 state.  

The grading of the model takes place by importing data over a retrospective period and 

comparing the state created by the model to the current state.  The model works by one-year 

stages. 

The objectives of users relate to planning: to contain development within certain limits, to 

optimise transport lines, to relieve network congestion, and to optimise ―extraordinary‖ 

infrastructures, such as world fairs.  The results are exported to a GIS, which creates the 

visualisation.  The model then facilitates exploration of the trade-offs of different policies.  

This model accords significant importance to the rule of the market on the basis that decisions 

are all economic.  Consideration of political decisions is more complicated.  They are finally 

described, via input files, as a set of limitations (e.g.  blocking urbanisation on certain plots of 

land).   

Emergence context of UrbanSim 

The United States context is characterised by problems of congestion, transport and especially 

legislative acts, which oblige metropolitan planning organisations to co-ordinate land-use 

schedules, transportation and environment (cf.  the Intermodal Surface Transportation 

Efficiency Act [ISTEA] in 1991; or the Transportation Equity Act of the 21
st
 Century 

[TEA21] in 1998).  At the same time, there is awareness of the necessity to take into account 

the interaction between transport, urbanisation and environment, but also the incapacity of the 

standard models of metropolitan planning organisations to connect urban planning, transport 

and environmental quality.  The framework of the Travel Model Improvement Project (TMIP) 

has made possible the collaboration between the Federal Highway Administration, the 

Federal Transit and the Environmental Protection Agency.  The initiatives stemming from this 

project focus on the local level.  One in particular has been adopted by the transport 

department of Oregon, and will implement TRANUS
10

 at state level, and UrbanSim at the 

metropolitan level.  UrbanSim was first developed for Honolulu in 1996.  A new version 

(Oregon) was implemented from Eugene-Springfield in 1998 to empirically validate the 

model (this city is small-scale and data are available).  Paul Wadell‘s team (University of 

Washington, Seattle) is currently working on this heavily funded project. 

Model career 

There is a huge community of researchers and users of UrbanSim (with a mailing list and 

updated website).  Teams working with this model have met with apparent success when 

developing collaborations between economists, geographers and engineers.  With this model, 

Paul Wadell has initiated co-operation with many researchers.  He spent a year at the 

University of Cergy Pontoise in France to assist French researchers (and develop a second 

version of UrbanSim).  The model was first applied to other American cities (Houston, 
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Phoenix, Salt Lake City, Seattle, Washtenaw County), Quebec, and was then used in 

Belgium, France, Italy, the Netherlands and Switzerland.  Questions of adaptation have arisen 

taking into account the morphological differences of the different metropolises, as well as the 

relationship to the market, which is more regulated in France, for example.  Many such 

projects are currently in progress. 

The widespread use of this model is partly a result of its simplicity of use, flexibility and 

development possibilities, but also owes much of its success to the fact that it is freely 

available (unlike TRANUS, which is owned by the firm Modelistica).  The source code has 

been available online since 1988 (currently the 4th version), and the model is registered under 

an open source general public license (GNU) on OPUS, a platform that allows anyone to use 

it.  Moreover, it can be used by importing Eugene-Springfield‘s data.  This cognitive 

accessibility is a wish of the designers so that the model can increase the number of users able 

to discuss the evolution and spatial organisation of urban spaces. 

3.2 Agent-based models: the case of NEDUM  

The availability of GIS-based satellite imagery has increased the potential for developing 

agent-based models, also called cellular-automate models.  Even if these models generally 

have a poor theoretical foundation, they will probably develop in the following years.
11 

 

Model description 

The main investigation domain of NEDUM (Non Equilibrium Dynamic Urban Model) 

concerns the socio-economic consequences of transport and city planning.  (The primary aim 

is to test climate change-related public policies, but various other policies can also be tested.) 

The phenomena taken into account are the dynamical variation of rent and real estate prices as 

a function of transport and city planning.  Dynamics are a function of rent and real estate 

prices changes; urban sprawl and natural risks are the main contextual background.  

Economics and transport engineering are the main disciplines involved in the model.  Data 

concern geographic distribution of rent, population density, flat sizes and floor area ratio in 

the city and over time, and the evolution of average rent. 

Sources come from the National Institute of Statistics and Economic Studies (INSEE), the 

planning institute of the Parisian region and researcher networks.   

NEDUM is a dynamical model; it computes the temporal evolution of each of its variables.  It 

can be brought closer to LUTI models. 

Model career 

The CIRED lab (International Centre for Research on Environment and Development) has 

been developing NEDUM since 2004, and in 2009 entered into a collaboration with the 

French weather institute, Météo France.  There are two distinct periods.  From 2003 to 2007, 

it was a one-dimension model, monocentric and academic.  It was launched on the basis that 

existing urban models were equilibrium-based, whereas cities are not systems in equilibrium.  

The major aim was to build a non-equilibrium system.  The two-dimension model now allows 

visualisation of outputs.  With Météo France, the aim is to develop an integrated model of the 

city.  CIRED tries to model the evolution of Parisian urban forms through the century so as to 

simulate the impacts of climate change in the Parisian region.   
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In the recent past, there have been orders from ADEME, the public agency for energy, for the 

assessment of ground taxation, and from the City of Paris.  A public presentation, outside the 

academic field, first occurred in October 2010.
12 

The aim is to apply NEDUM 2D to the urban 

regions of Toulouse and London (Viguié and Hallegatte, 2011).  Partnerships have just been 

made with the city of Toulouse and Newcastle University. 

3.3 Phosphore 2
13

 

The issue of sustainability has led a certain number of companies to anticipate and commit to 

technological innovation.  For example, the Eiffage Group, one of Europe‘s main construction 

groups, has mobilised all its subsidiaries (construction, public works, energy, metal and 

motorway concessions) to work together on research and development under the direction of 

the group‘s sustainable development division.  The group has also mobilised outside 

expertise, including the social sciences (climate, environment, town planning, economy of 

transport, sociology, public policies) to establish a ―forecast laboratory in sustainable 

development to define and to implement the city of tomorrow‖.   

The project is called ―Phosphore‖ and was split into two phases.  The first phase began in 

2007, and arose from a request for information from the city of Marseille regarding the 

potential effects of the conception, construction and exploitation, until 2050, of a multimodal 

urban station.  This was a way for the city to pursue its urban requalification, begun with the 

Euroméditerranée project.
14

 The second phase (Phosphore 2), from 2008 to 2009, concerned 

the future ―ecodistrict‖ around this multimodal station (1.7 km²).  It is thus from this specific 

context that a model or vision of a piece of the city of tomorrow has been developed in virtual 

terms and is accessible via the Internet.  This virtual project aims to contribute to current 

thinking on sustainable city planning. 

The Phosphore project anticipates an urban environment in 2020 (with a 2050 perspective).  It 

is imagined that this future context will be based upon climatic and energy conditions: the 

team anticipates an exclusive use of renewable energies, a minimal consumption of resources, 

and a drastic reduction of greenhouse gas emissions.  However, it is also a question of 

incorporating the evolution of the city and lifestyles, and demographic and sociological 

transformations.  With this in mind, the project takes into account connectivity between 

territories and individual mobility needs, reports on ageing, the variable geometry of the 

family unit, and increasing professional nomadism.  The website allows users to follow Marc, 

Hina and Suzanne through this eco-district from Marseille, and see how they manage their 

lives.  The district is organised around an ―inter-districts plan‖, which groups collective 

transport such as cable cars, pedestrian walkways and fitness trails.  This plan serves the 

multimodal hub and the ―universal market‖, including all types of equipment and services.  

Vehicles are modules, which can serve as public transportation and as transportation for 

goods.  Key notions include modularity of uses, mutualisation of spaces (working areas) and 

methods of transportation. 

Everything seems easy in this ideal city: one can arrive at the multimodal hub, question an 

interactive information point, and be shown the route to the closest bike; drop off one‘s 

daughter at the day nursery at one of the ―Halles‖, and get to one of the office hubs reserved 

for a meeting, or circulate in a street that signals the crosswalk as you prepare to cross.  The 
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city offers many options, allowing every user to achieve what he or she wants.  The city is 

very intuitive and intelligent, and exists in comprehensive, holistic interaction with each 

inhabitant.  The Phosphore proposals are realised on the website through the city‘s 

construction, arrangement and eco-mobility.  One such realisation is a methodological 

standard which aims at a systematic approach to sustainable development, the High Quality of 

Life®, a trademark registered by the group Eiffage.  The model also incorporates the concept 

of a ―naked street‖, based on the technology Luciole®, which does not require road signs but 

rather implements an intelligent LED signalling system that adjusts to situations (children on 

a school outing, bus schedules, pedestrian routes in the evening).  The website also provides 

information on options for facades or roofs, such as photovoltaic cells or free cooling, all of 

which aim at either power production or climatic comfort.  Typologies of buildings are also 

suggested, particularly to develop internal spaces with the use of flexible and evolutionary 

structures, allowing for the addition of balcony or staircase modules to reach an additional 

room, for example.  Rooms can be either shared or used for single occupancy.   

With this virtual project, Eiffage has explored how a city of tomorrow can rely on specific 

technologies.  The effects in terms of communication are obvious.  This anticipation exercise 

certainly also allows for internal management, and activation of the skills of the various 

subsidiaries.  But the primary objective is to produce concrete solutions.  Their engineers are 

testing the technological propositions and other processes utilised in Phosphore on projects 

currently being realised by Eiffage.  They are using this vision, a model of the city of 

tomorrow, to make them a leader in future technologies.   

Other models of this kind bear mentioning, such as CityOne by IBM, which has the following 

motto: ―We can't solve problems by using the same kind of thinking we used when we created 

them‖,
15 

and Vibat (Visioning and Backcasting for Transport), supported by the UrbanBuzz 

programme, which was developed for London as well as India and Delhi.
16

 

3.4 THOR/TEB-SURFEX: Fragmentation and convergence of air pollution and energy 

models 

The approach to modelling climate changes in urban zones is the same as that for most urban 

models: system modelling.  This aims to develop integrative forms articulating several types 

of models, which at the beginning are often neither specifically urban, nor properly climatic, 

so as to develop extensive approaches regarding the urban climate (temperature, air, ICU, 

etc.). 

System models are not just a combination of prototypes or simulators.  They also correspond 

to heuristic and organisational structures (partnerships, observation campaigns – one of the 

aspects of models) because of the costs and the considerable engineering involved.  Their 

field of production and experimentation is often limited in both time and space: one sector, 

and one or three cities.  Their export is due more to reputational aspects in the scientific 

reference field than applicative circulations of their technologies.  Is this dimension (ad hoc 

financing linked to supports or specific funding) one of the reasons for the significant, 

persistent fragmentation in this domain beyond the absence of normalisation of data and the 

reference algorithms on which they are based? Few climate models seem reproducible and 

systematised. 
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Model description 

THOR belongs to the ―integrative‖ class of climate urban models designed to model local 

urban systems on a large scale, while running the resultant effects of hyper-local variations 

(model of surface energy balance sheet).  Realised within the framework of the National 

Environmental Research Institute (Denmark, Aarhus University),
17

 it represents a strong 

convergence of vision with the approaches engaged in by the Urban Climate framework, 

research and development sector of Météo-France, in particular TEB-SURFEX.
18

 Both follow 

a structure based around four stages.  At level 1, departure scenarios are defined from 

working hypotheses based on the state of technologies, the technical rules, the volume of 

pollutant emissions, a system of transport, the lifestyles and choices of urban planning 

(compactness, polynuclearity), or scenarios of global warming (GIEC).  Level 2 consists of 

models based upon long-term projections and socio-economic trends in transport.  At level 3, 

models of precise impact are added to physical models on the distribution of pollutants or 

temperatures in a street (Urban Surface Energy Balance Model).  Finally, at level 4 

sophisticated or elementary visualisations are built to feed strategies and action plans. 

THOR, used in programmes of urban air quality supervision, runs several models of weather 

forecasts and air pollution (not specifically urban) working at various scales: it can work on 

resolutions and models of forecast extending to the regional scale, and at the urban and infra-

urban scales (archetype of the ―canyon street‖). 

By coupling these scales with the domain of pollutant emissions, it integrates the role of local 

taxes and close emissions (internal and situated), as well as more distant emissions (external, 

resulting from industries, accidental emissions threatening urban circles), thus allowing 

precise forecasts anywhere in the world.  It runs several models: global circulation, air 

pollution in urban zones or local dispersal. 

Figure 3.1 A Danish approach: The THOR integrated model system  

 
Source: Nielsen, et al.  (2010).   

At first, a non-urban meteorological model was elaborated from the data of a global 

circulation model (Global Climate Models or General Circulation models) in the United 
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States (National Center for Environmental Prediction, NSEP).  Then a model of distribution 

of air pollutants at long distance (Danish Eulerian Hemispheric Model, DEHM) was run.  

This model uses data of the European Programme of supervision and assessment of pollutant 

emissions (EMEP), as well as the international databases of emissions.  The meteorological 

data and the air pollution concentration data, stemming from the model of transport at long 

distance, are used as starting points for the ―Urban Background Model‖ (UBM), which 

calculates the pollution of urban air, basing its calculations on the inventories of emission 

with a spatial resolution up to 1 km.  This model has been tested on two cities (Aalborg and 

Copenhagen) and is freely available. 

The Operational Street Pollution Model (OSPM) model, one of the sub-models, concerns 

atmospheric pollution in the ―street canyon―.  It reproduces production of concentrations of 

atmospheric pollutants in cities on the scale of the street.  Its circulation is the result of 

campaigns of air quality measurement in Berlin, Brussels, Copenhagen, Goteborg, Hanover, 

Helsinki, Milan and Oslo.  It was also exported to China (cf.  infra). 

Finally, hyper-local variations are integrated from the atmospheric dispersion model (OML
19

) 

that is supposed to integrate the effects of emissions linked to the presence of industry.  This 

model enables the visualisation of emissions from a particular targeted source, and can draw it 

on a radius of 30 kilometres. 

Model context and career 

This model forms part of a genealogical line of other models (AirGis, DEM, OML, OSPM) 

linked to environmental actions that began in the 1970s with the goal of the Danish Agency of 

Energy
20

 to attain a 10% reduction in carbon emissions by 2030 (cf.  Nielsen et al., 2010).  

Modelling urban air quality is strategic.  It may lead to the establishment of a technical 

arsenal with national impact, but is sometimes difficult to use for irregular situations 

(complex relief, modification of the climate during transport duration).   

In 2003, the Thor model was awarded the prestigious ―Green Organisation‖ prize (Green 

Apple Environment Awards), which rewards best environmental practice.
21

 The declared 

reasons can be underlined: ―An innovative and low cost air pollution model system has been 

developed as part of the campaign to reduce the number of premature deaths caused by air 

pollution.  The system has adaptations from broad and long-range levels, right down to 

particular problems of individual streets.  It also can be adopted for use worldwide.‖ 

In the case of Beijing, the Department of Environmental Sciences and Engineering at 

Tsinghai University reused one sub-model of THOR (OSPM).
22

 The adaptation was original 

because the model had been built for ―canyon streets‖ and was adapted for Beijing‘s 

relatively wide and open streets.  Another operation of OSPM was tested in the United 

Kingdom through AEOLIUS (Assessing the Environment of Rents in Urban Streets), a model 

of air dispersal from the Meteorological Office.   

More significantly, it is important to underline that the acquisition of OSPM allowed 

Lithuania to respond to the necessary harmonisation of its national legislation in 

environmental subjects, and work toward the requirements of the European Union on 

community legislation concerning air quality.  Lithuania was using the empirical model 



Page 40 of 99 

―Ecolog‖ (Russian), but this was considered insufficient for modelling air quality in the 

Lettish cities (Steinberga and Lizuma, 2004). 

3.5 Technical analysis and deliberations for sustainable energy planning: case study in 

Denver and Broomfield, Colorado, United States 

Model description 

The agencies commissioning this model are the City and County of Denver and the City and 

County of Broomfield (Colorado, United States).  The model builders are involved in the 

Sustainable Urban Infrastructure Program at University of Colorado Denver.
23

 

The user goals are to develop a baseline of energy use and greenhouse gas (GHG) emissions 

associated with two cities (users); develop scenarios for interventions in the buildings, 

transport and materials-waste sector; and provide these in interactive deliberative sessions 

with task force members who will shape the final sustainability plans.  Task force members 

viewed PowerPoint slides, pie charts, and made calculations on spreadsheets developed by the 

model maker, which were then discussed together. 

