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Conception and use of an individual-based model of residential choice
in a planning decision process. Feedback from an experimental trial in
the city of Besancon, France

Abstract

In this paper, we present an experiment involving the use of a complex spatial simulation platform to
support a planning decision process in the city of Besancon (eastern France). In medium-sized towns
across France, middle-income households with children are leaving to settle in periurban areas, and
Besancon is no exception. Under those circumstances, the political objective of the Besancon City
authority is to keep middle- and high-income households with children within the city. The simulation
platform MobiSim was used in this context to explore the possible outcomes of spatial planning
policies, set by both the Greater Besancon authority (Besancon and the surrounding periurban
communities) and the city of Besancon, on residential migrations over a 20 year period.

The experiment began in October 2012. Tt involved two successive stages. The first being the
collective definition and simulation of a baseline position simply extending existing trends from 2010
to 2030: the ‘Business as usual’ scenario. The second stage was a collective reflection on possible
modifications to some of the variables and parameters of this scenario in order to simulate a pro-active
policy of housing construction in the medium term.

The simulation platform chosen for the planning experiment is a Land-Use and Transport Interaction
platform, which integrates several models representing demographic, social, economic, and spatial
processes. Modelled entities are individuals and dwellings. Rules determine how individuals form
households. Other rules locate dwellings in buildings.

Under the conditions represented in the model, the ‘Pro-active housing construction’ scenario in
Besancon allows an overall reduction of migration flows from Besancon to the surrounding periurban
areas. More single parent families choose to reside in Besancon during the whole simulation time.
Couples with children, however, choose preferentially to reside in Besangon until 2022 only. At this
date, the controlled housing developments become less numerous.

This experiment gave the researchers and the planning actors involved in it the occasion to exchange
their scientific knowledge and their empirical knowledge. The simulation of the ‘Business as usual’
scenario was, as it were, a means to thoroughly explore one possible future. The experiment then led
the group to discuss possible planning actions designed to reduce migration flows of households with
children out of Besangon into periurban areas.

The experiment also shows some limitations: it highlights that this kind of PSS makes the planning

actors heavily dependent on the expertise of the researchers for every stage of the process.
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0. Introduction

In a global context of urban sprawl and increasing housing costs, policies for residential
mobility and residential development are an important aspect of urban and regional planning.
There are two major planning concerns: firstly, to ensure that housing supply meets housing
demand both quantitatively and qualitatively, and secondly to reduce the negative
environmental impacts that may result from residential development, especially an increase of
the length and the number of trips by car and the fragmentation of natural and agricultural
areas. This paper explores one attempt to use a complex simulation platform to find ways to
address these major concerns for the city of Besangon in France.

In medium-sized towns across France, middle-income households with children are leaving to
settle in periurban areas. Classical explanations for this are the household preferences for
detached housing in a green residential environment where housing costs (land prices and
taxes) are lower, although transportation costs in these periurban areas are higher. Considering
this, the political objective of the Besangon’s city authority, located in eastern France, is to
keep middle- and high-income households with children within the city. Setting this objective
raises the question of the possible effects of applying existing policies set in the official
planning documents for the urban region of Besancon (i.e. the strategic land use plan and the
local housing plan) on residential mobility of middle- and high-income households with
children in the city, notably centre-to-periphery migration flows, with a view to retaining this
population within the city boundaries.

This question has been addressed in the frame of an experimental trial involving two
researchers in geography and planning from the University of Franche-Comté (Besancon,
France) and two planning practitioners working in Besancgon city council’s planning service:
the Department of Planning, Projects and Forward Planning (la Direction ‘Urbanisme,
Projets et Planification’). To answer this question, this group of researchers and planners has
conceived and piloted the use of a very detailed individual-based model of residential choice
that represents the current known behaviours of households and that takes into account a
range of recommendations set by scholars to ensure the usefulness of simulation models to
support planning decision processes.

Many models have been developed since the 50s to explain and/or forecast residential choices
and residential dynamics. Most of them are based on micro-economic assumptions. They
often use the multinomial logit model (Weisbrod et al., 1980; Wegener, 1985; Prashker et al.,
2008) or the nested logit model (Quigley, 1985; Ben Akiva and de Palma, 1986; Ettema et al.,
2007; Kim et al., 2005; Vega and Reynolds-Feighan, 2009). As an alternative, multi-agent
simulation models are also sometimes used (Benenson, 1998; Filatova et al., 2009; Ettema et
al., 2011). All these models allow a better understanding of variables and processes involved
in residential choices and residential migration. However, they contribute little to defining
planning policies or to supporting planning decisions. The large number of variables involved
in residential decisions and the existence of non-linear relationships between them explain the
difficulty of forecasting future configurations of both residential locations (who will live
where in the future) and residential satisfaction (who will be more or less satisfied and
where). Because of this complexity, a simple linear extrapolation of trends offers no real help
in making planning choices. Yet identifying possible bifurcation points, as suggested for
instance by Wilson (2010), is difficult. Despite this difficulty, the group of researchers and
planners in Besancon has chosen to build a model that represents the complexity of residential
location dynamics and to pilot its use. The planning practioners were interested in dealing
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with this complexity because they are constantly confronted by it in their daily work. They
hoped the researchers could help them to manage it. As for the researchers, it was important to
build a model that represents complex processes involved in residential location dynamics.

According to Batty et al. (2013), the role of models in the planning and design of city systems
has radically changed during the last decades. “Fifty years ago there was a sense in which
both model builders and stakeholders regarded models as providing predictions which could
be used with some confidence to help figure out the impact of their plans in rather definite
ways with a high degree of certainty. This confidence is now widely regarded as having been
misplaced and the role of most models is now to inform, steer, and focus dialogue (Epstein,
2008), notwithstanding the continuing practical plea for some measures of certainty about the
future. Interaction between model builders and stakeholders has thus become the name of the
game (...)” Following the same idea, Failing et al. (2007) argued that the integration of
science and local know-how during decision making becomes an unavoidable task, in Europe
as well as in North America. Indeed, many publications dedidated to the analysis of the use of
planning support systems (PSS) insist on the necessity for planners and system developers to
share knowledge and demands, and to adopt a cooperative development process (Vonk et al.,
2007; Te Brommelstroet and Schrijnen, 2010; Van Delden, 2009). This requirement holds
especially when both the targeted planning task and the PSS used for achieving it are
complex. In the process of the pilot test presented in this paper, the group of researchers and
planners has tried to follow this recommendation.

Another point raised by Silva and Te Brommelstroet (2014) is that the effective use of PSS is
currently suffering from a ‘rigour-relevance dilemma’, with developers mainly concerned
with rigour while users are mainly concerned with relevance. Ever more complex PSS are
developed by researchers as a pursuit of scientific rigour and this seems to increase the gap
between supply (scientists) and demand (planning practioners). In the frame of the pilot
described here, one objective was to test the possibility to develop a complex simulation
model that is not a black box and that can be used as a discussion medium between planners
and researchers.

The paper is organized as follows. We first briefly describe the context of the pilot and how its
guidelines have been defined jointly by the researchers and the planning practitioners
involved in it. Then we describe the model, whose variables and rules have been set by both
the researchers and the planning practitioners. After this, we describe the way this model has
been used to determine the possible outcomes of the planning policies contained in the official
planning documents (local housing plan and strategic land use plan) on the migration flows of
households from the centre city to its surrounding periurban areas. Finally, we expose how the
researchers and the planning practitioners have imagined an alternative planning policy that is
the application of a pro-active housing construction by the city of Besancon, and how the
model has allowed them to explore the possible outcomes of this policy on the residential
locations of households.



1. The trial: context, objectives and guiding principles
1.1The context for the experimental trial

The study area is the urban region of Besancon known as le Grand Besangon, in eastern
France: Le Grand Besancgon is an intercommunal authority responsible for a range of policy
areas including planning and transport. We will refer to this area as Greater Besangon. This
urban region includes a core city (117,000 inhabitants) managed by one local authority (la
Ville de Besangon, which we will refer to as Besancon City Council) and periurban residential
areas with low population densities spread across 58 smaller local authorities. The
experimental trial with the simulation model involves two researchers in geography and
planning, and two urban planners from the core city’s planning service (la Direction
‘Urbanisme, Projets et Planification’ of Besancon). Note: although not all the authors of this
paper participated in the trial they all contributed to the development of the model and/or the
presentation and interpretation of its results (see Appendix 1).

Besancon's centre city is lossing population. Nevertheless, the number of inhabitants and the
number of households is increasing in the whole urban region. Because employment is mostly
concentrated in the centre city, car-based commuting is increasing, both in terms of frequency
and distances travelled. As a consequence, urban road congestion is also rising. To counter
this phenomenon, a tramway line has been constructed. This new transportation infrastructure,
combined with the creation of park and ride close to the edge of the urban area, aims to reduce
car use in the city. Its construction has been financed by all the local authorities of the urban
region.

Not only does Besangon's centre city contain most of the urban region’s employment it is also
home to most of its low-income households. More than 90% of the urban region’s social
housing is located within the city and a large proportion of the city’s residents have incomes
below the threshold for income tax (a key indicator of low income).

This situation has informed the planning policies contained in the official planning document
for the urban region, the Schéma de cohérence territorial (Territorial coherence framework) or
SCoT (2011) which states that 60% of the dwellings constructed have to be built within the
centre city (40% in the periurban municipalities). It is worth noting at this point that the city
of Besancon still has a number of sites left for new residential developments, many of them
being located near to tram stops. Besides this, the SCoT and the PLH (Local Housing Plan,
2010) encourage each periurban municipality to include a minimum proportion of social
dwellings in its targeted residential growth. The SRU (Solidarité et renouvellement urbain)
law of 2000 imposes a minimum share of 20% social dwellings in middle-sized urban
agglomerations. Greater Besancon already fulfils this requirement thus its objective is only to
achieve a more homogeneous distribution of the social dwellings among all the communities
of the urban region.

Under those circumstances, the political objective of the Besancon City authority (i.e. the
mayor of the city and other political representatives) is to keep middle- and high-income
households with children within the city. The arguments for this are to minimise car-based
commuting and to benefit from the economic resources of these households (they pay taxes,
and have relatively high household consumption levels). Besancon City council’s aim is not to
push poor households away (Watson 2009), but to attract and/or retain better off households,



thus increasing the city council’s tax base and its ability to finance its progressive social
policies.

The department responsible for achieving this policy objective is Besancon city council’s
planning service: the Department of Planning, Projects and Forward Planning (la Direction
‘Urbanisme, Projets et Planification’). Planners working in this department want to know if
the policies of the SCoT (strategic land use plan) and the PLH (housing plan) as well as rising
fuel prices and the new tramline will lead to more middle- and high-income households with
children choosing to settle in the city of Besancon. If not, what additional planning policies
could reduce the centre-to-periphery migration flows?

A number of other questions flow from those posed above. For example, what are the crucial
decision criteria for households wishing to buy their own property? Are size and cost most
important, or is housing type (flat or detached house) or even the quality of the residential
environment (landscape, services, public transport) equally significant? Will the attractiveness
of public transport increase as fuel prices increase? As the population ages, will the elderly
remain in their current housing if they are living in large houses in the urban periphery?

1.2 Origins, objectives and stages of the experimental trial

Initially, the planners in the city’s Department of Planning, Projects and Forward Planning
envisaged carrying out a survey of household residential preferences to answer these and
other questions. To this end, they contacted specialists in the university research centre
‘Theories and Models for Planning’ (TheMA) in June 2012. In a series of face to face and
email exchanges between June and September 2012, the planners laid out the political
objectives of Besancon’s city council, while the researchers presented their knowledge of
residential migration processes.

The conclusion was that a survey would simply generate facts that were already well known.
Not only did many comparable surveys already exist in other French or European cities (e.g.
Hur, Nasar, and Chun 2010; Ellis, Lee, and Kweon 2006; Bonaiuto, Fornara, and Bonnes,
2003), but a similar survey had already been undertaken recently in the periurban areas of
Besancon as part of a doctoral study (Youssoufi and Foltete, 2013).

The researchers then proposed an alternative approach using computer simulation to explore
the possible outcomes of spatial planning policies on residential location dynamics by
developing a simulation model incorporating the planners’ and researchers’ knowledge of
people’s residential choices. The model would be used to explore the possible effects of
different development scenarios on residential migration over a 20 year period but not to
forecast the future. The planners accepted the proposition and the trial began in October 2012.

The trial involved two successive stages. The first being the collective definition and
simulation of a baseline position simply extending existing trends from 2010 to 2030: the
‘Business as usual’ (BAU) scenario. The second stage was a collective reflection on possible
modifications to some of the variables and parameters of the ‘Business as usual’ scenario in
order to simulate a pro-active policy of housing construction in the medium term.

The motivation of the planning actors for participating in this experimental trial was to clear
up some of their concerns about the feasibility of achieving the objectives set by the political
actors. The motivation of the researchers was to see if the simulation model they were



working on could be useful for planning policy development. It is important to note that
although the collaboration started following an initiative taken by Besancon City Council, the
local authority did not fund the trial with the simulation platform. This helped to ensure that
the researchers involved were able to express their opinions freely. Indeed, exploring some of
the implications of the research findings underpinning the simulation model was an objective
of the researchers, and sharing these with the planners was a part of ensuring that the
simulation results were understood and seen as useful.

2. Choice of an appropriate simulation model

Various forms of computerised tools already exist, which aim to assist spatial decision-
making. Some of them allow the identification of optimal locations for retailing or other
facilities (Thomas 2002). Other tools take into account a series of criteria to identify areas
worth urbanizing or worth protecting (e.g. Malczewski, 2004; Arentze et al., 2006; Li and Liu,
2008; Janssen et al., 2008; Ligmann-Zielinska et al., 2008; Roberts et al., 2011). Despite the
number of existing tools, few publications show the applications of such SDSS (spatial
decision support systems) or PSS (planning support systems) in ‘real’ situations. Te
Brommelstroet (2009) proposes three explanations for this: 1) the gap between the modelling
and planning communities is too large; 2) PSS are technology oriented rather than planning
oriented; 3) these instruments do not fit the complex dynamics of real-world planning
contexts.