The technical focus is a mixture of passive (current baseline) and active (future policy 

scenarios) models that aim to inform city planning and operations.  The baseline energy-use 

models are physically based (Ramaswami et al., 2008).  Policy scenarios use data on 

participation rates of various social actors in energy efficiency interventions in various policy 

scenarios (Ramaswami et al., 2011).   

Task force members have scrutinised energy use in buildings and transportation sectors in 

Denver and Broomfield, consistent with the partnership approach.  Energy intensity in various 

sectors was benchmarked with those reported at the state level and surrounding cities; 

differences between each city and the state benchmarks were explained, for example, by 

smaller home square footage in Denver and larger in Broomfield (and larger average 

household size) compared to the state average.  Sharing of data and rigorous benchmarking 

increased trust in the data. 

Model implementation 

The project uses a partnership model comprising the model maker and the users, and employs 

an analytic-deliberation (AD) process (Stern, 2005), founded on the observation that technical 

information alone does not provide the understanding necessary for decision making.  Good 

practice of AD requires at least the following: broad-based participation among stakeholders; 

utilisation of good science with clear representation of uncertainty; explicit delineation of 

values and their role in interpreting data/model results and in decision making; transparency 

in the rules of deliberation and rules for closure of the deliberative process, demonstrating 

consensus or diversity of opinions; and the establishment of criteria for reconsideration as 

new data become available.  In such cases a combination of technical analysis with 

deliberations, termed analytic deliberation, is useful, as demonstrated in numerous practical 

applications, such as environmental risk assessment and mitigation in communities (Stern 

et al., 1996), land use planning incorporating multi-objectives decision making (Rauschmayer 

and Wittmer, 2006), and recently in public policy deliberations on the future of social security 

in the United States (Barabas, 2004).   
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The project was therefore implemented with the following steps: 

 Identify the deliberative body in each participating community; 

 Co-develop datasets for baseline sustainability analysis; 

 Set sustainability goals and elucidate various underlying values; 

 Facilitate a process to involve experts in scenario modelling; 

 Implement an analytic-deliberation process model for prioritising actions; 

 Demonstrate consensus or diversity;  

 Conduct an outcomes assessment of the participatory process model. 

The outcomes assessment of this collaborative process between model makers and users (only 

in Broomfield, Colorado) measured changes in knowledge and policy opinion among task 

force members before and after the AD process.  The initial study shows that: 

 Value of Technical Analysis: 69% reported learning.  Data showed measurable 

changes in knowledge on sustainability terms such as Energy Star appliances, smart 

growth, smart grid and carbon dioxide equivalents (CO2e). 

 Value of Analytical Deliberations: qualitative data gathered on the value of 

deliberations showed that many of the participants found the discussions more 

valuable than the technical data.   

This case study illustrates that technical information alone does not drive policy decisions, 

and model makers must be aware of the role of combined analysis and deliberation to develop 

effectively used models.
24

 

3.6 PLUREL iIAT–EU: loose coupling of models according to end-user demands 

This case study
25

 is an example of the interoperability of existing and newly developed 

models that cross interdisciplinary domains, albeit not on the urban scale.  It may be 

considered as the most meta-model of the six focuses. 

Model description 

The commissioning agency is the European Commission, Directorate-General Research 

(DG RTD), Brussels, Belgium.  PLUREL is an Integrated Project partially funded by the 

European Union under the theme ―Sustainable Development, Global Change and 

Ecosystems― of the Sixth Framework Programme.  The model builders are researchers from 

the Leibniz-Centre for Agricultural Landscape Research (ZALF), located in Muencheberg, 

Germany.  The models concerned by the coupling exercise are detailed in Table 3.1. 
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Table 3.1 Models coupled for PLUREL impact analysis of urbanisation in the EU-27 

Model Scope Scale Developers Link 

Scenario 

framework 

oriented along 

IPCC 

Innovation, 

climate change, 

socio-

demographic 

change, energy 

crises  

Global, Pan- 

European 

IPCC, adopted 

by Ravetz, et al.  

(University of 

Manchester) 

www.plurel.net/im

ages/D132.pdf 

IIASA 

probabilistic 

projections  

Demography National 

(NUTS0, 

NUTS1) 

iIASA, Skirbekk, 

et al.   

www.plurel.net/im

ages/D122.pdf 

www.plurel.net/im

ages/D123.pdf 

NEMESIS Economic 

development  

National, 

regional 

(NUTS0, 

NUTS1, 

NUTS2) 

Erasme (Ecole 

Centrale Paris ) 

Zagame, et al.   

www.plurel.net/im

ages/D111.pdf 

RUG (Regional 

Urban Growth) 

Land use Spatially 

explicit  

(1 km
2
 grid) 

University of  

Edinburgh, 

Fontaine, et al.   

www.plurel.net/im

ages/D143.pdf 

European 

Urbanisation 

Impact (EUI) 

model, based on 

response 

functions  

Population and 

household 

structure 

District 

NUTS 3 

(NUTSX) 

Austrian Institute 

of Technology, 

Loibl, et al. 

www.plurel.net/im

ages/D233.pdf 

Economy and 

employment 

Polish Academy 

of Science, 

Korcelli, et al. 

www.plurel.net/im

ages/D236.pdf 

Energy 

consumption 

and air pollution  

Austrian Institute 

of Technology, 

Loibl, et al. 

www.plurel.net/im

ages/D238.pdf 

Agriculture, 

ecology, 

recreation  

ZALF  

Zasada, et al. 

www.plurel.net/im

ages/D239_2310.p

df 

iIAT-EU 

(Integrative 

Impact Analysis 

Tool) 

Sustainability 

analysis of 

urbanisation 

impacts 

Pan-

European  

district 

(NUTS0 

NUTSX) 

ZALF, Piorr 

et al. 

www.plurel.net/im

ages/D521.pdf 

The European integrated Impact Analysis Tool (iIAT-EU) synthesises the results from the 

PLUREL modelling of urbanisation and its impacts on various functions into a multipurpose 

and interactive webtool (Haase et al., 2010; Piorr et al., 2011).  It has been developed to make 

comprehensive and complex scientific modelling accessible and understandable for a broad 

range of end users, such as regional planners, European policy makers and stakeholders of all 

kinds.  Users can extract thematically and spatially targeted information for different scales 

and for different types of regions, and can carry out comparisons that are visualised in 

spidergrams and can be downloaded as PDF files.  Selection between sustainability 

indicators, scenarios and different spatial units at different scales is the main application 

principle.  The database underlying the iIAT-EU is derived from the impact-modelling 

algorithm of the EUI model, derived from a loose-coupling procedure of existing and newly 

developed models from different disciplines.   
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The technical focus is a mixture of passive (current baseline) and active (future development 

scenarios, oriented along the IPCC SRES scenarios) interpreted towards urbanisation impacts.  

The iIAT-EU is technically implemented as a software programme based on the JAVA® 

platform; it integrates several open-source software libraries to extend its functionality.  Only 

data from public available sources for free download are used.  Data storage and maintenance 

is carried out at the Austrian Institute of Technology (AIT). 

Figure 3.2 Indicators of the PLUREL integrated impact analysis tool on urbanisation 

 
Source: Piorr, et al.  (2011). 

Model implementation 

The iIAT-EU tool and the underlying EUI model represent one of the main means by which 

PLUREL disseminates scientific results and knowledge related to the sustainability impact 

analysis of European urbanisation.  Users of iIAT-EU are able to explore possible future 

situations from the perspective of sustainable development and to identify future policy issues 

and territorial action agendas for European policy makers.  It further represents a basis for 

information for European stakeholders interested in decision making within spatial 

development.   

Implementation of the modelling procedure and the accompanying participation process 

followed these steps: 

 Agree on scenarios and storylines and their interpretation for urbanisation-related 

functions and impacts, both with scientists from different disciplines and stakeholders 

from different case study regions.   

 Select Eurostat and Corine Land Cover datasets for baseline analysis of economic, 

demographic and land-use simulations. 

 Apply scenarios to demographic, economic and land-use models. 

 Develop downscaling procedures from national to district and spatial-grid level. 
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 Develop and improve regression models for relevant urban-rural functions and 

integrate into the EUI model. 

 Select variables and data sources for sustainability impact analysis and develop 

additional algorithms for the EUI, run simulations and normalise outputs. 

 Discuss web tool functionalities with end users, stakeholders and external evaluators.  

Choose, integrate and pre-test typologies as data aggregation and storyline selection 

device together with end users and stakeholders. 

 Apply prototype, discuss exemplary results and optimise functions (map viewer, tip 

tools, PDF download). 

 Give free web access to the tool and provide easy reading materials (―how to use‖, 

―thematic fact sheets‖, ―synthesis report‖). 

Outcomes of the analysis have been discussed with stakeholders in an interactive procedure.  

According to stakeholder demands regarding an improved handling of complexity, the web 

tool iIAT-EU has been designed with the required functionalities (Figure 3.3). 

Figure 3.3 Functions of the graphical user interface (GUI) of the PLUREL iIAT-EU 

Source: www.plurel.net 

Two forms of written outputs have been produced to facilitate interpretations: a compilation 

of factsheets (PLUREL XPLORER) that allows the user to approach the issue of interest by 

keyword search or path dependence, and a synthesis report that compiles the most important 

maps from a sectoral view and discusses them in the context of policy and governance.   

Combining new and pre-existing models that have been developed for different purposes, 

users and scales of application is challenging and time consuming, but also possible and 

meaningful.  Intensive communication between model developers and users is required to 

ensure transparency with regard to the capabilities and limitations of such coupling exercises.  

This has two advantages: first in the focusing of joint efforts towards the required information 

only, and second in the broadening of the knowledge base by enabling discussions between 

practitioners (planners, policy makers) and researchers.   
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4.  Main issues arising 

During the research process and in relation to the sessions of the specific workshop in 

Melbourne, different key questions emerged as sensitive cases.  Some of these are highlighted 

with explicit material drawn from questionnaires and interviews. 

4.1 Data access and accessibility: model builder needs 

It is necessary to re-emphasise that the quality of models depends on the quality of data; this 

obviously requires being able to find the data in the first place.  Data collection is always a 

huge undertaking.  Many researchers have to ―go fishing‖ to retrieve and combine data from 

diverse organisations.  Modelling activities have an ―entry cost‖ as a consequence of this 

aspect.  It requires several years to suitably establish a database even before the model is run. 

And then, each time we wanted to get back additional data, it never happened 

straight away.  That is, when there are agreements, the process can take more or less 

time.  And sometimes things are blocked during months and we do not know why… 

It is not a pseudo-automatic process where you just have to go on a web page, to fill 

something and two days later that returns, data are there.  It is much more complex 

than that… 

A model takes almost 500 hours of work… That‘s why it‘s better if somebody 

prepares it for you.  … The thing is that we don‘t have enough data … But the main 

issue concerning data is much more dealing with quality than with just accumulating 

data.  Most of the decisions we are taking are based on the data we have.  For 

example, working in environment, we have to improve things, sometimes we have 

to take decisions … and all is still based on data and their results. 

Several observations can be made with regard to data accessibility.  There has been an 

increase of actors likely to produce data (in particular in the private domain and by citizens, 

such as related to the use of GPS) and the themes that need to be taken into account have 

multiplied (e.g.  a ten-year obligation to take land use into account in planning).  The 

development of geo-referenced statistics has also changed the way of producing statistics.  

Thus, the engineering field of data evolves. 

One of the projects we have done in the United States was to produce a database and 

a website to collect user information.  We had to put together many public datasets.  

It was a huge data collection experiment, also taking into account companies‘ 

specific data.  Now, we are mostly working on Energy and greenhouse gas emission 

(carbon disclosure project [UK], cdproject.net).  For example, companies have 

many data concerning carbon emission and are now our major source of 

information. 

The problem is that usually data come from the government.  And the government 

anonymises companies.  So you can‘t identify the company; they will always 

remove the name.  That‘s why it‘s interesting when companies are involved 

voluntarily (3 000 companies are referenced in our project, mostly in the US and 

Europe; for example, EDF in France…).  Another solution is the use of new 

reporting tools (such as iPhone from Apple).   
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There are several related issues: 

 Data comparison.  Questions may concern the use of the same grid to compare data, 

and the elaboration of common lists (cf.  the national grid card, imposed by the 

INSPIRES European directive).  A grid that suits US metropolises is not necessarily 

valid in the European context. 

 Data distribution.  The rules concerning the relations between producers and users 

evolve.  Distribution broadens via ―open‖ accessibility through the Internet.  But 

transferring data may raise legal issues, such as privacy and confidentiality. 

 Data capitalisation.  It is necessary to improve the interoperability of data, allowing 

transition from one software to another – or to improve on the accessibility of 

aggregated data and metadata, which are useful because of their inherent accessibility.  

How is it possible to avoid the situation whereby researchers or developers repeat the 

same engineering steps in every research project? One solution may be co-operative 

platforms of projects of research, where their data are made available.
26

 

As regards Climate Plan strategies, which are growing in various public configurations, 

municipalities frequently call for private proposals.  Models used, methods of calculation are 

―not clear, not transparent‖.  Here, the rule of research is to find a transparent and clear 

alternative.  This explains the stake of SUME.
27

 The aim is to propose a transparent 

methodology.   

We have access to Parisian data, because we are here, we know many people, we 

know where to ask… To do that somewhere else, it is much more difficult.  For 

example, the London case, It is just because we have a really close relationship with 

the Newcastle laboratory, which has worked on London and is ready to give us the 

package.  Then, in an ideal world, all the work we have done for this package in 

Paris, we could give it.  Later, that raises many problems of intellectual property.   

The possible capitalisation of data brings into question the transparency of methods and 

calculations.  Given the competition between suppliers of data, the market and strategic 

values, data will be increasingly market driven.  Of course, data quality, once the raw data has 

been obtained, depends on types of models.  It is, for example, dependent on:  

 The degree of correspondence to the geographical reality in terms of land use.  How 

should data be represented: according to a square grid or administrative limits? 

 The degree of correspondence with social reality.  Are many simplified hypotheses 

necessary to ensure implementation of the model? The architecture of the model may 

impose some uses of data rather than others. 

 Data collection is also a major issue in terms of model comparability.  Designing 

standardised data collection and management procedures might facilitate the 

circulation process (see below). 
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4.2 The interdisciplinary question in model-building and model use 

A keystone of model building is interdisciplinarity in terms of expert background and 

competence.  This issue can be viewed from three perspectives.   

The first concerns social environments and professional cultures.  It asks questions about the 

transfer of tools and methods between experts, such as: How can scientists best work 

together, and how can this be done in a co-operative way? As one expert said, ―The genesis of 

a good research is based on a good transdisciplinary communication.‖ However, good 

communication is not as simple to effect as it may sound.  This is due to: 

 Language questions (different referential frameworks and variation in technical and 

specific terms).  The generalisation of the North American English language standard 

is potentially more of a problem than a solution.
28

 

 Representation and visualisation questions.  Between economists who try to optimise, 

physicians who simulate, planners facing space and timescale options (20-year 

forecast, 100-year forecast), approaches are very different and also linked to 

disciplinary cultures.   

A key question when working between different services is: What tools can facilitate 

convergence? 

Some failures of UrbanSim happen when the team doesn‘t have all the 

competencies.  We don‘t have a good use of tools.  In urban planning labs in US, it 

is often the same person who has different skills or competencies are just located in 

a close office.  Americans collaborate easier, Swiss also.  It is more difficult in 

France.   

Some disciplines are absent or represent nascent fields, particularly in the social sciences:  

Existing models are too conventional (ill-adapted to fast changing world) and not 

taking into account subtle and ―soft‖ (human) factors such as human behaviours, 

political will and political economy, social and cultural factors… Merging social, 

economic and environmental and institutional dimension in one model remains a 

challenge 

Behavioural and sociological data tend nevertheless to be more present nowadays:  

That is why we will have to build an interdisciplinary group (with psychologists, for 

example, to know how to influence human decisions). 