Multi-agents systems specifically developed for assisting participatory processes have,
however, proven to be useful (Becu, Neef, Schreinemachers, Sangkapitux 2008; Castella,
Tran Ngoc Trung, Boissau 2005; Bousquet et al. 2002). These simulation models efficiently
support collective decision-making where different stakeholders have conflicted objectives.
Nevertheless, in the case presented in this paper, the purpose was not to achieve a consensus
between conflicting objectives: the objective of Besangon City Council was clearly set: to
retain more middle- and high-income households within the city boundary. The question
related to the effectiveness of the planning rules set by the SCoT and the PLH to reach this
objective as well as the possibility of using additional planning levers to better achieve it.

Other multi-agents systems are capable of generating urbanization schemes in the context of
urban planning processes (Saarloos et al., 2005; Ma et al., 2006), but in the case of the
experimental trial described here, the central question is not where to locate new residential
developments: the allocation rules are already defined in the SCoT and the PLH.

Other types of simulation models can be used in the context of prospective approaches. In
particular, cellular automata models allow the simulation of land use changes considering
different prospective scenarios (White et al., 1997; Antoni, 2006; Li and Liu, 2008). Cellular
automata simulations reveal which spatial configurations of urban growth emerge according
to a given set of spatial interaction rules and spatial constraints. They do not really address,
however, the questions asked by Besancon's planners where the spatial configuration of urban
growth is an input not an output.

In the specific case of residential migration dynamics, two interrelated urban spatial systems
have to be considered jointly: the urban development system (construction of new residential
buildings and new places of activity) and the daily mobility system (where each individual
carries out his or her activities). This led us to choose a Land-Use and Transport Interaction
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(LUTI) simulation platform (Wegener, 2004) to support the experimental trial. A LUTI
simulation platform focuses on the interactions between transport planning and land-use
planning. For this, it integrates several models representing demographic, social, economic,
and spatial processes.

We assume that the success of the trial involving both researchers and planning actors requires
a simulation model that represents the complexity of phenomena involved, it should not be
too reductive but, nevertheless, easy to understand. The model is not there to provide
solutions but to support discussions and collective reflection. The following section details the
guiding principles adopted for building the model used in the trial.

2.1 A model for testing planning scenarios

The model is descriptive and exploratory, but not predictive because of the complexity of the
phenomena involved. It is also not prescriptive: its aim is to explore and not to provide
solutions or to identify the best solution among a small set of options. It is a structured
examination of the complex dynamics at work in a city with a view to offering computerised
assistance for human reasoning, rather than a replacement for it.

For the model to be an effective medium for discussion, both the researchers and the planners
have to trust it. It is necessary to reach an agreement concerning the assumptions and the rules
contained in the model (Van Delden, 2009). Hence the model should not be a black box.
Following the idea of a “comprehensive model”, all the factors, which seem important for the
group, have to be introduced into the model. How these factors are related together has also to
be explicitly set. The model should integrate both the scientific knowledge of researchers and
the empirical knowledge of planning actors.

To support creativity, the model has to be strictly formalized: only if the framework is
sufficiently constrained, will it help to identify what can change more or less easily, and what
cannot. The model has to be constrained enough but not too much otherwise it might be too
difficult to set the behaviour rules of households. Some flexibility is required to represent
phenomena and rules imperfectly known but that are supposed to play a role in residential
dynamics. To achieve enough flexibility, it is possible to introduce imprecision when defining
evaluation rules (when distinguishing between push and pull factors, or those that are
important or unimportant). It is also possible to introduce uncertainty when defining choice
rules.

Variables influencing daily and residential mobility patterns must be easy to modify in order
to simulate numerous prospective scenarios. Scenarios consist of changes in spatial variables
(to represent a change in spatial planning rules) and changes in context variables.

In any modelling approach, exogenous variables are required when they cannot be predicted
by the model, above all those that can be regulated by planning controls (Wilson, 2010). In
the case of the trial, interesting exogenous variables are demographic parameters specifying
long-term demographic trends (average age of the first child...), in- and out-migration, and
fuel price changes over the course of time. Other variables related to housing construction can
be levers for planning in the French case (Kamps, 2013): number of residential buildings
constructed each year, types of constructed buildings (houses or flats), dwelling sizes, and



planning zones. For testing scenarios, it may also be interesting to introduce an exogenous
parameter to represent spatial differences in taxes, which influence housing costs.

The aim of the model is to simulate the effect of planning policies on mobility patterns and
behaviours but not to simulate the economic effects of planning policies. As a consequence, it
is not useful to model explicitly the housing market (supply and demand mechanisms) as do
for instance Filatova et al. (2009) or Ettema et al. (2011). More generally, the modelled
processes must not necessarily refer to market equilibrium (being static or dynamic) or to a set
system of preferences. Without economic mechanisms, the endogenous residential dynamics
results mainly from intra-urban spatial differentiations -site (landscape) and situation
(accessibility to employment and amenities) - combined with the individual characteristics of
the households (income, life style, age...).

Although economic mechanisms, in particular price formation, and economic concepts such
as bid rent or hedonic prices are not modelled, the model does not deny micro-economic
theories. Economic variables (household income, dwelling cost, transportation cost) are taken
into account. Macro-economic phenomena (e.g. economic or financial crises) can also be
taken into account throughout an exogenous change of housing costs and household incomes.

The model calibration allows the quantitative transcription of stylized facts representing the
current context and the current behaviours, which will be modified later to create scenarios.
The quantification of stylized facts is not based on the statistical estimation of a system of
stated or revealed preferences. However, statistical (or survey) data are used to set realistic
value ranges for parameters as well as to give a rough estimate of changes in variables. One
objective is to determine how much it is possible to quantitatively change things in the model
while obtaining plausible simulation results. The path of possible trajectories is not, however,
infinite. For instance, simulating a change which reduces Besangon to a population of only
10,000 residents or a town with a purely periurban population is beyond the realms of
possibility.

2.2 A model of complex processes

Building a model implies necessarily a simplification (the model does not describe the entire
world). The crucial question is: which interactions are essential and which are not.

Household mobility within urban regions, unlike long-distance mobility, is almost exclusively
determined by housing considerations, i.e. changing housing needs during the life cycle
(Wegener, 1985). Consequently, demographic parameters specifying long-term demographic
trends (birth and death rates, average age of the first child, etc.) have to be taken into account.
Wilson (2010) also argues that a dynamic model of location behaviour has to integrate several
types of conceptual models: theories of demography at the aggregate level, theories of
economy, a theory of spatial structure, and a theory of spatial interaction. Building a general
model consists in assembling best-practice sub models (in particular, a residential mobility
model and a daily mobility model), and linking them.

This led us to choose a Land-Use and Transport Interaction (LUTI) simulation platform
(Wegener, 2004) to support the experiment. A LUTI simulation platform focuses on the
interactions between transport planning and land-use planning. For this, it integrates several
models representing demographic, social, economic, and spatial processes.
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In the specific case of residential migration dynamics, two interrelated urban spatial systems
have to be considered jointly: the urban development system (construction of new residential
buildings and new places of activity) and the daily mobility system (where each individual
carries out his or her activities).

Non-linear dynamics characterizing residential migration processes result not only from the
interactions between residential mobility and daily mobility, but also from push-pull
interactions that occur in residential location decisions. All residential migration models
classically distinguish “push” factors (propensity to move) from “pull” factors (choice factors)
(Ben-Akiva and de Palma 1986; Andersson et al., 2002; Pellegrini and Fotheringham, 2002).
Most often, a household is not content with its residential situation, and envisages moving
(push factors). Thus, a household takes a decision and looks for a dwelling that corresponds to
its expectations (pull factors). These models, generally called “two stages” (decision to move
and choice of dwelling) or “three stages” (decision, search, and choice) consider the push-pull
factors in a consecutive and independent fashion (Raju et al., 1998; Fernandez et al., 2005;
Brown and Robinson 2006; Jordan et al., 2011). Models that consider push pull factor
interactions, most commonly through the idea of economic utility, are rarer (Benenson, 2004;
Ettema et al., 2007). The model constructed for this experimental trial models the decision to
move as a single process composed of two interacting elements: the decision to leave a
current dwelling, and the choice of a new location. The idea of a single process means that a
single model represents the spatial decision.

2.3 A simple to understand model, lending itself to discussion

The model is designed to be simple to understand and to lend itself to discussion. In order to
respect this guiding principle we chose to build an individual-based model in which
behaviours are explicitly modelled (Benenson 1998; Benenson, Omer, Hatna 2002). The fact
that entities represent “real” agents seems more intuitive and evocative for planning actors
having no modelling skills.

Modelled entities are individuals and dwellings. Rules determine how individuals form
households. Other rules locate dwellings in buildings. Modelling at the scale of individuals
allows a coherent simulation of demographic changes taking into account lifecycle events
(determining residential mobility), and a good characterization of individual modal choices
and household residential choices. Spatial disaggregation (at the scale of dwellings and
buildings) is an appropriate solution to simulate pedestrian mobility in short distance trips
(from building to building), to analyse household residential preferences considering the
dwellings in their local environment, and to simulate distinct scenarios of residential
development based on various planning and design rules.

Stylized facts represent household residential behaviour and individual mobility behaviour.
Behaviour changes result from changes in the characteristics of households and individuals
(births, unions, ageing, deaths...) as well as changes in their environment. Available places to
live change as a consequence of dwelling construction. Places where individuals undertake
their activities (shops, places of employment, etc.) do not change endogenously, except green
and natural areas. At an aggregated analysis level, daily and residential mobility patterns
result from the behaviours of households and individuals.



Our aim is to formalize the residential choice process in a realistic manner, which explains
that our model contains numerous variables. Nevertheless behaviours are represented by
simple stylized facts. Abstract formulations and concepts are avoided. For instance, the
concepts of utility and rent calculated in market equilibrium, which seem too abstract and
difficult to understand when working with planning actors, are not used.

2.4 The simulation platform: MobiSim

Initial Artificial population Urban shapes
state o . Networks . L
Individuals Dwellings (roads, public transports) Buildings Activities
Demographic evolution Residential development
. Lo Housing types
Ageing, couple creation, Migrations Detached houses, collective
birth, separation, death... In and out of buildings
the Built-up patterns
study area Compact, disperse, polycentric...
Microsimulation ” >
Cellular-based simulation
Daily mobility Residential mobility
—
Individual-based modelling [ndividual-based modelling
Emergence
SPATIAL CONFIGURATIONS

Figure 1. Architecture of the simulation platform MobiSim

The simulation platform chosen for the experimental trial under consideration is called
MobiSim. It combines several models operating in interaction with one another (Figure 1).
The individuals in MobiSim come from an artificial population, reconstituted from population
census data from INSEE (Antoni et al., 2011). This is necessary in France because of the
absence of disaggregated demographic data. This artificial population changes through a
microsimulation module of demographic change. This is essential for the modelling of
residential mobility which depends principally on the position of individuals in their lifecycle
(Ioannides, 1987; Dieleman and Mulder, 2002). Annual migrations in and out of the urban
region are also taken into account in the demographic model. The development of the space
occurs through the residential development simulation model. The two models (demographic
change and residential development) influence directly the simulation model of residential
mobility, without the latter influencing the former in return.

The models of daily and residential mobility allow the representation of agent behaviours in

interaction with their environment. From these behaviours emerge the spatial configurations
that influence in turn the different components of the platform at the next iteration. These two
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models interact directly through traffic congestion (depending on the residential location of
agents, traffic flows will rise or fall), and through the integration of accessibility costs in the
simulation of residential mobility.

The MobiSim platform endogenously calculates at each simulation step: the location of newly
constructed buildings; daily mobility patterns (at the individual level including modal choice);
individual transitions (birth, ageing, death); household transitions (couple creation, separation,
child leaving); intra-urban migrations (at the household level).

Exogenous variables have been chosen in order to make it possible to create spatial planning
scenarios (e.g. modification of the public transport system) or context change scenarios (e.g.
strong fuel price increases in the course of time). A series of exogenous variables (also non-
predictable with the model but interesting for testing different scenarios) define the shape and
intensity of residential development: number of dwellings constructed each year, types of
buildings (houses or blocks of flats), dwelling sizes, and local built density.

The following section concentrates on the presentation of the model for simulating residential
migrations based on the MobiSim platform.

2.5 General description of the residential mobility model

Decisions to move are taken by households. A household is considered as an entity within
which decisions are taken in a collegial way. It is assumed that the head of the household
takes decisions taking into account the opinions of the other members of the household.

Each dwelling is characterised by intrinsic characteristics and those of its environment. A
distinction is made between the local residential environment, also known as the
neighbourhood, and the overall residential environment (Timmermans et al., 1992; Dieleman
and Mulder, 2002; Benenson, 2004; Prashker et al., 2008; Devisch et al., 2009). Working on
these three levels of analysis — dwelling, neighbourhood environment and overall residential
environment — makes the link between residential and daily household mobility simpler.

Update of households characteristics
(life cycle)

Satisfaction for Interest of other
current location possible locations

push-pull interaction
Overall Attractiveness of

interest each possible
to move location

Individual
mobility
Probability to
move

push-pull interaction

Choice of a
residential
location

Figure 2. Architecture of the residential mobility model
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The model is based, on the one hand, on the appreciation of each household of the attributes
of the dwelling they currently occupy and, on the other hand, the attributes of dwellings they
could occupy (possible future residential locations) and their respective residential
environments (Figure 2). The dwellings that the household could occupy are the dwellings
currently vacant.

Residential satisfaction (push factors) is characterised by:
e the variables characterising the dwelling: measuring the match between dwelling
characteristics and household socio-economic characteristics;
e the local residential: to measure the quality of life of a household in a given dwelling;
the overall residential environment: simply the distance from the city centre (no
account is taken of accessibility to employment).

The choice factors (pull factors) involve an evaluation of what a household could obtain, what
it might experience in another location. Other locations are considered as imperfectly known,
unlived in and unfamiliar. The majority of the variables representing choice factors are the
same as those pushing households to move (i.e. residential satisfaction factors) however their
role is often different (cf. section 3.2). The literature on individual choice factors (pull factors)
is abundant, but the weighting between factors is poorly understood. Following an in-depth
reading of the literature in the field, however, sufficient elements have been identified to
develop hypotheses and to quantify this aspect of the model. The attributes characterising
local accessibility (shops and services, green space and public transport) have relatively little
importance compared to the attributes of the general environment and, above all, the attributes
of the dwelling. The attributes characterising local accessibility are more representative of
residential satisfaction (push) than choice factors (pull). It should be noted, however, that high
income households show more interest in their residential environment (visible landscape,
similar neighbours) than other types of households when choosing a dwelling (Fernandez et
al., 2005).