In some cases, disciplines are clearly instruments for other disciplines, not considered to be 

on the same level.  This is another difficulty in scientific collaboration, which can be 

illustrated through this quotation, in relation to the SustainCity programme, which addresses 

the modelling and computational issues of integrating modern mobility simulations with the 

latest micro-simulation land-use models (project founded by the European Commission, 

7th framework programme): 

We are inspired by some sociological works.  For example, when looking for the 

impacts of train station locations or distances to roads, you cannot just say: ―the 

nearer from the station you are, the best you feel‖.  Two effects can counterbalance: 
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we appreciate being not too far, but not so near in order to avoid pollutions.  The 

relation becomes more complex like this one: being located under 300 or 500 m, the 

closer I am, the worse I feel; being above this distance, the closer I am, the better I 

feel.  It is the same concerning neighbourhood questions.  So we are inspired by 

sociologists both for the selection of variables and also for writing models, to know 

who takes decisions.  SustainCity allows such questions like what kind of 

population is supposed to come, how many cars they will have, how they will use it 

and how much pollution they will generate. 

The second aspect, co-operation and collaboration, brings into question the existence of 

community networks (workshops, community meetings), information platforms, the role that 

national and international structures can play, and funding orientations.  An inventory of 

existing platforms and networks can be useful (Appendix B).   

In an ideal world, all the work we have been doing on Paris could be transferred 

elsewhere.  There are indeed many intellectual property questions… We are really 

in the heart of OECD preoccupations. 

Models can therefore be the occasion of controversial discussions between different sciences, 

sometimes working towards a unified approach: 

The major challenge lies in unifying the models from the various disciplines 

involved in urban decision making to present a unified decision making 

environment for designers, planners and policy makers.  At present, this is more 

likely to be achieved by interlinked models. 

Our integrated model was first applied to London.  We have been asked repeatedly 

about the transferability of the research to other cities … Thus from a technical 

point of view, the UIAF is applicable to any UK city.  … We expect that this 

process of co-development will be modified and adapted to differing situations.  

Through inter-comparison of our approaches with those of leading institutions 

worldwide we have developed a good understanding of commonalities and 

differences in datasets and methodology.   

If co-operation must be internationally instituted, it must not replace good internal 

collaborations (inside universities, for example):  

The ordinary scientific contacts between universities are essential in model 

development, and also access to high quality data sources: Because our university is 

small, to make impact, we have to work together.  It enhances co-operation between 

teachers and researchers. 

Another crucial aspect resolving around interdisciplinary work relates to funding: what 

matters do urban governments finance?  

Urban energy use hasn‘t received much coverage in the past, because energy system 

decisions are made at a national – not urban – scale. 
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Funding stakes may have consequences on the creation of interdisciplinary teams:  

Thanks to SustainCity I hope we can make more studies and applications.  It is a big 

machine with a fixed cost at the entrance.  We necessarily have consequent projects. 

Even if there have been frequent urban modelling activities since the 1970s, these have not 

often been the target of workshops or community events.  This is rather an implicit aspect, 

which reminds us of the difficulty of capitalisation.  What should be done when participants 

part after a workshop or a community meeting? There is a need for framework programmes 

and permanent structures, so as to transform dialogue into possibilities of collaboration. 

The third dimension, interdisciplinarity, has to be seen as a path to complexity paradigms.  

Although claims are often made, methodological tools rarely achieve a real comprehension of 

complexity.  When urban systems are seen as complex ones, urban models are filters 

enhancing the reading of such complexity.  Some are simple ones; others are meta-models 

(combining more simple models) trying to capture the complexity in its entirety.   

There are really two paths: those who integrate models and do some big modelling 

and those who develop small models and who also try to understand the big models.  

Because the problem is that nowadays we sometimes have no idea of how the big 

model is working.  By simplifying the big model, we may understand what it is 

doing.  The model becomes the object to be studied. 

It is important to estimate the limits of interdisciplinary integration: with so many inputs, 

users have to be strongly equipped.   

4.3 Interfaces between builders and users: an advanced dialogue?  

If there are sometimes great differences in modelling activities according to disciplines and 

professional cultures (cf.  planners versus designers, according to one expert), the main gap is 

probably between builders (scientists, developers) and professionals embedded in urban 

management questions, elected members and inhabitants.  It would be very interesting to 

gather together the different experiments performed over the last two decades (e.g.  the 

―Groningen experiment‖ and ―talking cities‖, mentioned by Frazer [interview]) so as to 

tighten the relations between them.  Such an approach would centre on interfaces, and could 

target the places where models are frequently problematic because of remaining ―black 

boxes‖, or at least complicated tools.   

First of all, it can take time to convince elected officials to develop modelling activities:  

People are used to have constructed elements, drawn elements and when you only 

have machines and software, it is not obvious.  We have to find out teaching aids, 

we need to explain that it is not forecasting, it is not what will happen. 

Some urban models have had many applications and developments.  For example, in 2000 the 

Environmental Protection Agency stated that TRANUS was the most widely used model 

worldwide in the LUTI category.  Modelistica, its developing firm, has been working in many 

cities (mainly in Latin America, but also in Europe, Japan and the United States).  The 

company is dedicated to consulting services in the areas of urban, regional and transportation 



Page 50 of 99 

planning, integrated land use and transport modelling, geographic information systems, 

databases and surveys.   

In addition to powerful and flexible land use and transport models, TRANUS 

provides an exceptional graphical user interface linked to an intelligent database 

with explicit representation of scenarios.  The interface is intuitive and provides all 

necessary tools for editing networks.  Several ways of interchanging with GIS 

databases are provided, as well as with spreadsheets, word processors and others.  

Networks may be imported from other models or databases.
29

 

Generally speaking, it takes time to know what a model is made for, what kind of questions it 

may answer, and what it can and cannot do.  As most model experts are embedded in 

questions of modelling, they are further removed from more practical considerations.  

Ethnography of sciences may lead to a better understanding of the conditions of a widespread 

scientific culture.  A similar aim, for example, can be found in the work of A.  Yaneva on an 

ethnography of design for the Office for Metropolitan Architecture, led by R.Koolhaas.  As a 

participant observer, she highlights the importance of routine gestures of model-making, 

recycling, assembling, rescaling, and so on.  This may lead one to question current trends 

relying on theoretical or technical sophistication.  These can obviously lead to more credible 

results, but can also be far removed from users and questions of manipulation.  As Batty 

(2008) wrote:  

Modelling is now much more contingent on context and circumstance than at any 

time in the past.  The use of multiple models, counter modelling and the synthesis of 

different and often-contradictory model structures are now taken for granted in 

systems where we consider there may be no optimal solutions and where there will 

always be dissent from what is regarded as acceptable.  Many newer models such as 

those based on cellular and agent-based structures and those which postulate a 

dynamics that involves bifurcations that are often of only theoretical interest until 

one such dynamic is observed, are unlikely to meet the canons of parsimony in 

which unambiguous tests can be made against data.  These limits to validation begin 

to suggest that complex system models need to be classified on a continuum of ways 

in which they can be tested and used in practice which will depend on the type of 

model, the context, and the users involved (italics added).  To an extent, this implies 

that we need to link these system models to their wider context of use and 

application, showing how other conceptions, other systems models, might be related 

to them in less formal ways than in terms of the science we have presented here.  

This has always been a challenge for the application of complexity theory to human 

and social systems, and it will remain the cutting edge of this field whose rationale 

is the prediction and design of more efficient, equitable, and sustainable cities. 
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Figure 4.1 An ironic view on specialist activities  

Source: Drawings reproduced in Dupuy (1978, p.  272). 

In other words, this pragmatist approach to modelling activities resembles this statement: 

Many models have been developed as academic research projects or by large regional 

agencies but very few are available as COTS (commercial of the shelf) products.   

When considering the current position of private builders it is useful to re-examine the 

builder-user relationship.  Model builders often develop models that are very attractive for 

decision makers: ―The government is always more willing to support models which generate 

spectacular visualisation outputs to make it look like they are doing something exciting.‖ 

Private labs are therefore potentially more oriented toward political problems than academic 

ones.   

With this emergent demand from municipalities it would be interesting to see how model 

characteristics have changed since the ―state-oriented‖ period (demand used to come from 

national levels in the 1970s).  The issue of visualisation has always seemed central, thus, it 

would be helpful to compare the effectiveness of different kinds of visualisation.  Increasing 

uses concern the possibility of visualising the results of choices made today, which enables 

feedback between choices, decisions and their consequences.  When used as games 

(particularly in the 1970s and 1980s), models could familiarise public agents with systemic 

approaches and the necessity of a broad view.  Today, it seems that questions of visualising 

are dominant so as to share preoccupations and visions of policy consequences, linked to the 

more global aspect of ―making things public.‖
30 

 

What may be difficult to see is how and when politicians can be involved in the construction 

of models.  Better knowledge in this domain would rely on ethnographic inquiries that try to 

show different situations of builders-user interaction. 
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4.4 Modelling urban spaces: along current trends or through radical changes? 

It is likely that the development of specific climate-related catastrophes has emphasised the 

need for new models exploring intersections and ―domino effect‖ consequences, as well as 

fundamental changes.
31 

A new conception of cities appears necessary; otherwise, the 

relocation of cities away from rising water levels seems inevitable.  Some ―eco cities‖ are 

thus not far from the logic of new towns.  (This depends on the region concerned; new towns 

are being built in China, Arabian countries, but this is no longer the case in most European 

countries.)  

An interest in different research programmes means knowing how to articulate scenarios 

methods with modelling.  However, one criticism sometimes formulated towards classical 

models is that they are built along the following lines: ―We are very interested in this kind of 

question because it is also a difference we are making between what we do and a model such 

as TRANUS that does not implicate global changes at all.‖ 

If the main issue is to know how to enable changes, such as what people could do to reduce 

their footprint and how to convince people to do that, then it may appear that building 

scenarios is more important than developing more technical models that have to remain 

prospective tools.  This question is also linked to time-scaling: are dynamical models needed 

that compute the temporal evolution of each variable, frequently set to an annual basis, or 

should scenarios be set to 30 or 40 years? The goals may be different in the two cases, but 

experts nevertheless pose the question. 

When looking at a new prospective approach in France (launched at the end of 2009 and 

called ―Territories 2040‖), the primary methods used are linked to the intellectual elaboration 

of contrasted scenarios with a focus on controversies.  It can lead to illustrative scenarios such 

as the following, which seem to be equally possible and provide material for policy 

discussions and decisions: 

 The organised and neo-hygienist metropolis; 

 The free and liberal metropolis; 

 The slow and ―de-metropolised‖ metropolis. 

Each scenario can be described with contextual elements, and dominant and secondary logics.  

Which controversies are being left behind, and which ones remain acute? (see the works of 

the geographer Mr. Vanier in France).
32

 

By contrast with the 1970s, it is now clearly established that scenarios established along 

current trends or worst-case scenarios are of lesser interest.  Scenarios now have to show the 

kinds of adaptations that will be needed, given the fact that major changes will occur.   

4.5 The circulation of models: perspectives of collaboration not co-operation? 

Until the 1980s, the urban phenomenon was essentially analysed at a local, regional or 

national scale.  The following twenty years witnessed the development of a more global 

approach to the urban environment in geography and other sciences.  This new perspective 

coincided with the development of urban modelling and the circulation of models (UrbanSim, 
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What If?), and accompanies a ―new world era of cities‖, which are increasingly 

interconnected and interdependent.
33

 The circulation of models participates in national and 

international collaborations, mostly in an interdisciplinary way. 

The combined responses to all the questionnaires and interviews for this study are not 

sufficiently exhaustive to make a precise analysis of the circulation of contemporary urban 

models around the world from the perspective of climate change.  However, these responses 

do emphasise a certain number of issues, discussed below. 

The circulation of urban models: what types of co-operation?  

It would be advisable to make an inventory of the circulation
34

 (and the implied co-operation) 

of the main urban models, at national and international scales.  This would allow users to 

survey networks already in position, and to estimate the potential for co-operation 

(Appendix B).  Moreover, an in-depth study and a comparison of the genealogy of models 

(e.g.  UrbanSim, or What If?) from their conception to their ―circulation― could allow for 

better comprehension and translation of the processes of co-operation, which take place 

between the various actors (designers, users, diffusers), the various authorities (national, 

international, private) and distributions networks (conferences, workshop, platforms, 

websites). 

Compare practices and exchange information on production logistics and model 

implementation  

The comparison of models allows designers to confront their experiences, and to improve and 

disseminate their techniques.  This method remains to be developed: 

You take Newcastle, they work on London, we work on Paris and then finally, 

nobody ever compares these models.  Now to compare two models, is the base to 

progress.  That‘s why we get the idea to apply our model to London.  That was a 

way to confront our work with that of our colleagues of Newcastle and to see what 

we could learn by applying two different models to a single city.   

The international mobility of experts (workshops, conferences) contributes to the circulation 

of models and to international exchanges.  Exchanges between laboratories allow designers to 

share, implement or optimise a model, through comparison of techniques developed by other 

laboratories and models designers: 

In the framework of SIMAURIF, the designer of UrbanSim, Paul Wadell, came to 

spend a year in France.  During this stay, he reflected on the development of his tool 

so as to make it more relevant for European cities; what also interested him was to 

work hand-in-hand with economists to be indeed able to model what is transferable 

from economic theories to this kind of model. 

Specific versus generic models 

―Is it necessary to develop specific or generic models to conceive the cities of tomorrow?‖ 

This question fosters controversies and debates within the expert community.  Indeed, some 

modellers explicitly try to develop generic models that are not linked to a specific city.  One 

explains: ―it is against the spirit of science to build models for specific cities.  If modelling is 

to be generalised to a number of cities, then it is of very limited use (by definition)‖ and 
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another adds, ―Models are built for comparative purposes between, for example, metropolises 

or various development paths of smaller cities.‖ Other modellers think that it is interesting to 

develop a model that could be adapted to a specific city. 

In SustainCity we now have the experience, and can see the things that do not work, 

what we should not make.  It is even an integral part of the project to develop 

UrbanSim so that it is more relevant in the European context.  We are able to 

represent in a relevant way what takes place in a city.  If you look at Europe in a 

general way, it is true in France, in Switzerland, in Belgium, with the weight of 

history, that the geographical zones are complex polygons, shaped by history, sizes 

and very different forms, so it is difficult to extrapolate a model from a single city. 

However, many experts acknowledge the limits to comparability associated with tools used to 

survey data, methods of calculation, data accessibility, and the scale of model application.  

These reservations aside, it appears that comparisons multiply the possibilities of modelling 

and could even be the starting point and aim of the modelling process or research.   

Our integrated model was first applied to London.  We have been asked repeatedly 

about the transferability of the research to other cities … Thus from a technical 

point of view, the IUAF is applicable to any UK city. 

To apply a model to different cities (e.g.  UrbanSim, What if?) or different models to the same 

city could be a way to share knowledge and experiences, and to improve methods.  As 

highlighted by a modeller: ―Through comparison of approaches in leading institutions 

worldwide; we have developed good understanding of commonalities and differences in 

datasets and methodology.‖  

Adaptability of specific or generic models to cities allows for enhanced comparisons and for 

shared collective learning about the most challenging questions facing cities.  It appears that 

sharing and comparison of models in the modelling community generally needs to be 

improved worldwide (e.g.  to survey and compare model applications), and may constitute a 

key area for development.  In terms of comparison, it is more feasible to apply a generic 

model to different cities.  Instead of trying awkwardly to adapt specific models to more cities, 

these models could be further developed to describe more detailed urban patterns and 

behaviours in one specific region. 

Tools and supports for the circulation and dissemination of models 

Many tools and supports contribute to a model‘s circulation and enhance the dialogue 

between model makers and users: national or international authorities, research programmes 

and the private sector – as well as workshops, conferences, publications, websites and 

exchange platforms.
35

 

Direct stakeholders are the planners and modellers who use UrbanSim and manipulate its 

results, while indirect stakeholders are those who do not use the software, but who are 

affected by it, including elected and appointed officials, organised businesses and eventually 

every resident in the study area, potentially even residents of adjacent regions.  For example, 

L.  Waldeck established ―living laboratories‖ in each of four city-regions, which included 

between 6 and 12 people plus the CSIR technical team.   
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The ways of visualising models have to be improved, whether through guides (instructions 

and recommendations), onscreen charts and tables, maps and graphs, onscreen maps, reports 

or common platforms of dialogue and shape files that can be loaded into a GIS package or 

visualised on the web.  Some model developers describe transparent, graphics-based, 

computer-screen outputs for all users that can be superimposed offline onto Google Earth 

maps.  Animation of results via video and websites that permit information-sharing is 

increasingly used.  The main questions are then:  

 How can lessons best be shared (there is no one-size-fits-all solution)?  