When comparing possible residential locations, a household does not assess all the
possibilities in a city. Households have limited knowledge of the opportunities that exist.
Accordingly, the number of residential locations evaluated by households in the model is
limited (Ettema et al., 2011).

Purely economic variables (housing cost, transportation cost and income) are taken into
account at the same time as other variables characterising the lifestyle and stage in the
lifecycle of households. Economic variables are prominent factors but they do not fully
determine individual decisions: a number of studies have shown that preferences and
residential choices are only partially statistically correlated to the socio-economic and
demographic characteristics of households, with the exception of their point in the lifecycle
(Fernandez et al., 2005). They are thus fuzzy constraints, which might be overcome in some
cases.

At the moment of dwelling choice, the constraint of income comes into play in the same way
as other fundamental factors, and necessitates a compromise. Household income is, in
addition, a proxy for measuring the household’s social group and how well it corresponds to
its social environment. The resulting socio-spatial segregation forces those with the lowest
incomes to stay close to employment areas, while also benefiting from good accessibility
based on public transport. Higher social classes prefer centrality, urbaneness, and proximity to
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cultural and landscape heritage. Life cycles play a part in their segregation, introducing a
spatial and temporal dynamic (Charlot et al., 2009).

In accordance with Gérling and Friman (2002), Francescato (2002), and Ge and Hokao
(2006), we also adopted the hypothesis that household lifestyles are independent of income
and socio-demographic characteristics.

The model then allows the calculation of the probability of each household moving and, for
those that do move, the determination of their dwelling choice. For these aspects of the model,
the formalisation was inspired by sociodynamic probabilistic models (Weidlich and Haag
1987; Weidlich 2000-2006). This is an individual centred adaptation (at the scale of the
household and of the dwelling) of the model of Tannier and Frankhauser (2001) and Tannier
et al. (2011). From a general point of view, the propensity of a household to move is a
function of:
¢ its dissatisfaction in relation to its current residential location, which is a function of
the household’s daily mobility, and its socio-spatial use of the space;
¢ the match between its needs and the characteristics of the dwelling it occupies;
¢ the energy necessary to move dwelling: this factor is a brake on the decision to move.
Following the approach of Moles and Rohmer (1977), an individual reacts when the
benefits gained from an action (benefits more or less well understood over the long
term) are discernibly greater than the internal resources that are required by the action;
e an event provoking a residential move (if one is possible): the birth of a child, the
separation of a couple, a change in income, death, retirement.
In our model, following this logic, the propensity of a household to migrate results from a
combination of three variables: residential satisfaction, individual residential mobility (a
function of the stage in the lifecycle) and the general benefit of moving within the city being
considered.

Ultimately, for each year of simulation, the model determines which households will move
and their new residential location (i.e. a dwelling located in a residential environment). Over
time, the characteristics of households change. This engenders a change in their preferences
and their perceptions. At the same time, their residential environment changes (appearance of
new residential buildings, departure and arrival of new households), which alters a
household’s residential satisfaction and the attractiveness of other available residential
locations.

In our model, migration decisions are determined by both individual factors and collective
knowledge. The role of collective knowledge is modelled through the introduction (direct or
indirect, through the daily mobility simulation modules) of context variables: overall
characteristics of the spatial urban structure (access time to town centre, accessibility to
employment), the price of petrol etc. This collective knowledge represents a large part of the
residential choice in the model, notably in the assessment of the overall interest to move
within the urban region under consideration. This brings into play general variables in relation
to the housing market: the quality and quantity of available dwellings. Thus, a household will
be pushed more towards moving if the housing market offers it good opportunities.

The preceding part of the article has allowed us to present a set of hypotheses concerning
household residential choices that are explicit and relatively simple to explain. The next task
is to transcribe these into mathematical form in order to integrate them into a computer
application.
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3. The residential mobility model: formalization

In the model, the complexity comes from the number of variables and their interactions but
the rules generating the dynamics are simple. Rules correspond to disaggregated stylized
facts. The less a phenomenon is known the more it is disaggregated into simple stylized facts.
Then all these simple parts are re-aggregated (using aggregation rules) and linked (using
interaction rules). Aggregation and interaction rules can be imprecise or uncertain.

3.1 Variables
Three sets of variables play a role in the residential mobility model:
H: the household characterized by its socio-economic situation and its life-style;
D: the dwelling; where the currently occupied dwelling is defined as D; and a possible
future dwelling by Dy;
E: the residential environment.

3.1.1 Variables characterizing the household H

Each household is characterized by four socio-economic variables:

Variable | Name Modalities
Hy; income Hj,q: low income; Hyp: medium income; Hy3: high income
H,; age of the household | Haq: younger than 30; Hap: between 30 and 44; Hag: between 45 and 60;

Ha4: older than 60

Hg number of children Heq: none; Hey: one or two children; He: three or more
Hy; househo.lfl H;q: single; Hsp: couple; Hiz: family (with at least one child); Hsy4: single
composition parent family

These variables were chosen because they appear frequently in the literature. The numerous
possible combinations between the states of these four variables make it possible to
distinguish 72 types of household, which maintains a certain degree of heterogeneity in the
modelled residential behaviours.

Two other variables characterize the life-style of the household:
- Preferred transport mode Hy: the household gets about, above all, using a private

vehicle Hiy; the household mainly uses other modes of transport (public transport,
cycling or walking) Hy.

- Type of residential environment H,: household living in a rural residential
environment H,q; household living in an urban residential environment H;».

The type of residential environment H,j allows us to distinguish between a lifestyle mainly

orientated around an appreciation of urban amenities (particularly frequently used shops and
services) and a lifestyle principally orientated around rural amenities (importance of
landscape quality and of being close to natural areas). Initially, a household is characterised
by a “rural” lifestyle H,q when it is located in a rural residential environment and by an

“urban” lifestyle H,» when it is located in an urban residential environment. To determine if

the residential environment of a building is rural, the make-up of land use is assessed in a
radius of 300m around it. An environment is rural if, on the one hand, a certain proportion (at
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least 65%) of the surface is given over to natural or agricultural uses and, on the other hand,
no more than a given proportion (10%) is devoted to industrial uses and parking. An urban
residential environment is simply one that is not rural. When a household arrives in the urban
region under consideration, there is a 0.5 probability of it having previously lived in one or
other of these two types of residential environment.

Concerning the variable H;, when a household makes most of its journeys by car, its lifestyle

is judged to be orientated principally around the use of the car. In the same way, when a
household makes most of its journeys by public transport, cycling or walking its lifestyle is
defined as orientated principally around these modes of transport. MobiSim generates the
number of trips made by a household in a day and the mode of transport used thus permitting
the model to distinguish between a car-based lifestyle Hiy and one based on public transport,

cycling and walking Hip. A household is defined as Hyq if at least a given proportion (2/3) of

journeys is made by car by adult household members. In all other cases, the household is
classified as Hiy.