 How can the coverage of modelled solutions be made explicit? 

5.  Conclusion 

―A model is not a piece of absolute and universal science but the expression of a point of 

view that will take place in a social context where it will more or less be relevant.‖ (Bouleau, 

1999, p.  340)
36

 

This study was not conducted by modellers or specialists of urban models; as such, it allows a 

panoramic view of current modelling activities, consisting mostly of discussions with experts 

(primarily researchers, research centre managers and funders).  While the level of response to 

the questionnaire was disappointing (partly due to the selection of experts), it has, on the 

whole, produced real qualitative, expressive material, related to main issues and paradoxes.  

The private sector seems to be increasingly embedded in the field of modelling activities 

related to environmental concerns, and research on this area should be expanded.   

At the beginning of the study, the spectrum was very broad and permitted a distinction 

between figures, visions, models as tools (planning support systems) and diagrams (sections 1 

and 2).  The focus on modelling activities included the use of specific tools (software, 

representations, applications); however, after these were related to material produced from 

questionnaires and interviews, it seemed necessary to describe contrasting model careers, four 

of which were investigated by the team, and two others by experts involved in this GSF 

activity (section 3).  Finally, emphasis was accorded to certain key questions (section 4); 

maybe the most important of which concerns the existing gaps between builders and potential 

users (supply side versus  planning community).  If there seems to be consensus that planners 

underutilise planning support systems, there are debates concerning the reasons and solutions.  

The underlying reasons are not solely technical, and organisational and institutional factors 

should not be neglected.  If there is a lack of awareness of what models can do and a lack of 

recognition of their value, recommendations can be formulated in co-operation with 

innovation sciences, management sciences and ethnography.  This means being more 

explicitly advised of the demand side, of planner practices, and then entering into co-

operative model elaboration (planning support system development). 

Returning to existing models, what can be said? Is the city an eco-system? Quantitative and 

technical approaches are still dominant in modelling activities, through the measures of 

energy and material flux.  As a consequence, it is possible to speak of a dehumanised 

representation of the urban environment, still dominant, within a technocentric conception 

(Theys, 2010).  What is generally proposed by models is the running of artificial systems: ―In 

such a perspective, technical measures which aim at reducing pollutants and waste emission, 
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or better organisation of the circulation of materials, or the use of new materials, would be 

enough to develop better cities, less painful for the Earth.‖ (Coutard and Lévy, 2010, Intro.)
37

 

Nevertheless, as noted, a revolution in graphics could mitigate this analysis and a technical 

democracy could also concern the production and use of models.   

Three conceptions of the environment can be seen in different models (cf.  Theys, 2010): 

(1) an objective and biocentric conception; (2) a subjective and anthropocentric conception; 

and (3) a technocentric conception, driven by problem-solving.  In the first case, the 

environment is a synonym for nature, which has to be protected.  The second case concerns 

the framework of relations between objects and subjects, between human beings and their 

―milieu‖.  Relations are linked to: uses, planning, removals, discharge or exposure, access, the 

neighbourhood and symbolic relations.  In this perspective models are driven by the definition 

of public goods and external effects.  Such a conception is difficult to operationalise.  In the 

third case, the environment is a co-production; it is also a package of limits, risks and 

problems.  In this conception, the notion of an ―impact study‖ that to evaluate ex-ante 

consequences is central.  Ex-post evaluations are also necessary, such as in the case of 

environment reporting.  The engineering sciences, clinical approaches and artificial 

intelligence are mobilised, and the environment and health are seen as very close domains.  

―The first conception puts the emphasis on natural sciences (ecology, earth sciences) and a 

systemic and modelling approach; the second relies on human sciences; the third one, more 

functionalist, gives the priority to system analysis, diagnosis sciences, measure and engineer 

sciences.‖ (Theys, 2010, p.  35)
38

  

What is certainly new in the current context is the awareness of vulnerability, which leads to 

new funding.  In South Africa, for example, the Corporate Strategy 2010-2013 of the 

Department of Science and Technology identifies its Integrated Planning and Development 

Modelling project as a major recent output, enabling an urban growth simulation project that 

covers its four largest metropolitan regions.  The National Research Foundation of South 

Africa has also established a chair for Integrated Development Planning and Modelling at the 

University of Witwatersrand to promote urban systems modelling as a career.
39

 In the UK, the 

Sustainable Urban Environment programme funded GBP 48 million worth of research into 

urban modelling.
40

 In Australia, the recently initiated Australian Urban Infrastructure 

Research Network (AURIN) is a major government investment to develop infrastructure for 

built environment research (AUD20 million over 2010-2013).  AURIN aims to facilitate 

collection of and access to common urban and built environments datasets, making these 

available to all urban researchers including model makers.
41
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Box 1. The Melbourne workshop 

The Melbourne workshop (31 January – 1 February 2011) was an occasion to 

discuss the material produced and other input.  It did not conclude with explicit 

recommendations, but as one member of the Steering Committee wisely noted: 

―when you sit around the table with sociologists and engineers, it takes time and I 

had not expected we would come out with recommendations.‖ 

Priority questions that model specialists ought to work on were identified as 

follows: 

 ―They should work on improved ways of modelling the co-existence of formal 

and informal economies and in the rest of the world on nested models operating 

at different scales for more comprehensive representation of socio-ecological 

systems.‖ 

 ―Macroeconomic models of cities‖ 

 ―Uncertainties around models and model inter-comparison‖ 

 ―On the dynamics of cities.  On the role of spatial inequalities (link with social 

sciences)‖ 

 ―I think model specialists should focus on simple, easy-to-use and understand 

models that the general public can use to consider alternative public policies 

and make informed choices about the future.‖ 

 ―Changing infrastructures over time.‖ 

 ―People‘s well-being 

 ―Integrating behaviour (e.g.  multi-agents) elements into their spatial models.  

How to take into account institutions and decision-making processes in a 

modelling exercise? How to combine various modelling techniques? How to 

make models more relevant and user friendly as a decision support tool?‖ 

 ―Complex modelling is the best way to meet the demands of development, 

which is unpredictable, random, haphazard, including risks and catastrophes.‖ 
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Box 1. The Melbourne workshop (continued) 

Three dimensions emerged from the challenges discussed in the final session: 

New paradigms (climate change, space, demographics, resources, ecosystem 

services).  The history of urban modelling shows that the main goal has been to 

promote economic development through planned urban expansion.  Is this still 

relevant? Two objectives are now dominant: (1) generate and realise low carbon 

transitions; and (2) recreate more resilient cities.  Concerning the priority metrics to 

be developed, the partition lies between specific models (primarily emissions and 

energy consumption/environmental metrics/vulnerability to climate impacts and 

greenhouse gas emissions) and combined or integrated models (social, economic 

and environmental to some extend). 

Model user interfaces (complexity/simplicity, demand-driven, process-

oriented, best practice examples).  GIS and virtual 3D cities allow new capacities for 

the involvement of non-specialists (cf.  the MACOSPOL project linked to actor-

network theories within the framework of a sociology of sciences).
42

 

Technical functionalities (for integration, coupling, transboundary allocations, 

etc.) are now stimulating specialist co-operation and builder-user interfaces.  Some 

of the technical requirements include: including functionalities rather than gaps, 

non-deterministic features, non-linear relations, extreme values, scenarios and 

assumptions, and to support decision making in the design. 

 

A variety of different notions were seen as stimulating.  The notion of ―tool-

scope relevance‖ was preferred to the option of simplicity/complexity.  Serious 

gaming was evoked, and so was learning-outcomes assessment.  Certain concepts 

were emphasised (participatory, analysis + deliberation, transparency, 

accountability).  The aim to ―de-modelise‖ models implied a lack of interest in 

overly sophisticated models.  Emphasis was placed on the question of visualisation 

because of the issue of decision making, and on the importance of creating a shared 

realm of practice in urban modelling. 

 

With regard to climate models, the NSF along with the US departments of Energy and 

Agriculture decided to finance in 2010 the development of new computer models aimed at 

revealing the anticipated effects of climate change at the regional level.
43

 The rise in sea level 

can have major consequences for the eastern coast of the United States; this is also the case in 
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other parts of the world.  Maybe some of these efforts can also benefit urban models, which 

are, generally speaking, still based on classical hypotheses.  Climate models are rather 

constructed within the perspective of radical changes,
44

 and may lead to modifications in 

existing models in the urban domain, which are mainly driven by adaptive scenarios and 

traditionally were developed within the framework of interactions between land use and 

transport.  More precisely, there are some specific future challenges arising, such as how to 

develop a modelling community that is more reflexive and aware of social and cultural 

changes.  Being tools, urban models cannot be considered as evidence and some urban 

modellers tend to forget this epistemological aspect.  Other challenges include: How to 

develop contrasted scenarios of ways to answer climate change? How to develop indicators 

and metrics reflecting more clearly environment and social well-being? 

Another new aspect concerns the development of specific markets.  As evoked in the earlier 

focus on Phosphore from Eiffage, several global firms work on the development of flux and 

infrastructures, on city management and assessment of their performances (in energy 

efficiency etc.), or on the development of interfaces for the better involvement of citizens in 

the city.  All these domains potentially or explicitly form the basis for the development of 

new products linked to modelling activities.  The development of a new market called 

―business analytics‖, which concerns all types of services, can also be mentioned here:  

IBM leaders have recently asserted in Rome that thanks to the most recent software engineers 

have developed and sold to organisations and firms, the planet would be healthier [sic].  

Entering ‗the knowledge decade‘, says Rob Ashe, director of business analytics at IBM, he 

pointed out the huge waste caused by a lack of pertinent data, in the domains of energy, 

transport, water supply‖ (Collet, 2010)  

Predictability is clearly a new domain of investment, adding to management tools.  How can 

public institutions regulate this aspect?  

The significant development of climate models appears to have renewed urban models, 

bringing a very different perspective from that of 1960s and 1970s models.  If urban models 

are ―a historic artefact coming from the 1960s‖ (one of the experts interviewed), how can 

their development and use progress? New questions have arisen, more acute in some regions 

than in others (sea level rise, shrinking cities, energy problems), and these questions address 

the need for new kinds of co-operation both among scientific communities and between users 

and model builders.  The current need for technical democracy is simultaneously a need to 

transcend positivist and naïve conceptions regarding the role of the sciences in public debate.   
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6.  Summary 

This report was produced by a French social science research team (LAUA, Nantes school of 

architecture) and directed by Laurent Devisme, Ph.D.  It aims to provide a global perspective 

on modelling activities within the scope of urban and environmental issues.  One of the main 

hypotheses is that climate change and sustainability paradigms have led to new models that 

may have important consequences for existing urban model trends, and ultimately for 

planning communities.  This report for PUCA (French Ministry of Ecology) and the GSF 

(OECD) is based on qualitative materials drawn from interviews, questionnaires (a list of 

more than a hundred potential experts has been assembled comprising mainly researchers, but 

also laboratories managers and funders – rarely users) and bibliographical investigations.   

It first specifies the range of questions covered by urban models at the beginning of the 

twenty-first century, establishing the context of development of urban modelling.  It then 

focuses on specific urban models with a monographic approach, providing brief descriptions 

comprising characteristics, objectives and background, and the kinds of results and 

simulations they can generate.  The study then identifies a few key questions.  These were 

elaborated at a workshop in Melbourne, the objective of which was to identify and agree upon 

the existing scope and limits of current models of urban/built environment systems under 

contemporary conditions.  These questions concern data accessibility, conditions of 

interdisciplinary approaches, relations between builders and users, type of prospective 

methods, co-operation through the circulation of models.  These questions are illustrated by 

direct material provide by the experts themselves. 

Different stakes and problems are thus evoked.  Data production and accessibility is one of 

the questions frequently mentioned by experts including cost, length and ethical problems.  

The realisation of interdisciplinary models is another important aspect, promoted by the 

significant increase in technical possibilities, resulting in new links between engineering 

sciences, computer specialists, and geography and economics.  The study asks whether 

climate change models and urban models are compatible and, if so, for what kinds of uses? 

Interfaces between builders and users (professionals in the public domain, elected officials as 

clients) are then explored in a critical way, with a focus on the ways in which they are related, 

and the kinds of tools that can be mobilised or developed.  The study questions certain aspects 

of urban modelling, such as the necessity for complex or simple models or scaling questions.  

It also provides an occasion to ask whether models have to integrate uncertainty and with 

what kind of consequences on modelling activities and on traditional scenarios embedded in 

such an activity.  The question of the circulation of models is also examined as an aspect of 

interest, since models, produced by both public and private actors, can be exported and 

applied to various situations.  This situation leads to questions of adaptability, domination and 

co-operation. 

Important inputs are presented in the appendices, and cited in the preamble and the main text 

so as to facilitate easy reading of the report. 
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Appendix A.  Feedback from the questionnaire and the interviews  

As of early January 2011, thirteen questionnaires were completed and the same number of 

interviews conducted.  This is clearly qualitative material, but certainly not representative of a 

whole community.  Moreover, it is unclear that there a broad community exists in this 

domain; there are specific scientist communities, mainly working on family models.  Inside 

the list, experts appear to be mainly producers, researchers and are mostly embedded in 

engineering sciences.  This can explain the main directions of the answers to the questions.  

However, the ―experts‖ are rather potential funders and structure managers.  The list could be 

completed with contacts in the private sector, which has developed forecast and visualisation 

tools in recent years. 

It progressively appeared that it was useful to shift from a panoramic point of view 

(synchronic analysis in this appendix) to diachronic approaches with focuses on certain 

models considered as circulating objects, implicating producers, users, funders, application 

domains, failures and successes (cf.  examples in the third section of the report).   

Feedback from 13 responses to the questionnaire 

The following respondents provided answers: 

 Hattori Atsushi, Japan, Center for Low Carbon Society Strategy Japan Science and 

Technology Agency (JST) 

 Richard Dawson, United Kingdom, Newcastle University, SUME 

 John Frazer, Australia, QUT 

 Stephane Hallegatte, France, CIRED 

 James Keirstead, United Kingdom, Urban energy system modelling 

 Christopher Kennedy, Canada, University of Toronto  

 Richard Klostermann, United States, University of Akron 

 Terttu Pakarinen, Finland, Tampere University of Technology 

 Annette Piorr, Leibniz-Centre for Agricultural Landscape Research (ZALF), Institute 

for Land Use Systems, Muencheberg, Germany 

 Eduardo de Santiago Rodriguez, Spain, Ministry of Housing  

 Remy Sietchiping, Kenya, UN-Habitat 

 Louis Waldeck, South Africa, CSIR  

 Ray Wyatt, Australia, Department of Resource Management and Geography, 

University Melbourne. 

General questions concerning the scope of the models 

Seven experts work in the field of city and regional planning, three in architecture or urban 

design, two in environmental domains (environment and climate, risk management and 

primarily engineering) and one in agronomics. 

The main motivations for using models are the following: exploring and discussing policy 

scenario development and alternative futures, informing policy decisions, convincing 
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professionals (which means a planning and decision support system), checking that the ex-

ante reasoning makes sense, testing theory and method, and exploring design alternatives and 

design decisions.  Two answers point to the importance of easy-to-use tools for elected 

officials or the public.  Three answers emphasise the importance of alternative 

scenarios/outcomes within the scope of modelling activities.  Half of the answers include the 

goal of understanding complex situations. 

The ―big picture‖ questions are linked to the potential impact of climate change, the energy 

crisis and scarce resources (particularly water).  However, most modellers work more 

classically on urban growth simulation within the perspective of municipal services, 

infrastructure and social facilities.  Some of these models include rent and real estate price 

data.  Two answers indicate the difficulty of developing regional models when energy system 

decisions are made at the national level.  One expert questions why practising city planners 

take so little notice of the conclusions of models.  Another speaks of his interest in how urban 

models can predict informal settlement (slums) formation in a swiftly urbanising developing 

world, taking into account all contributing factors (drivers).  The primary needs include: How 

to share lessons? What could provide a platform to share all data and information? How to 

make explicit the coverage of modelled solutions? 

Concerning the limits of existing models, four answers develop the problem of data sources: 

either with reference to scale (national versus local) or the content itself (available data on 

urban energy consumption, but also a lack of ―subtle and soft‖ human factors and more 

generally a lack of detailed data).  Two answers point out the problem of capturing the 

dynamics of city evolution, with models being too ―conventional‖ (ill-adapted to a fast-

changing world). 