3.1.2 Variables characterizing the dwelling D

Variable | Name Modalities
Dy dwelling cost Dyq: low cost; Dyy: medium cost; Dyg: high cost
Dgy dwelling size D¢ : one or two rooms; Dey: three or four rooms; De3: five rooms and
more
Dag type of dwelling | Djq: house; Dyy: flat
Dg) occupancy Doq: owner; Dgy: private tenant; Deg: social tenant
status

Dwelling costs are approximate and are estimated using two variables: the floorspace of the
dwelling (70% of costs) and the median income of neighbouring households (30% of costs)
(Baumont, 2009; Bénabou, 1993; Charlot et al., 2009; Décamps et Gaschet, 2013; Nguyen-
Luong and Boucq, 2011; Nicolas et al., 2009). The evaluation of the cost of the dwelling
W(cost) is calculated as follows:

m(cost) = [0.7 x p(cost|floorspace)] + [0.3 x p(costjneighbourhood)]
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, h(cost/floorspace)

number of rooms
in the dwelling

0 2 4 6 Set+

, w(costneighbourhood)

- median income of all households
0= { » within 200m of each dwelling

Third quartile of the distribution of
household incomes in the urban region

Figure 3. Definition of the two variables [L(cost|floorspace) and (cost|neighbourhood).

Where dwellings are classified as being in owner occupation (state 6,), the evaluation of
dwelling costs takes also into account local real estate values per m” in the form of the
variable 0.
u(cost|;) = p(cost)®

Three real estate values are defined for each urban area.

If real estate prices are generally low, & = 3

If real estate prices are average, 0 = 1

If real estate prices are high, 6 = 0.2

For social tenants (state 63), the evaluation of the cost of the dwelling does not take into
account the income of households in surrounding housing.

K(cost|B;) = 0.7 x p(cost|floorspace)

In this way, a socially advantaged neighbourhood does not increase the cost of the dwelling.
Moreover, the evaluation of the maximum cost of housing is at most equal to 0.7 for a large
dwelling.

According to the value of p(cost), a probability mass function attributes to each dwelling a
state for the variable “Dwelling cost” Dy: low k;, medium ., high x; (Figure 4).
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Probability P(k) to be in each state (k,), (k) et (k)

—————— P(k,) probability to be in the state (k;):
low dwelling cost

P(i,) probability to be in the state (k,):
medium dwelling cost

--------------- P(k;) probability to be in the state (i;):
high dwelling cost

: H(cost)
0 02 04 0.6 0.8 1

If the dwelling is the zone 1 of the figure: random drawing attributes the dwelling to one or
other of the states (x,) or (k,) according to probabilities P(k,) and P(x,).

[f the dwelling is the zone 2 of the figure: random drawing attributes the dwelling to one or
other of the states (k,) or (k) according to probabilities P(k,) and P(x,).

Figure 4. Probabilistic definition of dwelling cost

3.1.3 Variables characterizing the environment [E|D] of the dwelling D

At alocal level, the environment [E|D] is characterized by:

¢ the number of shops and services visited daily [Ea|D] and weekly [E.D];

¢ the number of public transport stops [Es|D];

e the distance to the nearest square or park [E4|D] and the distance to the edge of the
urban area [E|D] (at the edge of the urban area a household is judged to have access
to a green and natural environment);

¢ the landscape quality of the residential environment: wooded landscape [Eq|D], built
landscape [Ep|D];

e the proportion of high income households in the residential environment of the
dwelling [Ey|D].

These variables characterise access from the dwelling to local amenities, and its social
environment (Brueckner et al. 1999). Numerous studies have shown that access to shops and
services is a factor in residential satisfaction (Bramley and Power 2009); other studies have
shown that proximity to green spaces and natural areas is also a factor of residential
satisfaction (Kweon et al., 2010).

The average distance to a given set of amenities indicates the proximity of the residents to
those amenities whereas the average number of amenities at a given distance indicates the
supply of amenities in the neighbourhood (Apparicio and Séguin, 2006).

The variable [E|D] (proportion of high income households in the residential environment),
which is often a feature of classic economic models, allows the preference of households to be
close to other households similar to them to be taken into account. We have chosen only to
consider the effect of well-off households in the neighbourhood: a high proportion of well-off
households in the immediate neighbourhood is attractive to well-off households and off-
putting for households of more modest means.
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Various studies have examined more closely the role of the landscape in individual residential
preferences (Kaplan et al., 1989; Ratiu, 2003). Three major methodological approaches allow
the consideration of the landscape environment: the distance between a dwelling and a
particular landscape element (Tyrvdinen and Miettinen, 2000); the composition or the
configuration of the landscape surrounding a dwelling, seen “from above” (Kestens et al.,
2004; Cho et al., 2008); the view from a dwelling of different elements of a landscape seen
“from within” in three dimensions (Cavailhes et al., 2009). In all these studies, there is a
certain recurrence of satisfaction generated by the presence of wooded or “natural” elements
in the residential environment of the individual. In contrast, buildings, roads, and industrial or
agricultural features in the landscape tend to generate dissatisfaction.

At a global level, the environment [E|D] is characterized by:
¢ the cost of access to the urban centre by car [E..|D] or by public transport, cycling or
walking [Ec,D];
e the general access to employment via the road network [Ey.|D] or via the public
transport network [E.|D].
The cost of access to the urban centre is a proxy for the accessibility of cultural and historical
amenities. It is calculated in the following way (in the case of car access):

[EccarlD] = Cdcar ><dcar(JC) + CtH(y) X tcar(JC)
Where Cd..: represents the cost of the distance when travelling by car, Cty, the value of time
for each household (as a function of income), d..(Jc) the distance by car between the dwelling

J and the urban centre c, t..(Jc) the travel time by car between the dwelling J and the urban
centre C.

The general access to employment consists of measuring the cost of access from a residential
location J to each employment area W, combined with the number of jobs in each zone my.
This is calculated as follows (in the case of access by car):
[EwcarlD] — Z myy . e-OC.CcarJW

Where CcarJw represents the cost of the distance between a residential location J to each
employment zone W when travelling by car, and myy represents the number of jobs in each
employment zone. Employment zones are mapped in the form of 50m by 50m cells, each
containing a certain number of jobs.

In the model, households do not seek to minimise their commuting costs: the proximity of
their home to their current place of work is not a factor of residential choice and equally a
change of work place will not provoke a residential move (Lévy, 2009; Carpentier and Gerber
2009). However, in the choice of a new residential location, general access to employment
plays a significant role especially for lower income households. For their part, well-off
households are able to overcome accessibility constraints because their income allows them to
travel easily even when transport costs are high.

3.2 Appreciation levels and weightings
For a given dwelling, each household appraises its attributes and those of the residential
environment. The rules for calculating levels of appreciation reflect the norms, the typical

behaviours, from which are derived the household’s subjective appreciation. The appreciation
values have been established by expert opinion following a detailed analysis of the scientific
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literature in this area. These values have not been derived directly from survey data, but
nevertheless, statistical (or survey) data helped to set realistic value ranges for household
appreciation levels.

Dwelling appreciation values and residential environment appreciation values are treated
differently because the variables concerned are of a different nature: discrete in relation to
dwellings and continuous for the residential environment.