While some tend to deplore that city planners are more interested in politics than in science 

(according to them, urban planning should be more empirical-science footed as a discipline), 

others say that modellers should recognise that any simulation involving humans will be 

flawed.  If the limits of the models are recognised, then their use can be developed, not in a 

predictive way, but to explore the implications of choices and scenarios. 

There are also limits concerning integration and interoperability in bringing together different 

disciplines (most models today are based on extremely partial information regarding specific 

disciplines and complex interrelationships).   

Concerning a more global position, the modellers speak either of the goal of a ―better city 

life‖ or refer to stated policy goals and assisting city management, that is to say, they help 

policy makers to understand the implications of decisions (e.g.  What does such a planning 

policy mean for vulnerability to flooding or heat waves?).  One modeller explains that a 

model (or model developer) should not impose a set of ideals on users, which indeed is an 

important issue.   

Questions concerning the model (or the range of models) itself  

The following responses were provided by modellers only, and explain the general aim and 

scope of their models.   
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General description 

 UrbanSim (cf.  Section 3) recognises the property market as a central concept of the 

urban system and accounts for the current stock of real estate (and its spatial 

distribution), as well as the supply and demand of new stock.  MATSim is a truly 

agent-based transport simulation system, capable of simulating complete transport 

system behaviour resulting from a commuter population pursuing their daily activity 

schedules.   

 A model has been developed to help cities or municipalities build and test strategies 

for reducing their greenhouse gas (GHG) emissions (towards zero). 

 NEDUM (Non-Equilibrium Dynamic Urban Model) (cf.  Section 3).  Investigation 

domain: socio-economic consequences of transport and city planning (the primary aim 

is to test climate-change-related public policies, but various policies can be tested).  

Phenomena taken into account: dynamical variation in rents and real estate price as a 

function of transport and city planning, construction dynamics as a function of rents 

and real estate price changes, urban sprawl and natural risks. 

 For a description of the What if? model, see: www.whatifinc.biz 

 Integrated framework consisting of optimisation and simulation models for urban 

energy supply and demand modelling.  Model developed at Imperial College London. 

 A model for predicting different sorts of people‘s preferences. 

 The Urban Integrated Assessment Facility (UIAF) provides the flexibility to test a 

very wide range of mitigation and adaption policies, including land-use planning, 

modifications to the transport systems, changing energy technologies and measures to 

reduce climate risks. 

 Slum growth and prediction, taking into account physical/terrain, existing patterns and 

cultural elements. 

 Reference Framework for Sustainable Cities (RFSC) (www.rfsustainablecities.eu) 

 We have been involved in a whole range of modelling activities from the Groningen 

Experiment: generative and evolutionary models through microclimates, building 

information models, energy-use models, optimisation models and new theoretical 

urban model structures. 

 The modelling principle we work on is concerned with multi-scale phenomenon of 

urban development.  The applied models we use are mainly advanced models of land 

use: transportation based on cellular automata and multi agent systems. 

When questioning the peer-reviewed literature or grey literature linked to these models, seven 

answers point out precise citations (Appendix C).   

Most of the data concern economics and transport engineering.  But they also include remote 

sensing, maps, statistics, GIS and modelling outcomes.  Specific data are also mentioned:  

 Geographic distribution of rents, population density, flat sizes and floor area ratio in 

the city, and evolution of average rents, population density, flat size and floor area 

ratio over time;  

 Key indicators are per capita energy consumption (primary and delivered) as well as 

GHG emissions; 
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 Data is sourced from UK Climate Projections (UKCP09), Greater London Authority, 

London Energy and Greenhouse Gas Emissions Inventory (LEGGI), The Office for 

National Statistics, UK Borders, UK Census service, The Office for National 

Statistics: Official Labour Market Statistics (Annual Business Inquiry), OS Strategic 

Data, Jacobs Consulting, National Travel Survey, UK Greenhouse Gas Inventory 

National System, Centre for Advanced Spatial Analysis and Santa Fe institute. 

One model ―learns and remembers the planning styles of its past users.  It becomes smarter, 

therefore, the more it is used‖.  Another one mentions aerial/satellite imagery from the 

municipality. 

One of the models has been designed to use whatever data are available for a particular 

community, but can also be used with a particularly useful set of demographic and 

employment data available for the United States from ESRI.   

Five models have been built in reference to a particular city (London, Phoenix, Portland, 

Yaoundé) and their authors often speak of transferability questions (for example, from a 

technical point of view the UIAF model is applicable to any UK city).  In these cases, the 

model development has been a process of collective learning about the most challenging 

questions facing cities and the ways in which quantified analysis can be used to address those 

questions.   

Transferring our model to data-poor situations in the developing world would not be 

straightforward, but we have begun to think through this process working with 

colleagues in the municipality of Durban in South Africa, which is one of the most 

progressive cities with respect to urban sustainability in Africa.  The UK-China 

Foresight flooding programme in which we have helped to develop a broad scale 

model of climate change, flood risk and vulnerability, is applying system-scale 

qualified analysis in the Taihu Basin where Shanghai is located.  While the datasets 

upon which our London model relies are not available in the same format outside 

the UK, much of what we have learnt is transferrable.  Through inter-comparison of 

our approaches with those of leading institutions worldwide we have developed 

good understanding of commonalities and differences in datasets and methodology.   

Five modellers explicitly try to develop generic urban (energy) models not linked to a specific 

city or type of city.  One of them explains that it is against the spirit of science to build 

models for specific cities. 

The answers received with regard to the different dimensions and indicators of the models are 

as follows: 

 The model uses physical dimensions of urban growth and its distribution in space.  

The dimensions are attributes of people, households, jobs, land, buildings and roads. 

 The model is specifically designed to help strategic planning of GHG reductions; it 

has multiple inputs, but is uni-dimensional in its output. 

 The model dimensions are: time, space, rents, population density, flat sizes and floor 

area ratio. 

 The model only includes (at most) land uses, population, housing and employment.   
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 Space, time, climate, energy supply and demand are the main dimensions of the 

model.  The decision variables include technology choices and operating patterns. 

 The model uses nine generic, plan-evaluation dimensions: speed, ease, effectiveness, 

acceptability and so forth. 

 The dimensions are: economic, population, land use and transport modelling, climate 

change, climate impacts assessment models (flood, drought, heat wave); greenhouse 

gas emissions accounting (energy, personal transport, freight transport) and testing of 

climate adaptation and mitigation options. 

 The model dimensions are: space, economic and social (cultural, not institutional). 

 At the moment the prototype includes four dimensions: economy, social (including 

cultural), environmental and governance.  The selection and definition of indicators is 

an ongoing process.   

 There are two spatial dimensions and arbitrate numbers of other social dimensions, for 

example, in cases of accessibility issues. 

Concerning the relevant scale, city or urban area-wide (city + suburbs) is generally 

mentioned.  The local scale can be used (city level, neighbourhood [30 X 30 m image 

resolution].  To understand processes of change on extended timescales, it is usually 

necessary to analyse them on broad spatial scales.  Analyses are at the scale of whole cities, as 

patterns of spatial interaction are most vivid at this scale.  Cities are administrative units for 

planning and decision making; however, framing the city in this way brings inevitable 

boundary problems.   

Most of the answers therefore recognise two kinds of boundaries.  The study area is usually 

set to the official boundary of the metro or province.  Within this boundary a virtual ―growth 

boundary‖ or ―urban edge‖ can be defined to contain sprawl and achieve greater efficiency of 

infrastructure provision (built-up areas are to be integrated in a large extent).  Obviously, 

flows from outside the city are accounted explicitly as imports or exports in different models. 

Framing the city as an administrative unit brings specific problems.  Boundaries are therefore 

multiple and not always coinciding, though they all have a certain rational in the context of 

the city scale analysis.  Administrative boundaries are obviously irrelevant for physical 

sustainability but are important for policy makers. 

Concerning the indicators, some models can report on GHG emissions using an 

internationally standard measure.  Other indicators mentioned are: average daily commuting 

distance in public transport, average daily commuting distance in private vehicle, urbanised 

surface, average rent level, population living in a flood-prone area, annual primary and 

delivered energy consumption per capita, GHG emissions per capita, total system cost, social 

amenities (churches), transport system/infrastructure, built-up area categories (e.g.  planned 

versus unplanned areas), rivers, excluded areas, and accessibility indicators of various scales 

and activities. 

Most of the models examine future development strategies and are not specifically tracked 

through time.  Being dynamical models, they compute the temporal evolution of each of their 

variables, usually being set on an annual basis.  In one case, scenarios are used to represent 
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processes of change that operate at a broader scale than the city (i.e. economic, demographic 

and climate scenarios).  At the city scale, adaptation and mitigation options are to some extent 

under the control of local decision makers, so they are called policy options.  The separation 

of exogenous scenarios and city-scale policy options is to some extent artificial, as urban 

policy develops in a national and international context, not in isolation.  Furthermore, 

processes of long-term change at a national and global level are influenced by changes taking 

place in cities.  However, broadly speaking, it is the effectiveness of city-scale policies in the 

context of a range of possible futures at a national and global level, which is being tested. 

All models have been developed through different versions or generations.  Some are open 

source products (UrbanSim and MATSim), which have been released over a period of ten 

years. 

Questions regarding the production and use of the model  

Most of the cases require links to be made between transport, urban and environmental 

economics.  Specific relations also have to be established between modelling approaches (e.g.  

optimisation and simulation modelling), which also necessitates the association of software 

tools.  Another answer describes the model as the product of linking applied artificial 

intelligence, planning and GIS. 

The ordinary scientific contacts between universities are essential in model development, as 

well as access to high-quality data sources.  But strong relationships are also a requirement 

between laboratories and local governments. 

One model was developed in co-operation with the Toronto and Region Conservation 

Authority, one for research projects funded by French National Research agency (VURCA 

and MUSCADE projects), one as part of BP Urban Energy Systems project at Imperial 

College London and another one was sponsored by the Department of Science and 

Technology in South Africa.  In another context, the aim was to respond to Japan government 

priorities according to the necessity of energy supply changes. 

Concerning implementation, answers are clearly contrasted and it is not easy to check their 

degree of operationality.  One model has been tested using a low-carbon scenario for the City 

of Toronto; another has been applied to the Paris urban area (and adapted for Toulouse, and 

will probably be adapted to London); and another has been purchased by over 140 people 

worldwide.  Other models are case studies with private sector collaborators. 

The Greater London Authority, Transport for London, the Environment Agency and Thames 

Water, alongside two academic mentors from outside the research team, have been involved 

in a specific programme.  Interaction with the Environment Agency intensified in the build-up 

to publication for consultation of the Thames Estuary 2100 strategy.  R.  Dawson has been 

working with the Greater London Authority to test scenarios for the new London Plan.  The 

modelling process has helped to develop new understanding of interactions between urban 

functions and policy objectives: ―The model now provides considerable flexibility in its 

capacity to frame and test policy options....we continue to test a range of land-use planning 

policies that may be considered as part of the London Plan.‖ (Dawson, answer to 

questionnaire). 
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The RFSC is a framework involving many European countries, and has also been elaborated 

by Cap Gemini and CERTU as technical experts.  The main tasks for the second phase will be 

to consolidate, test, evaluate, improve and finalise the prototype of the RFSC web tool, as it 

was presented at the Informal Ministerial Meeting on Urban Development in Toledo in June 

2010, in close co-operation between Member States, cities and the European Commission, 

and to raise awareness and ownership of the RFSC among cities.  This will allow 

improvement of the RFSC and assess how cities use it (e.g.  strategic reflection by politicians 

and technical services; inter-service co-ordination; monitoring goals; relationships between 

elected officials and services; and partnership between various levels of government, 

including elected officials, stakeholders and citizens). 

Different cities are generally mentioned with regard to the testing or application of models, 

but the reasons are not often developed in questionnaires.  The responses included the 

following:  

 It is in progress in Cape Town, eThekwini, Nelson Mandela bay and the province of 

Gauteng (conurbation of the cities of Johannesburg, Ekurhuleni and Tshwane) 

 It will be applied to other municipalities in Ontario in the coming months. 

 Not applicable as the model is not developed for a specific city. 

 Melbourne, Geelong, England, Italy, Brazil, Hawaii, US and other places. 

 The main hindrance to applying it elsewhere is financial resources – if we can‘t get 

funding to do it, we can‘t do it. 

 In thesis the model was tested in various urban contexts.  Preliminary test cases were 

Helsinki, London, Zurich, Milan and Sao Paolo for research interests. 

Responses to questions regarding the nature of broader public interest in models highlight the 

presence of different kinds of stakeholders: 

 UrbanSim was developed to promote an open, participatory approach to alternate 

policy evaluation by emphasising the behaviour of agents, their choices, and their 

dynamic interaction over time.  Direct stakeholders are the planners and modellers 

who use UrbanSim and manipulate its results, while indirect stakeholders are those 

who do not use the software but are affected by it, including elected and appointed 

officials, organised business and eventually every resident in the study area, 

potentially even residents of adjacent regions.  ―Living laboratories‖ have been 

established in four city-regions.   

 Representatives from local municipalities were on the Steering Committee for the 

guidebook, and informally for the model development. 

 Researchers (international conferences and private discussions), policy makers and 

experts from the private sector. 

 Papers, professional conferences, exhibition booths at several professional 

conferences, particularly the ESRI User Conferences and the American Planning 

Association national conferences.   

 Academic conferences (e.g.  Global Carbon Project workshops, Gordon Research 

Conference, Urban Research Symposium).  Also interested private sector partners on a 

one-to-one basis. 
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 At workshops, in seminars, at conferences and in the literature. 

 An extremely wide range of stakeholders including: planners, climate change and 

sustainability communities, scientists, local and national government departments, 

utility companies, engineering companies, research funders etc. 

 Several international conferences; urban and city planners in Yaoundé 

 LC-FACIL Group of cities and a new Group of 50-70 Testing Cities within the 

framework of ESRC.   

 Scientific contacts take place through ordinary conferences and publications, and 

practitioners through applied research contacts.  Reports are distributed about the 

applied cases. 

The ways of visualising the models are as follows: guide (instructions and recommendations), 

onscreen charts and tables; maps and graphs (more often); and onscreen maps, reports, 

common platform of dialogue and shape files that can be loaded into a GIS package or 

visualised on the web.  One model is described as ―completely transparent, graphics-based, 

computer-screen output for all users and, if desired, its outputs can also be superimposed 

offline onto ‘Google Earth‘ maps‖.  Animations of the results via video and websites to share 

information are also increasingly used. 

Modellers sometimes face difficulties in answering the question of funding and investment 

priorities in their countries, being unaware of support or investment in urban models.  Large-

scale transportation models, monitoring of GHG emissions, and complex land-use modelling 

continue to receive most of the support from regional, state and national governments.   

It is of note that the government is always more willing to support models that generate 

spectacular visualisation outputs as these convey the impression of exciting activity. 

Forecast questions  

When considering the development of numeric tools, two types of answers can be mentioned: 

optimistic (most of the answers) and pessimistic.  In the first, the digital city could enhance 

public debate about contentious issues by making the results of various simulated scenarios 

available on the web and get the public to participate and own the resulting solutions if they 

participate in simulating the future of their own city – almost like the ―Sim City‖ computer 

game.  In the second, the future of ―planning through models‖ does not appear to generate a 

major change.   

Priority questions and areas that should model specialists should work on are as follows: 

 Improved ways of modelling the co-existence of formal and informal economies and 

in the rest of the world on nested models operating at different scales for more 

comprehensive representation of socio-ecological systems; 

 Macroeconomic models of cities; 

 Uncertainties around models and model inter-comparison; 

 The dynamics of cities and the role of spatial inequalities (link with social sciences); 

 Simple, easy-to-use and understandable models that the general public can use to 

consider alternative public policies and make informed choices about the future; 
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 Changing infrastructures over time; 

 People‘s well-being; 

 Integrating behaviour (e.g.  multi-agents) elements into their spatial models.  How to 

take into account institutions and decision-making processes in a modelling exercise, 

how to combine various modelling techniques, and how to make models more relevant 

and user friendly as a decision-support tool. 

 Complex modelling is the best way to meet the demands of development, which is 

unpredictable, random and haphazard, including risks and catastrophes. 

With regard to prioritising the development of certain metrics, the partition lies between 

specific models (primarily emissions and energy consumption/environmental 

metrics/vulnerability to climate impacts and GHG emissions) and combined or integrated 

models (social, economic and environmental to some extend). 