3.2.1 Appreciation and weighting of dwelling attributes

The literature does not allow a value to be attributed to the appreciation of every dwelling
state for every type of household. For this reason, the model considers the relationships
between:

- on the one hand, each state of the different attributes of a dwelling,

- on the other hand, each state of the different characteristics of a household.
Each “characteristic-attribute” pair is considered in the form: Au,j(Dyy).
Taking the example of someone’s age and their status in terms of housing occupation, we

consider the evaluation of each of the four age classes for the two possible housing occupation
states, i.e. renter and owner (Figure 5).

CARACTERISTICS MODALITY
younger than 30 MODALITY ATTRIBUTE
Age of the household | between 30 and 44
between 45 and 60 one or two rooms Dwellin
older than 60 three or four rooms . g
single five rooms and more stze
Household couple low f:ost Dwelling
composition family m.edlum cost cost
single parent family high cost
. none owner
Nu1T1ber of one or two private tenant Tenure
children -
three or more social tenant
Household low income house Dwelling
income n?edl%lm income flat type
high income

Figure 5. Relationships between the state “owner” of the dwelling attribute “tenure” and each of the four
possible household age classes

The values given to the appreciations of the attributes of the current dwelling I are presented
in table 1. They are between 0 and 1 corresponding respectively to a very poor appreciation
and a very good one. Not all cells in the table are filled in because we have chosen to retain
only the most relevant relationships between dwelling attributes and household characteristics
suggested by the literature.
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Attributes of the dwelling

Occupancy

status Type Cost Size
Characteristics of the medium| high small | medium| large
owner| renter | house flat | low cost . - .
household cost cost size size size
younger than 30 1 0.9
30-44 1 0.4
(9]
<
45-60 1 0.3
older than 60 1 0.4
single person
=
.S | couple
2
o
E | famil 1 0.3
§ | family .
single-parent family 0.8 0.7
low 1 0.7 1 0.2 0.05
g | middle 1| os 0.8 0.7 | 005
high 1 0.6 0.05 0.8 0.8 0.05 0.5 1
none 0.6 0.8 0.5
g
=Eftor2 0.1 0.8 0.9
=
o
fa
Z
3 or more 0.05 0.5 1

Table 1. Appreciation of the attributes of current dwelling I
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The value given to the appreciation of the attributes of a potential future dwelling J is
different from those of the current dwelling I: cf. table 2.

Attributes of the dwelling
Occupancy .
status Type Cost Size
Characteristics of the medium| high .| medium| large
household owner| renter| house flat | low cost cost cost small size size size
younger than 30 0.2 0.9
30-44 0.7 0.4
(7]
<
45-60 0.9 0.4
older than 60
single person 0.2 0.8
.5 couple
[=F
£ family 0.7 0.3
O
single-parent family 0.3 0.7
low 0.05 | 0.95 1 0.2 0.05
& middle 08 | 07 08 | 07 | 005
high 1 0.3 0.05 0.8 0.8 0.05 0.5 1
none 0.6 0.8 0.5
g
=ZEltor2 0.1 0.8 0.9
=
o
fa)
Z
3 or more 0.05 0.5 1

Table 2. Appreciation of the attributes of each potential future dwelling J

Not all attributes have the same importance in the eyes of a given household. Their
importance also depends on household characteristics. For example, the importance of the
size of a dwelling will potentially be different for single persons or single parent families. In
contrast to appreciation, it is the attributes of dwellings themselves that are concerned and not
their states (Figure 6).
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CARACTERISTICS MODALITY
younger than 30
Age of the household | between 30 and 44
between 45 and 60
older than 60
single
Household couple
composition family

ATTRIBUTE

Dwelling
size

single parent family

none
Number of -
. one or two
children
three or more
low income
Household T
. medium incom
income ,e - ome
high income

Dwelling
cost

Tenure

Dwelling
type

Figure 6. Relationships between the dwelling attribute “housing cost” and each of the four household
compositions

Weighting of a dwelling attribute Dy for household H is noted: wu(Ds). As for appreciation,
weightings of the attributes of the current dwelling I and those of the potential future dwelling
J are different: cf. tables 3 and 4.

Attributes of the dwelling

Characteristics of the

household Occupancy status Type Cost Size
younger than 30 Moderately important
o |30-44 Important
oo
<
45-60 Important
older than 60 Very important
single person
5
2 | couple
(]
(=9
E |family Important
@)
single-parent family Moderately important
low Moderately important Very important
%]
E
2 middle Important Very important
high Moderately important Moderately important Very important
5 [none Of little importance
S
% lor2 Important
0
Z |3 or more Important

Table 3. Importance of attributes of current dwelling I
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Attributes of the dwelling

Characteristics of the
household

Occupancy status

Type

Cost

Size

younger than 30

30-44

Age

45-60

older than 60

Important
Moderately important

Important

single person
couple

family

Composition

single-parent family

Important

Important

Important

low

middle

Income

high

Very important
Moderately important

Moderately important

Very important
Very important

Important

Very important

none

lor2

Nb children

3 or more

Of little importance
Important

Important

Table 4. Importance of attributes of possible future dwelling J

To quantify the weightings attributed to different attributes, we use the pairwise comparison
of Saaty (1977, 1990). The importances of attributes (Table 4) are first compared pair by pair
according to Table 5.

Pair comparison Weighting 0o g
A and B are of equal importance 1
A is slightly more important than B 3
A is moderately more important than B 5
A is clearly more important than B 7
Intermediate values 2,4,6

Table 5. Weightings associated to the importance of an attribute A compared to the importance of an
attribute B
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Table 6 gives an example of determining the relative weighting of three criteria (X, Y, Z) by
pairwise comparison. Because criterion X has less weight than criterion Y, X is given the

weighting Xy = [1/0‘)YX]'

Weighting of one criterion compared Weighting for the first Weighting for the second
to another criterion compared to the criterion compared to the
second first
Y has a slightly higher weighting than X | oy x = 3 OxY = 1/3
Z has a weighting equal to or slightly 07x =9 Ox7 = 1/2
greater than X
Y has a slightly higher weighting than Z | @y, -3 07y =1/3

Table 6. Example of determining the relative weighting of three criteria (X, Y, Z) by pairwise comparison

From this table, a matrix comparing weightings is created ((X, Y, Z) in lines and in columns;
XX = 0yy = 0zz =1).

1 1/3 1/2
3 1 3
2 1/3 1

The calculation of the eigenvector for this matrix gives the weight ® to each criterion:
®x=0.16, ®y=0.59 and w7z=0.25. In certain cases, rather than the weight ® of each criterion,
we use the weight w corresponding to the eigenvector values multiplied by the number of

attributes considered (equal to 3 in the above example) (cf. section 3.3), which gives:
wx=0.48, wy=1.77 and wz=0.75.

Values of appreciation and weighting intervene jointly in the evaluation of a given attribute of
a dwelling D. Taking the example of the attribute A (housing type: house or flat) of dwelling
D for a young household (a;) with one or two children (c): for a young household (a;), living
in a house rather than a flat is not of great importance, but, given the presence of children (c,),
the importance given to living in a house is quite high. Thus: w.1(D)) < wep(Di)). The

satisfaction gained from living in a house (A;) will thus arise from the number of children in
the household and not its age: su(Di1) = Aucp(Dng).