Brief feedback from interviews 

Face-to-face or phone interviews were conducted with guidelines inspired by the 

questionnaire.  Most of the interesting inputs were integrated into section 4 (―Main questions 

arising‖).  Rather than providing an exhaustive description and given the importance of 

maintaining anonymous viewpoints, this section simply highlights the occupations of the 

experts interviewed in relation to the study, and then emphasises some aspects not related in 

the main report.   

List of interviewees 

Cheryl Chung, Singapore, Ministry of Trade and Industry (MTI).  She has been funding a 

research project called ―LIVE Singapore‖ for five years, directed by Kristian Kloeckl.
45

  

John Frazer, Australia, Queensland University of Technology (QUT).  A professor of 

architecture and a specialist in intelligent CAD systems, Frazer can identify a real gap 

between urban planners and urban designers concerning modelling aspects.  He makes a 

useful distinction between active tools (―model for‖ — action, design tool) and passive ones 

(―model of‖).  The key issue according to him is the need to revive theoretical debates about 

models.   

June Graham, Belgium, Scottish and Northern Ireland Forum For Environmental Research 

(SNIFFER).  The interview provided an occasion to review the context and aims of Urban 

net, in particular two aspects: 

 An integrated approach and a holistic concept of urban management,  

 Monitoring aspects (measuring and needs) with emphasis on specific problems such as 

lack of data, their accessibility, comparability, and the scale at which they are relevant. 

Urban net intends to create new kinds of collaborations (for example, bringing people (policy 

makers, users, producers) together during workshops).   

Stéphane Hallegatte and Vincent Viguie, France, CIRED.  Both economists and climate 

engineers, they are involved in the Nedum model.  The discussion concerned mainly data 

accessibility, the calibration and validation of the model itself, extrapolation questions, and 
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the necessity for co-operation with other disciplines.  Hallegate describes precisely the 

construction processes of Nedum: a first stage which is clearly exploratory (from one to two 

dimensions), a second stage which is more operational (linked to the Parisian region), and the 

progressive interest of funding institutions (ADEME, City of Paris, ANR [Vurca and 

Muscade projects], Météo France) from a socio-economic point of view, and the perspective 

of long-term processes.  Their work examines in particular the development of new taxes 

(e.g.  carbon tax).   

Helka-Liisa Hentila, Finland, Oulu University, expert at SITRA (Finnish Innovation Fund 

which under the supervision of the Finnish Parliament promotes the welfare of Finnish 

society).   

Energy and climate issues have appeared on the construction agenda, challenging 

current design methods and tools.  The focus has shifted towards the design 

knowledge base and a range of technical solutions needing further development, 

such as thermal insulation and ventilation.  Updates are also required for established 

design methods and practices.  Multidisciplinary design projects aiming to provide 

creative solutions across occupational boundaries should already be included during 

designer education.  Companies in the design branch also need to work in closer 

network co-operation.  Current design fails to make full use of the opportunities 

provided by the open innovation process, even though this would benefit areas such 

as participatory planning, which is one of the goals of urban design. 

With climate and energy issues the designer requires rather more than information 

and partner networks, namely familiarity with what is socially and culturally 

acceptable.  From the user perspective, energy and climate-conscious construction is 

only compelling if there is demand for it – new solutions must sell and be 

competitively priced.  No one would choose to live or work in an environment, 

which is impractical, unattractive or equipped with superfluous special solutions.  

Beauty, sustainability and practicality are the trump cards for climate-conscious, 

energy-efficient construction.
46 

 

Anssi Joutsiniemi, Finland, Oulu University, worked on the DECOMB project (European 

programme), holds a PhD in architecture, and has published Becoming Metapolis, a 

configurational approach.   

Scott Matthews, Civil and Environmental Engineering, Carnegie Mellon University 

Pittsburgh, United States.  Matthews is an economist and an environmental engineer.  His 

work focuses in particular on ways of reducing carbon impacts in various domains.  

According to him, assessment economic modelling combines three domains: economics, 

engineering and computer science (human/computer interactions to help people to take 

decisions and communicate data to users).   

Charles Ozaki, Deputy City and Country Manager, and Kevin Standbridge, Assistant City 

and Country Manager, Broomfield, Colorado, United States.  Ozaki‘s responsibilities cover 

the Health and human service department and the Community development department in 

Broomfield, while Standbridge heads the Community development department, which 

includes Planning, Engineering, the Capital improvements programme, Building, Code 
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compliance, transportation, Housing and GIS.  During the interview, these two public actors 

discussed consultants and environmental engineering firms with worldwide practice, for 

example, MWH (www.mwhglobal.com).  Two specific aspects can be mentioned:  

 There is a lot of stress on local government due to the effects of the recession. 

 There is a problem regarding the variety of awareness of the need for a real change in 

social and economic behaviour as far as sustainability is concerned. 

Nathalie Picard, France, THEMA laboratory, Cergy-Pontoise University, France.  Picard is 

an economist.  More development on her activities is included in the focus on UrbanSim.   

Christof Schremmer, researcher, Austria, OIR (Austrian Institute of Regional Studies and 

Spatial Planning, based in Vienna).  The OIR is a European Regional Planning Development 

Institute.  Schremmer is co-co-ordinator for SUME‘s scenarios components, in particular 

project ―Sustainable Urban Metabolism for Europe‖, which involves eight European cities: 

Athens, Munich, Newcastle upon Tyne, Porto, Stockholm, Warsaw and Vienna 

(www.sume.at).  He emphasises the point that a joined approach between models and 

scenarios is missing, and that the real challenge lies in developing methods at this interface. 

Daniel Siret, architect and researcher at CERMA lab, France.  Siret undertook a survey ten 

years ago concerning urban models.  Called Inventur, the programme was developed between 

the CERMA laboratory and D.  Pumain (Cybergeo) within the framework of the PIR Villes 

activities.  Inventur is a database containing details of urban models. 

Julia Steinberger, Austria, IFF/Social Ecology, is involved in the SUME (Sustainable Urban 

Metabolism for Europe) programme.  SUME tries to develop collaborative tools with 

comparative methodologies.
47

 She is a researcher in the field of industrial ecology, and 

highlights the importance of clearness and transparency of calculating methods in a context of 

a growing demand from local levels (cf.  elaboration of climate plans).  Steinberger also 

insists on the fact that both the operational aspect and use of models depend on the political 

will to develop scenarios and future orientations. 
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Appendix B.  Co-operation and commissioning authorities, programmes, supports, platforms 

and conferences 

Following the meeting of the Steering Committee in Paris on 6 December 2010, it was 

deemed useful to have an overview of different authorities and programmes involved in urban 

modelling activities.  This appendix distinguishes between international and federal 

authorities, national ones, programmes, journals, networks and conferences.
48

 While not 

exhaustive, the list covers a real range of activities, presented alphabetically. 

International and federal authorities 

European Research Council (ERC) (erc.europa.eu) 

International Association for Urban Climate (IAUC).  An International Conference on 

Urban Climate (ICUC-7) was held in Yokohama, Japan, from 29 June to 3 July 2009.  ICUC-

7 was the continuation of a series of similar conferences that started in Kyoto, Japan, in 1989, 

followed by Dhaka, Bangladesh, in 1993, Essen, Germany, in 1996, Sydney, Australia, in 

1999, Lodz, Poland, in 2003, and Göteborg, Sweden in 2006.  ―The success of this series 

helped to create a cohesive international community of urban climatologists‖ (www.urban-

climate.org/wp3). 

IAUC develops Urban Climate News.  This newsletter is published quarterly and compiles 

conference announcements, ongoing research and news items.  Currently edited by David 

Pearlmutter, it is a substantive journal that has proven critical to the development of a sense of 

shared interest among the IAUC community. 

International Institute for Sustainable Development (IISD).  As a registered charitable 

organisation in Canada, IISD receives core operating support from the Government of 

Canada, as provided through the Canadian International Development Agency, the 

International Development Research Centre, Environment Canada and the Province of 

Manitoba.  The institute also receives project funding from numerous governments inside and 

outside Canada, United Nations agencies, foundations and the private sector (www.iisd.org). 

OECD Global Science Forum (GSF).  The GSF brings together science policy officials 

from OECD countries.  The delegates, who meet twice a year, seek to identify and maximise 

opportunities for international co-operation in basic scientific research.  

(www.oecd.org/topic/0,3699,en_2649_34319_1_1_1_1_37437,00.html) 

OECD Territorial Development Policy Committee 

(www.oecd.org/document/27/0,3746,en_2649_33735_33711480_1_1_1_1,00.html) 

UN General Assembly (www.un.org/en/ga). 

UN-Habitat.  The United Nations Human Settlements Programme, UN-Habitat, is the United 

Nations agency for human settlements.  It is mandated by the UN General Assembly to 

promote socially and environmentally sustainable towns and cities with the goal of providing 

adequate shelter for all.  The main documents outlining the mandate of the organisation are 

the Vancouver Declaration on Human Settlements, Habitat Agenda, the Istanbul Declaration 
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on Human Settlements, and the Declaration on Cities and Other Human Settlements in the 

New Millennium (www.unhabitat.org). 

UN-Habitat also has several related programmes: the Global Urban Observatory 

(www.unhabitat.org/programmes/guo) and the World Urban Forum 

(www.unhabitat.org/categories.asp?catid=584).   

World Bank.  ―The World Bank is a vital source of financial and technical assistance to 

developing countries around the world.  Our mission is to fight poverty with passion and 

professionalism for lasting results and to help people help themselves and their environment 

by providing resources, sharing knowledge, building capacity and forging partnerships in the 

public and private sectors.‖ (www.worldbank.org). 

National authorities  

ANR (www.agence-nationale-recherche.fr). 

EPSRC (SUE and ISSUE) (VivaCity2020) is the main UK government agency for funding 

research and training in engineering and the physical sciences, investing more than GBP 

850 million a year (www.epsrc.ac.uk). 

The Meteorological Office is the UK‘s National Weather Service.  ―We have a long history 

of weather forecasting and have been working in the area of climate change for more than two 

decades‖ (www.metoffice.gov.uk).  Current projects include: 

 Climate change in cities.  This project involves the analysis of urban microclimates 

utilising an urban land-surface model, coupled to global and regional climate models, 

to investigate the effect of climate variability and change on the urban heat island, and 

the influence on regional climate of urban land use and urban waste heat emissions.  

Met Office Unified Model and Joint UK Land Environment Simulator (JULES) 

provide a traceable hierarchy of models across different space and timescales required 

to quantify interactions between global climate change and urban microclimates. 

 Sustainable cities.  The Sustainable Cities: Options for Responding to Climate Change 

Impacts and Outcomes (SCORCHIO) project, led by the Centre for Urban Regional 

Ecology (CURE) at the University of Manchester, aims to develop tools for analysis 

of adaptation options in urban areas, with a particular emphasis on heat and human 

comfort in the built environment.  The Met Office is providing new simulations of 

regional climate change, that include the effects of urban land cover and 

anthropogenic heat release with an emphasis on Manchester and Sheffield. 

 Adaptation and resilience in cities.  The Adaptation and Resilience in Cities: Analysis 

and Decision making using Integrated Assessment (ARCADIA) project aims to 

provide system-scale understanding of the interrelationships between climate impacts, 

the urban economy, land use, transport and the built environment, and to use this 

understanding to design cities that are more resilient and adaptable.  The Met Office is 

providing a new set of probabilistic climate projections for London that are fully 

consistent with the methodologies adopted by the UK Climate Projections (UKCP09) 

(www.metoffice.gov.uk/research/areas/climate-impacts/urban). 

National Science Foundation (NSF) The NSF is an independent federal agency in the 

United States created by Congress in 1950 ―to promote the progress of science; to advance the 
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national health, prosperity, and welfare; to secure the national defense‖.  With an annual 

budget of about USD 6.9 billion (FY 2010), it is the funding source for approximately 20% of 

all federally supported basic research conducted by America's colleges and universities.  In 

many fields such as mathematics, computer science and the social sciences, NSF is the major 

source of federal backing (www.nsf.gov). 

PUCA (French Ministry of Ecology).  The Ministry undertakes four tasks: scientific data 

mining, support to R&D, network leadership and dissemination of knowledge.  Four 

departments constitute this incentive research disposal: urban societies and housing, territories 

and planning, cities and architecture, and technology and buildings 

(rp.urbanisme.equipement.gouv.fr/puca). 

Programmes (research programmes and exchange programmes) 

ACCCRN (Asian Cities Climate Change Resilience Network).  ACCCRN responds to the 

urban climate challenge (www.rockefellerfoundation.org/what-we-do/current-

work/developing-climate-change-resilience/asian-cities-climate-change-resilience). 

ACCESS (Australia). 

(www.climatechange.gov.au/government/initiatives/~/media/publications/science/national-

framework-cc-science.ashx). 

ACCLIMAT (Adaptation au Changement CLIMatique de l’Agglomération Toulousaine).  

This research project aims to study urban development, urban microclimates and climate 

change process interactions.  It plans to develop a numerical modelling framework to couple 

physical models and socio-economic urban models, which will be driven by local climate 

change and socio-economic scenarios, including macro-economics, land-use, building 

materials, and technologic and transportation assumptions. 

City adaptation to climate change will be explored by identifying socio-economic leverages 

that drive urban expansion processes, and simulating impacts of interaction between urban 

expansion and climate change, in terms of urban microclimates, energy consumption, CO2 

emissions, ground soil moisture and resident comfort.  Scientific evaluation of these impacts 

will be based on a multi-criteria indicators system. 

The study will consider the twenty-first century timescale and is intended to be applied to the 

Toulouse urban area, while also suitable for application to other major European cities.  The 

modelling framework, while versatile and modular, is a first step towards an urban planning 

tool, and open new interdisciplinary research areas on sustainable cities.  This project is 

funded by STAE-RTRA (www.fondation-stae.net), co-ordinated by CNRM-GAME 

(TURBAU team), and was launched in February 2010. 

BRIDGE.  The FP7 project BRIDGE (sustainaBle uRban plannIng Decisionsupport 

accountinG for urban mEtabolism) is a joint effort of 14 European Organisations aiming at 

incorporating sustainability aspects into urban planning processes, accounting for some well-

recognised relations between urban metabolism and urban structure.  Launched in 2008, this 

project aims to bridge the gap between biophysical sciences and urban planners, and 

introduce innovative planning strategies towards a sustainable city.  The innovation of 
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BRIDGE is the development of a Decision Support System (DSS).  A DSS is a computer-

based information system that may assist urban planners in decision making by providing a 

structured presentation of planning alternatives and the tools to evaluate them on the basis of 

environmental impacts and socio-economic implications of energy, water, carbon and 

pollutants (www.bridge-fp7.eu). 

Climate Alliance of European Cities in 2005 initiated the AMICA project to campaign for a 

combination of mitigation and adaptation, and for an integrated methodology to address both. 

Climate Change and Impact Research.  The main objectives of Climate Change and Impact 

Research: The Mediterranean Environment (CIRCE) are to predict and quantify the physical 

impacts of climate change in the Mediterranean, and to assess the most influential 

consequences for the population of the region.  The UK Met Office has provided an analysis 

of urban climate effects for the urban case studies of Alexandria, Athens and Beirut and is 

working with partners to assess the potential future impacts of climate change for urban 

populations in the region. 

CLIM2 project (CLIMatisation et CLIMat urbain) aims at evaluating the impact of air 

conditioning systems heat release on urban air temperature, during heat wave events like that 

of 2003 on the Paris urban area.  Numeric simulations based on the coupling of the 

atmospheric model Méso-NH and the model of urban climate TEB (GAME) will allow for 

calculating temperature rise in the streets for several types of heat release (wet or dry release 

in the air, in the river, etc.).  Several assumptions of air conditioning equipments (types, 

performance) and usage in the future will also be simulated to quantify the impact of these 

scenarios on Paris outdoor temperatures. 

The CLIM2 project is a joint effort between three partners, public research labs and private 

companies, and was launched in September 2009. 

DECOMB.  The objective of the research is a new direction for project-oriented processes, 

aiming at a high-quality urban environment in an open-minded value networked stakeholder 

culture.  The realisation of the research project involves the participation of construction and 

real estate businesses and city representatives.   

The project is a continuation of the Feasibility Study ―Design Concepts and Simulations of 

Built Environment - Ventures and Creative Approaches― implemented in 2003-2004 by the 

Association of Finnish Architect's Offices, Tampere University of Technology, HUT Helsinki 

University of Technology, University of Oulu and the Centre for Urban and Regional Studies 

at HUT.  The Feasibility Study was financed by the National Technology Agency Tekes.  The 

DECOMB project is a joint research project of all Finnish architectural graduate schools, 

Centre for Urban and Regional Studies and University of Helsinki (www.decomb.net). 

EPICEA.  The objectives of the EPICEA project (Etude Pluridisciplinaire des Impacts du 

Changement climatique à l’Echelle de l’Agglomération parisienne) are to evaluate the 

vulnerability of Paris to the evolution of urban climate within the context of climate change, 

and to assess the interactions between the urban planning of a large agglomeration and its 

local climate in order to propose relevant adaptation strategies.  EPICEA is a joint effort of 
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Météo-France and CSTB (Centre Scientifique et Technique du Bâtiment), launched in 2008 

and funded by Ville de Paris. 

European Research Council: SustainCity.  Funded by the European Research Commission, 

this project seeks to develop extensions to UrbanSim to adapt it to the European context, to 

couple the model system with dynamic assignment models, and to use the combined model 

systems to simulate sustainability in selected European metropolitan regions. 

International Institute for Environment and Development (IIED).  It is known that 

climate change disproportionately affects the poorest people in the world, who not only have 

the least capacity to respond and adapt to such rapid environmental change, but also are 

historically the least responsible for its causes.  In conjunction with its partners, IIED seeks to 

secure an equitable deal for the poorest communities in developing countries who are exposed 

to increasingly severe and unpredictable weather events that can devastate communities, 

destroy livelihoods and exacerbate poverty.  Its climate change group has been leading the 

field in adaptation to climate change issues since its inception as a discrete programme in 

2001 (www.iied.org/climate-change/about/about-climate-change-group). 

Integrated Global System Modeling Framework (IGSM).  At the heart of the Joint 

Programme‘s work lies the MIT Integrated Global System Modeling framework (IGSM).  

This comprehensive tool analyses interactions among humans and the climate system.  It is 

used to study causes of global climate change and potential social and environmental 

consequences. 

Its central research efforts are organised around the IGSM and strive to improve the 

integration of climate science, technological change, economics and social policy analysis 

into forecasts of pressing issues in global change science and climate policy 

(globalchange.mit.edu/igsm). 

Knowledge for Climate Programme.  This ambitious research programme aims to develop 

applied knowledge, through co-operation between the Dutch government, the business 

community and scientific research institutes, in order to ensure that long-term decision 

making takes into account the impacts of climate change.   

The aim is timely and cost-effective climate proofing of the Netherlands, within an 

international context (knowledgeforclimate.climateresearchnetherlands.nl/nl/25222734-

Home.html). 

MEGAPOLI.  The MEGAPOLI project brings together leading European research groups, 

state-of-the-art scientific tools and key players from developing countries to investigate the 

interactions among megacities, air quality and climate.  MEGAPOLI will bridge the spatial 

and temporal scales that connect local emissions, air quality and weather with global 

atmospheric chemistry and climate (megapoli.dmi.dk/maininfo/projsum.html). 

Modélisation Urbaine et Stratégies d’adaptation au Changement climatique pour Anticiper 

la Demande et la production Energétique (MUSCADE).  This project will focus on three 

closely interlinked factors of sustainable city development: energy, city structure and climate 

change, at both global and local scales. 
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The project aims to study the Paris urban area, taking into account urban structure 

modification inertia and the climate change timescale.  A numerical modelling framework 

will be used to study key urban processes and their interactions, at building scale, block scale 

and city scale. 

Models will be driven by coupled scenarios (climate change, socio-economic, land use and 

area expansion, building materials, and local and renewable energy potential).  For each 

scenario, results are expected for: global energy demand for buildings, potential local energy 

production, urban microclimates including impacts for resident discomfort, and CO2 

emissions.  Socio-economic terms will also be simulated (housing access, transportation cost 

and duration, productive capital), in order to identify sustainable adaptation strategies for 

cities to climate change. 

This project is intended to open new interdisciplinary research areas on sustainable cities and 

to increase urban planners' awareness of energy issues within the city, given climate change.  

By identifying leverages, the framework could also help future decisions concerning 

buildings, local energy production and urban regulations. 

Launched in January 2010, MUSCADE is co-ordinated by the CNRM-GAME (TURBAU 

team) and funded by ANR. 

Nordic Centre for Spatial Development (Nordregio).  Established by the Nordic Council of 

Ministers, Nordregio is an international research institute with a comparative focus.  

Nordregio undertakes strategic research and competence development with a view to 

producing useful knowledge-based foundations for decision makers at the international, 

national and regional levels.  Regional development, urban and rural systems, demography, 

governance and gender, innovation and knowledge, global climate change and local 

adaptation, plus international energy policy are the institute‘s major areas of interest, viewed, 

primarily, from a Nordic or broader European comparative perspective.  Geographically, 

Nordregio focuses specifically on the Nordic countries, the Baltic Sea region, the Arctic and 

on European region more generally.  Nordregio undertakes a great variety of projects, running 

in parallel, with usually 50 or more different commitments at any one time.  More often than 

not, these projects are implemented in co-operation with other research institutes and partners, 

thus adding to Nordregio‘s adaptability and scope (www.nordregio.se). 

City and Environment Interdisciplinary Research Programme (PIRVE).  This a research 

programme co-funded by CNRS and the French Ministry of Ecology.  It supports innovative 

projects concerned with the interface of urban-environmental issues (www.pirve.fr). 

PLUREL project.  The Peri-urban Land Use Relationships – Strategies and Sustainability 

Assessment Tools for Urban-Rural Linkages is a European integrated research project within 

the European Commission's sixth framework programme.  The project began on the first of 

January 2007 and is expected to end on 31 December 2010 (www.plurel.net). 

PROMETHEUS.  The use of probabilistic climate data to future-proof design decisions in 

the buildings sector is led by the University of Exeter and aims to develop a new set of 

probabilistic reference years that can be understood and used by building designers.  The Met 
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Office is providing an analysis of observed and simulated urban microclimates within the 

United Kingdom (centres.exeter.ac.uk/cee/prometheus). 

Sustainable Urban Metabolism for Europe (SUME).  The SUME project is based on the 

urban metabolism approach, and explores the flows of resources, energy and waste 

maintaining the urban system.  The built environment as the stock of the urban system is 

using a substantial portion of flows.  Moreover, the spatial qualities of built urban systems 

(―urban forms‖) have an impact on the qualities and quantities of resources needed to 

maintain them subsequently. 

The SUME project analysed the impacts of existing urban forms on resource use and estimate 

the future potential to transform urban building and spatial structures in order to significantly 

reduce resource and energy consumption, thereby taking into account differences in urban 

development dynamics.  The project started in November 2008 and was carried out over a 

period of three years (up to October 2011) (www.sume.at).   

Toronto Urban Climate Change Network (TUCCN).  The network will strive to support 

the vision of Toronto and other urban areas as sustainable within the context of climate 

change (www.tuccn.org). 

Urban Climate Change Research Network (UCCRN).  The Urban Climate Change 

Research Network is a consortium of individuals and institutions dedicated to the analysis of 

climate change mitigation and adaptation and energy issues from an urban perspective.  It is 

designed to enhance cutting-edge scientific, economic and planning-related research, and to 

promote knowledge sharing among researchers and urban decision makers and stakeholders 

about all aspects of climate change and cities (www.uccrn.org). 

URBAN EUROPE.  The background of this Joint Programming Initiative (JPI) is the 

ongoing transformation of society, economy and environment.  Globally, this is a 

transformation towards urbanisation.  Hence, the future of Europe will largely be shaped in 

urban areas.  It is here, that a series of global challenges and their impact on the social, 

economic and ecologic subsystems become concrete and must be managed.  Major challenges 

include social deprivation and segregation, urban sprawl and congestion, environmental 

degradation and the effects of climate change 

(www.era.gv.at/attach/12010_03_16_JPI_URBANEUROPE.pdf). 

Urban Age Project.  This programme undertakes worldwide investigations into the future of 

cities (11 biggest metropolises in the world) (www.urban-age.net).   

URBAN-NET.  The URBAN-NET project addresses issues of urban sustainability in Europe.  

Its overall aim is to increase co-operation and co-ordination between European Member and 

Associated States through networking and collaboration on joint research activities.  

URBAN-NET is funded by the European Commission‘s Framework 6 Programme under the 

European Research Area Network (ERA-NET) initiative (www.urban-net.org). 

VILLE NUMERIQUE.  Ville Numerique is a joint effort of 12 laboratories from PST Paris 

Est, funded by the French Research Innovation Services and launched in September 2009.  

Through expertise sharing, the goal is to study and develop elements that will be used to 
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develop a numerical modelling tool for the city.  The Ville Numerique consortium will study 

city physical processes, such as traffic, acoustics, hydrology and meteorology.  The 

consortium will also explore environment indicators in order to evaluate the impact of the 

following physical processes on the city: energy demand, GHGs, air quality, mobility, 

pollutant and water fluxes (www.cnrm.meteo.fr/spip.php?article377). 

Some virtual reality functionalities will also be studied in order to propose, in a future tool, 

interactive simulations and visualisation of results within a 3D environment.  The research 

team is mostly involved in the three following items: 

 Hydrology and meteorology coupling at city scale; 

 Energy at building scale and meteorology coupling;  

 Automatic production of input surface parameters from a GIS database. 

Vulnérabilité Urbaine aux épisodes Caniculaires et stratégies d’Adaptation (VURCA).  

This project, funded by ANR, proposes an interdisciplinary approach to provide insights on 

the complex interaction between city economies and climate change and on the viability and 

effectiveness of identified adaptation options. 

The project aims, first, at evaluating the level of urban structure vulnerability (in terms of 

comfort losses) and energy demand sensitivity (in terms of air cooling) due to heat waves.  

The second objective is an efficiency evaluation of potential adaptation strategies in response 

to these vulnerabilities.  From a methodological perspective, this should be achieved by 

integrating the outcomes from three different analytical methods (a climate model, an urban-

weather model and a coupled housing-transportation model) into a unique investigation 

framework.  The project was launched in January 2008, and is co-ordinated by the Centre 

International de Recherches sur l’Environnement et le Développement (CIRED; www.centre-

cired.fr). 

City networks 

Covenant of Mayors (www.eumayors.eu) 

C40 cities.  Membership of C40 cities is limited to big cities, based on invitation and is 

supported by the Clinton Foundation. 

Climate Alliance and Energy-Cities.  Energy-Cities is a European association launched in 

1990 promoting the participation of local authorities in energy supply policies (www.energy-

cities.eu).  Climate Alliance is the abbreviation for the ―Climate Alliance of European Cities 

with Indigenous Rainforest Peoples‖.  Founded in 1990, it includes more than 1 600 cities 

(www.klimabuendnis.org/home.html). 

EUROCITIES.  In 2003, a working group ―Global Warming – Local Warning‖ was created 

on the initiative of British cities and the European Commission.  EUROCITIES is therefore 

committed to developing a permanent ―territorial dialogue― at European level, covering all 

policies that affect local and regional governments.  EUROCITIES is also working to 

promote international networking and co-operation among cities in the whole of the enlarged 

European Union and in neighbouring countries (www.eurocities.eu/main.php). 



 

Page 83 of 99 

Local Governments for Sustainability - ICLEI.  ICLEI is an association of over 1 200 local 

government members committed to sustainable development.  ―Our members come from 70 

different countries and represent more than 569 885 000 people‖ (www.iclei.org).  ICLEI 

provides technical consulting, training and information services to build capacity, share 

knowledge and support local government in the implementation of sustainable development at 

the local level.  ―Our basic premise is that locally designed initiatives can provide an effective 

and cost-efficient way to achieve local, national and global sustainability objectives.‖ (ibid.) 

ICLEI includes the Cities for Climate Protection Campaign, launched in 1993. 

METREX.  Network of European Metropolitan Regions and Area (www.eurometrex.org). 

Private sector 

Accenture.  ―Accenture is a global management consulting, technology services and 

outsourcing company.  Combining unparalleled experience, comprehensive capabilities 

across all industries and business functions, and extensive research on the world's most 

successful companies, Accenture collaborates with clients to help them become high-

performance businesses and governments‖ (www.accenture.com). 

Alstom.  Electrical grids need to deliver more energy, with greater flexibility, and in a more 

complex environment.  Alstom explores solutions to make grids ―smarter‖ 

(www.alstom.com). 

Bouygues.  Bouygues Construction earmarks 32% of its research budget to sustainable 

construction, which involves positive-energy buildings, eco-products, eco-equipment and so 

on.  Sustainable construction topics such as positive-energy buildings and the sustainable 

construction index are regularly addressed during the two-yearly R&D forum and at quarterly 

innovation meetings.  A cross-cutting sustainable construction unit has also been set up to 

offer expertise to Bouygues Construction‘s engineering and sales teams 

(www.bouygues.com). 

China Railway Construction (CRCC).  The business of CRCC embraces project 

contracting, survey, design and consultation, industrial manufacturing, exploitation of real 

estate, capital operation and logistics.  CRCC has built a complete and comprehensive 

construction industry chain and a perfect system of credentials in circles including scientific 

research, planning, survey, design, construction, superintending, operating and equipment 

manufacturing, and so on.  CRCC has established itself as the leading corporation in the 

design and construction of plateau railways, high-speed railways, expressways, bridges, 

tunnels and urban track transportation projects.  CRCC has won more than 240 national 

awards on project contracting and survey, design and consultation since the 1980s 

(www.crcc.cn/p508.aspx). 

Computer Science Corporation.  (www.csc.com). 

Eiffage.  This French company leads European concessions and public sectors.  It operates 

through five business lines: concessions and public-private partnerships, construction, public 

works, energy and metals (www.eiffage.com/index.php?LANG=EN). 
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Hewlett Packard.  As IBM, this company is involved in services and software that can be 

linked to models (www8.hp.com/fr/fr/software/enterprise-software.html) 

IBM.  Cf.  global innovation outlook (www.ibm.com/ibm/gio/cities.html). 

MWH.  (www.mwhglobal.com/) 

Suez Environnement.  One of the world leaders in the domains of waste disposal and water 

supply.  In research and development, it is also involved in modelling activities (www.suez-

environnement.fr/fr/developpement-durable/demarche/methodologie/notre-methodologie/). 

Veolia Environnement.  Veolia is another world leader in environmental concerns.  It tends 

to emphasise a new approach to city management within the framework of urban planning 

operations, performance criteria and real-time information.  The Veolia observatory of urban 

life styles should also be mentioned (www.observatoire.veolia.com/en/). 

Vinci.  With a specific approach on eco-cities (www.vinci.com/vinci.nsf/fr/developpement-

durable/pages/GOIN03.htm) Vinci also includes Cofiroute. 

Supports and tools 

Journals 

Bulletin of the American Meteorological Society (www.ametsoc.org/pubs/bams) 

Cities (www.journals.elsevier.com/cities) 

Environment and Planning B (www.envplan.com/B.html) 

Environnement urbain (www.vrm.ca/cyber-revues.asp) 

Geografiska Annaler A (Physical Geography) (www.wiley.com/bw/journal.asp?ref=0435-

3676) 

Geografiska Annaler B (Human Geography) (www.wiley.com/bw/journal.asp?ref=0435-

3684) 

Histoire et Mesure (histoiremesure.revues.org) 

International Journal of Climatology 

(http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%291097-0088) 

International Journal of Urban and Regional Research 

(www.wiley.com/bw/journal.asp?ref=0309-1317) 

International Journal of Urban Sustainable Development (www.tandf.co.uk/journals/tjue) 

Journal of Applied Meteorology and Climatology (www.ametsoc.org/pubs/journals/jam/) 

Journal of Climate (www.ametsoc.org/pubs/journals/jcli/) 
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Journal of the American Planning Association (www.planning.org/japa/) 

Planning Perspectives (www.tandf.co.uk/journals/titles/02665433.html) 

Urban Affairs Review (uar.sagepub.com) 

Urban Morphology (www.urbanform.org/online_public/) 

Urban Research and Practice (www.tandf.co.uk/journals/rurp) 

Urban Studies (usj.sagepub.com) 

Platforms 

Climate Ark.  Climate Change and Global Warming Portal 

(www.climateark.org/climatechangeurbansprawl/). 

Climate Change Data Portal (World Bank).  The Climate Change Data Portal provides an 

entry point for access to climate-related data and tools.  The Portal provides access to 

comprehensive global and country data information related to climate change and 

development.  The portal intends to serve as a common platform to collect, integrate and 

display climate change relevant information at the global scale 

(www.worldbank.org/climateportal). 

Grasp (Climate Impacts: Global and Regional Adaptation Support Platform).  GRASP 

is an interactive information platform which will be developed, initially in some pilot 

countries.  The platform will contain three main information layers, compiled and collected in 

a user-friendly manner (www.ci-grasp.org/): 

 Climate change parameters (temperature, precipitation, wind, etc.); 

 Physical and socio-economic impacts (sea-level rise, changes in agricultural 

production, losses due to extreme events, etc.);  

 Adaptation options and experiences.   

Open Platform for Urban Simulation (OPUS) (www.urbansim.org).  Some SLEUTH 

models can be downloaded and viewed at (www.ncgia.ucsb.edu/projects/gig/) 

National Urban Database and Access Portal Tool (NUDAPT).  NUDAPT is a new web-

based urban data resource designed to facilitate implementation of the latest advanced urban 

meteorological, air quality and climate modelling systems.  NUDAPT was developed to 

provide to the modelling community a resource to facilitate addressing many of the evolving 

environmental problems of urban areas.  It features a database with high-resolution urban 

morphological features and specialised daughter products representing the geometry, density, 

material and roughness properties of the morphological features.   

Sustainable cities net.  SustainableCitiesNet.com is a network and communication system to 

deliver information and connect people and projects, to accelerate the transformation of cities 

across the world (www.sustainablecitiesnet.com/). 
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Workshops and conferences 

International Workshop on Mainstreaming Adaptation to Climate Change Guidance 

and Tools, GTZ House Berlin, Potsdam Square, organised by DFID, GTZ, USAID and the 

World Bank (28–30 May 2009). 

Les nouvelles orientations de l'urbanisme: résurgence du scientisme ou nouveaux 

modèles? APERAU, Brest, France (8–10 May 2010).  This meeting examined the 

development of new scientist doctrines in the field of planning.   

Transferts de modèles urbains dans l'espace atlantique, Toulouse, France (2 June 2010).  

This meeting considered the Atlantic as an analysis field, and studied interactions inside the 

America-Europe-Africa triad with regard to paradigms of path dependency and centre-

peripheral diagrams.   

Circulation of Ideas, Models and Practices in Urban Planning, Institut Français 

d'Urbanisme, Marne la Vallée, France (7 July 2010). 

14th International Planning History Society Conference, Istanbul, Turkey (12–15 July 

2010).  The conference addressed the theme of ―Urban Transformation: Controversies, 

Contrasts and Challenges.‖ The conference theme seeks to provide a window, not only for 

broad investigation of urban transformation aspects in planning history across the world, but 

also for sharing professional and academic knowledge and expertise. 

Cities and their growth: Sustainability and fractality, Adam Mickiewicz University, 

Poznań, Poland (5-6 August 2010).  Spatial management and urban geography seek to answer 

questions such as: Why do cities grow so explosively, and what spatial forms will they 

assume in the future? What mechanisms underlie the economic development of cities? What 

does sustainable urban development mean? The aim of the conference was to present the 

latest achievements in this field.  Another issue addressed at the conference was the problem 

of balancing factors that contribute to the formation of cities offering high standards of living 

to their residents. 

The sessions proceeded within the following major thematic blocks: New directions in urban 

economics; Cities as complex systems; Cities and innovation processes; Vulnerability, 

resilience and sustainability of cities; Cities and human security; Cities and city regions; and 

Fractal aspects of urban development. 

17th International Seminar on Urban Form (ISUF), Hamburg, Germany (20-23 August 

2010).  The general theme of the conference was ―Formation and persistence of townscape‖.  

The interdisciplinary conference of ISUF aimed to address representatives of disciplines 

interested in the study of Urban Morphology, and sought to explore a wide range of subjects.   
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La modélisation de la ville: du modèle au projet urbain, Certu (23–24 February 2011).  

The topic of this meeting was ―Modeling activities, towards urban project‖.  Four thematic 

domains were identified: built environment and physical questions; spatial dynamics and their 

representations; risks and sociology, anthropology and economics; and nature and living in 

cities. 

The 5th International Association for China Planning (IACP) conference (17–19 June 

2011).  During the past 30 years, China‘s successful economic reform has brought 

unprecedented growth and prosperity to the country and its people.  As a rapidly transformed 

developing country, China‘s economic development record has received much-deserved 

worldwide attention.  However, China‘s urban and rural differentials are widening in terms of 

personal income levels, educational opportunities, healthcare benefits, quality of life, public 

service, social security and many others.  This trend, if not reversed, will negatively impact 

social stability and development potential in the long run. 

The critical path for reversing this trend and building a harmonious society in China calls for 

co-ordinating urban and rural development and planning strategies.  China‘s former ―Ministry 

of Construction‖ was recently renamed as ―Ministry of Housing and Urban-Rural 

Development‖, clearly demonstrating the utmost importance and urgency of addressing this 

urban-rural gap issue. 

Following the successful international conferences on China‘s Urban Development and 

Planning in 2007, 2008, 2009 and 2010, the 5th annual IACP conference was held at Renmin 

University of China, Beijing, China.  This conference brought together researchers, planners 

and other government officials from China and around the world to exchange ideas around 

the theme ―Co-ordinated Urban and Rural Development and Planning.‖ One of the sessions 

was dedicated to ―International Experience and Innovative Planning Techniques.‖ 

The UGEC 2010 International Conference on Urbanisation and Global Environmental 

Change, ―Opportunities and Challenges for Sustainability in an Urbanising World‖, Arizona 

State University Tempe, AZ USA (15-17 October, 2010).  The International Conference on 

Urbanisation and Global Environmental Change created the first opportunity for a joint 

meeting and discussion between international scholars and practitioners who work at the 

interface of urban areas and global environment change.  The main goal was to promote 

stronger collaboration between academics, political decision makers and practitioners, acting 

at local, regional and global scales in order to capture the benefits of urbanisation, as well as 

mitigate and adapt to global environmental and socio-economic change and its impacts. 

The UGEC Conference worked closely with the Global Land Project (GLP) Open Science 

Meeting, held on 17–19 October.  GLP is a joint research project for land systems for the 

International Geosphere-Biosphere Programme (IGBP) and the International Human 

Dimensions Programme (IHDP) (www.UGEC2010.org). 
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Grontmij/Carl Bro  (www.grontmijcarlbro.com/en/Menu/ExpertiseAreas/ 

UrbanDevelopment/UrbanDevelopment.htm) 

IHS Global Insight (www.ihsglobalinsight.com) 

It's Not Easy Being Green: Assessments and Strategies for Sustainable Institutions 

(www.cmu.edu/greenpractices/campus-energy/complete-report-2010-final.pdf) 

JTC Corporation (www.jtc.gov.sg) 

Liikunta ja elinympäristö (www.oulu.fi/liikunnanolosuhteet/) 

Low2No (www.low2no.org/) 
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MATSim (www.matsim.org) 

Ministerio de Fomento (Spain) (www.fomento.gob.es/mfom/lang_castellano/ 

direcciones_generales/arq_vivienda/) 

MOLAND-Light (www.riks.nl/products) 

PlaceMatters (www.smartgrowthtools.org/) 

PLUREL XPLORER (plurel.ait.ac.at/plurel/xplorer) 

Reference Framework for Sustainable Cities (RFSC) 

(www.rfsustainablecities.eu/rubrique.php3?id_rubrique=107; 
www.rfsustainablecities.eu/rubrique.php3?id_rubrique=108)  

SAFA (Finnish Association of Architects) 

(www.safa.fi/fin/kilpailut/kilpailukalenteri/?act=show&CID=142&Class=1&Type=4) 

Spatial Decision Support (SDS) Knowledge Portal (www.spatial.redlands.edu/sds/)  

Stepgreen (www.stepgreen.org) 

TRCA – Carbon Competitive Cities (trca.on.ca/understand/programs-of-the-living-

city/carbon-competitive+cities.dot) 

Urban Redevelopment Authority (URA) (www.ura.gov.sg) 

UrbanSim (www.urbansim.org) 

VURCA (Vulnérabilité URbaine aux épisodes Caniculaires et stratégies d‘Adaptation) 

(www.cnrm.meteo.fr/vurca/spip.php?rubrique12) 

What if? (www.whatifinc.biz) 

Consultations 

The following academics were consulted: 

Prof. Margaret Bell, University of Newcastle (www.ceg.ncl.ac.uk/profiles2/margaret.bell) 

Prof. Rachel Cooper, Lancaster University (www.lancs.ac.uk/fass/lica/people/Rachel-

Cooper/) 

Prof. Marciel Echenique, University of Cambridge 

(www.arct.cam.ac.uk/Arct/staffmember.aspx?p=23&ix=3&pid=2&prcid=21&ppid=1228) 

Prof. Peter Guthrie, University of Cambridge 

(www.stedmunds.cam.ac.uk/fellows/individuals/index.php?recid=75) 

Prof. Christopher Rogers, University of Birmingham 

(www.eng.bham.ac.uk/civil/about/people_rogers.shtml) 

Prof. Nick Tyler, University College London 

(www2.cege.ucl.ac.uk/staff/staffpage.asp?StaffID=21) 
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Endnotes 

 

1. Particular mention should be made of the contributions of C. Bull (Melbourne University), 

A. Kaemena (European Commission), R. Horne (RMIT University, Australia), F. Sgard and 

D. Sanchez-Serra (OECD), A. Querrien and E. Raoul (PUCA, France), M. Wegener (partner, 

Spiekermann & Wegener, Urban and Regional Research, Dortmund) and J. Crittenden 

(Georgia Institute of Technology).  

2. See, for example, the work of M. Castells. 

3. ―Urban plans of Copenhagen and Stockholm are the reflection of ideas which developed in 

the 1930s: Le Corbusier‘s park-city, Aalto‘s forest city, the green city of Bruno Taut, rural 

establishments of Wright, or spread cities in the countryside conceived by Henry Ford, work 

cities of the soviets, or the human city of Olivetti‖ (Secchi, 2009, p. 98). 

4. There are important modelling activities in this domain mainly linked to the management 

of flux and the control of mass communications (stadiums, festivals, but also conception of 

the built environment). 

5. The teams that have developed MEPLAN and TRANUS were, at the beginning, located in 

the Centre for Land Use and Built Form Studies (LUBFS), Cambridge University. In 1978, 

they then joined or created independent firms: Marcial Echenique and Partners (MEP) for 

MEPLAN and Modelistica (Venezuela) for TRANUS. 

6. A synthesis of questions within the framework of research on spatial analysis and 

modelling can be found in the 2010 version of the situation report of the 39
th
 section of CNRS 

(France). 

7. Internal discussions among scientists concern, for example, economic basis theory, 

gravitational models and hypotheses linked to the variables explaining flux between two cities 

(proportional to the number of activities in each city, counter proportional to transportation 

costs), but also, more generally, thermodynamics hypotheses. Many models, like TRANUS, 

are based on auctions principles and a reference to market equilibrium. 

8. Citations come either from the questionnaire or from interviews. 

9. The so-called Papter, Pirandello, CityOne and Senseable city lab models have also been 

approached within the framework of the study, but are not described here. 

10. This is another LUTI model, used for example by Lefevre (2007). 

11. We may mention, thanks to M. Wegener‘s contribution, the following contemporary 

examples: SLEUTH (www.ncgia.ucsb.edu/projects/gig/), Land use scanner 

(www.lumos.info/landusescanner.php) and Environment Explorer 

(www.lumos.info/environmentexplorer.php). 

12. This was an energy and climate meeting in the city of Paris: ―Big cities and climate 

change adaptation: vulnerability and robustness of territories (19 October 2010).  

13. For further information: www.eiffage-phosphore.com 

14. The Euroméditerranée project is an urban project, which for the most part takes the form 

of revitalisation of a waterfront.  It is undertaken by a specific state agency (EPAEM) within 
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the framework of a national interest operation.  For further details see Bertoncello and Dubois 

(2010).  

15. For further information: www-01.ibm.com/software/solutions/soa/innov8/cityone/ 

index.html 

16. For further information: www.vibat.org/index.shtml 

17. For further information: www.dmu.dk/en/aboutneri/consultancy 

18. For further information: www.cnrm.meteo.fr/gmme 

19. OML is an acronym for the Danish term ―Operationelle Meteorologiske 

Luftkvalitetsmodeller‖. 

20. See also ADEME in France. 

21. Further information can be found at the website of the organisation: 

www.greenorg.livewirecms.com/ 

22. The cost was EUR 1 995, unlike the SURFEX case, which had free access. 

23. As a ―university-local government process model‖, this case study is described by 

A. Ramaswami of the Steering Committee. 

24. Details are provided in Ramaswami, et al. (2011). 

25. This case study is described by A. Piorr, a participant in the Melbourne workshop. 

26. For example, the LVMT lab in Paris, following recommendations made by the French 

Environment Roundtable (Le Grenelle Environnement - research COMOP), intends to 

establish equipment for databases concerning tools for city modelling. A ―GEBD network‖ is 

supposed to prefigure such a platform for access or treatment of geolocalised data. 

27. SUME is Sustainable Urban Metabolism for Europe, a programme recognized by the 

World Bank. 

28. See Topalov, et al. (2010), particularly the Preface, ―This is not a dictionary‖. 

29. Official website of Modelistica, www.modelistica.com/modelistica_english.htm 

30. This is a reference to the B. Latour and P. Weibel exhibition, held in Karlsruhe in 2005, 

entitled ―Making things public: atmospheres of democracy‖. 

31. We should not neglect the development of catastrophic visions of the city as a result of 

climate change found in many fictions (cf. in recent period Haundae, Korea, Scorched 

[Australia], 2012 Doomsday [US]). These have a real impact on the imagination. See for 

more information: www.espacestemps.net/document8011.html 

32. Vanier has been working in the same direction on the futures of suburban and peri-urban 

regions, distinguishing between five possible scenarios, which in reality are already all active. 

33. See the current works of Dupuis. See also Guggenheim and Söderström (2010). 
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34. The number of ―models in circulation‖ needs to be put in perspective with regard to the 

total number of ―realised urban models‖. 

35. See Appendix B. 

36. Author‘s translation. 

37. Author‘s translation. 

38. Author‘s translation. 

39. For further information: www.wits.ac.za 

40. For further information: www.urbansustainabilityexchange.org.uk 

41. For further information: www.aurin.edu.au 

42. For further information: www.macospol.com 

43. For further information: www.scientificamerican.com/article.cfm?id=climate-models-

predict-global-warming-effects-in-cities 

44. Even if there are obviously debates in this field, this was demonstrated in the French 

context by the impact of climate sceptics. 

45. For more details concerning this project: senseable.mit.edu/livesingapore. 

46. Article by Helka-Liisa Hentila on the SITRA website: 

www.sitra.fi/en/News/articles/Article_20090622_Hentila.htm 

47. This is similar to the spirit of The carbon Cities Climate Registry, which helps cities and 

local governments make climate commitments that the world can count on. The cCCR was 

developed by local governments for local governments. It enables cities and local 

governments to publicly register their greenhouse gas reduction commitments, report 

performance and showcase actions. The cCCR ensures that local climate action is measurable, 

reportable and verifiable, and that data are consistent with the standards of the global climate 

regime. The cCCR supports the global credibility of local climate action and ensures 

transparency, accountability and comparability. Pioneers cities for this action are: Calgary, 

Cape Town, Copenhagen, Mexico City and Nagpur. 

48. Most of the information is drawn from websites. 
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Urban systems are facing an increasing number of challenges. These include the impact of urban systems on the 
local environment and on the global climate itself, both of which constitute major policy issues. The development 
of sustainable urban systems involves complex and interdependent social and physical factors, which can 
be understood through the use of increasingly sophisticated models. Despite recent advances in computer 
capacities, a number of diffi culties still prevent the development of effi cient and user-friendly urban modelling 
tools.

The OECD Global Science Forum launched a project to address this issue and its outcome is presented in this 
policy report and its annexed survey analysis. It identifi es the existing tools and strategies for urban modelling and 
their current limitations, and propose a series of policy recommendations aimed at improving the effectiveness 
and use of urban models.  
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