If, on the other hand, the household had attributed as much importance to attribute A because
of its age a; as because of the number of children ¢, in other words wa1(Dy)) = wcp(Drp ), then

attribute A; of the dwelling would have been judged according to the characteristics with the
lowest appreciation: sy(Dn.1) = MIN [An1(Dn) » Aucp (Dnp) 1

3.2.2 Appreciation and weighting of the attributes of residential environment

In contrast to dwellings, values for the appreciation of the residential environment are
identical for all households, with two exceptions (see Figure 7). In the same way, the
household appreciation functions in relation to the attributes of the future residential
environment and for its current residential environment are identical. It is the importance
given in one case or another to each attribute that generates a difference in appreciation. For
example, the variables characterising access to local amenities are less important in the choice
of a new residential location [E|D;] than those determining satisfaction with the current
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residential environment [E|D;]. The weightings of the attributes of the residential environment
of current dwelling I and of possible future dwelling J are presented in Appendix 2. They are
quantified using the same pairwise comparison as that used for calculating the weightings of
dwelling attributes.

In the composition of residential environments, two types of facilities are distinguished
according to how often people potentially use them: facilities that are used daily -shops and
services (butchers, bakers, schools, newsagents and super- or hypermarkets), parks and
squares; facilities that are used weekly- shops and services (car repairs, hypermarkets-
supermarkets, doctors, mini-markets, pharmacists, post-offices, cafés) and countryside (urban
boundary).

A distance threshold of 400 m for evaluating the accessibility to shops and services used daily
corresponds to thresholds found in the literature, in particular (Kweon et al 2010; Handy et al,
2005; Cao et al 2009; Fobker et al., 2006; Jago et al, 2005; Forsyth et al., 2008; Hoshino,
2010). The distance threshold of 2km for evaluating the accessibility to shops and services
used weekly is mainly based on the empirical knowledge of experts (people working in
French local or national planning agencies), who usually consider a maximum distance of
2km an acceptable commuting distance by bike. Distances are calculated as the crow flies.

As far as the urban boundary is concerned [E | D], a household will be willing to make a
much longer trip to reach it if the car is used in preference to public transport, cycling or
walking. The urban boundary is defined as the envelope (limit) of different built-up zones
present in the study area. Certain built-up zones can be very spread out, corresponding to the
central urban area of an agglomeration. Other built-up areas can be very small, in the case for
example of small groupings of houses at the edge of a town. In MobiSim, the envelope of
each built-up zone is identified using the method presented in Tannier et al. (2011). For the
urban area of Besancon, this method identifies a threshold of 276m as the maximum distance
between buildings defined as belonging to the same built-up zone: all buildings within 276m
of each other are regarded as being part of the same built-up zone.

As far as landscape quality variables for the residential environment are concerned, studies
carried out in a periurban sector of Besancon have quantified the role played by certain
features of the landscape in personal residential satisfaction (Youssoufi and Foltéte, 2013). A
thousand households were questioned about their degree of satisfaction with the landscape,
and the study revealed the importance attributed by individuals to the amount of woodland
within 1700m of their home and to the amount of residential buildings within a distance of a
100m. The presence of woodland is viewed positively, but the presence of other housings is
viewed negatively. An important point to bear in mind is that satisfaction in relation to
landscape features does not depend on social class.
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Figure 7. Appreciation of local residential environment attributes
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Figure 8. Appreciation of the attributes of the overall residential environment

The rules for the appreciation of variables characterising the overall residential environment
(cost of access to the urban centre by car [E..|D] or by public transport, cycling or walking
[EqD]; general access to employment by road [E.../D] or using the public transport network
[Ewx|D]) are fixed in relation to the accessibility of all individuals in the study area in its
initial state. The minimum and maximum values of appreciation functions correspond,
respectively, to the first and third quartiles of the distribution of access costs calculated from
simulated daily mobility levels at the outset of the simulation (Figure 8).

3.3 Satisfaction and interest of a household H for residential locations I and J

The objective here, is to formalise the satisfaction that each household gains from its dwelling
and its current residential environment I, as well as the interest held for each potential future
residential location J (Figure 9).

3.3.1 Su(I): residential satisfaction of the household H in its current location I

The current residential satisfaction of a household at time t, has two aspects: satisfaction with
the residential environment Sy[E|D;] and satisfaction with the dwelling Su(D:) (Figure 9). The
main motivations for moving are in reality subject to a degree of variation, but are generally
linked to the characteristics of a dwelling (size and comfort), the desire to move from a flat to
a house, the desire to purchase a dwelling, and, finally, the desire to leave a currently poor
residential environment (Dieleman et Mulder, 2002; Onaka et Clark, 1983; van Ommeren et
al., 1999). These arguments are the basis for giving a weighting of 0.6 to the dwelling and 0.4
to the residential environment.

Current household satisfaction with a dwelling Su(Dy)

Household satisfaction for a current dwelling corresponds to the dwelling attribute that is the
least satisfying taking into account its appreciation and the weight attributed to it by the
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household (Yager, 1977). Reminder: according to the type of household, only certain dwelling
attributes enter into the calculation of dwelling satisfaction (cf. section 3.2.1).

Current household satisfaction with a residential environment Su[E|D;]

This is calculated from the average of the values given to the appreciation of attributes in the
residential environment weighted by the weight ® of each attribute. Thus, it is assumed that
certain negative aspects of the household residential environment are balanced by other
positive aspects.

Update of households characteristics

l (life cycle) l

Satisfaction for current location | Interest of other possible locations J
—— Su(l) =1(0.60 x Sg(Dy))+ (0.40 x Sy [E/Dy]) Up(J) =(0.75 x U (D)) + (0.25 x Uy [E/Dy])
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Figure 9. Formalisation of the model

3.3.2 Interest Un(J) of residential destination J for the household H

The interest for the residential location J for household H is a measure of what the household
could gain, what it could experience in the location J which is different to what it currently
experiences. This calculation of interest uses the same individual characteristics and the same
dwelling attributes as those used in the calculation of current residential satisfaction. The
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attributes of the residential environment taken into account are, in part, different. Moreover,
the importance each household gives to the characteristics of the dwelling is higher (0.75)
than in the case of satisfaction (0.6). The importance given to the residential environment, on
the other hand, is lower (0.25). These weightings correspond to the values generally found by
studies of revealed preferences that consider, for French urban areas, the variables
determining house prices (Baumont, 2009; Bénabou, 1993; Charlot et al., 2009; Décamps et
Gaschet, 2013; Nguyen-Luong et Boucq, 2011; Nicolas et al., 2009).

Interest Uy(D,) of the dwelling D; for the household H

The interest of dwelling D; for household H is calculated as the average of the appreciations
given to each dwelling attributes, weighted by their weight ®. Thus, it is assumed that certain
negative aspects of the dwelling are balanced by other positive aspects. This cancelling effect
comes into play here, but does not play a role in the calculation of overall satisfaction with the
original dwelling D,. The household thus compares different potential locations J whereas it
only evaluates a single origin I. It is assumed that the household makes a compromise
between the different attributes of each possible location J by comparing them, whereas it
makes no compromise between the different attributes of its location of origin I. Thus,
household H has a pessimistic attitude (is demanding) in relation to its current dwelling I and
an optimistic attitude towards dwellings in location J. This may seem counter-intuitive, but in
this way we are modelling the fact that it is often a particularly unsatisfying attribute of a
current dwelling I that will push a household to move.

Interest Uy[E|D,] of the residential environment E; for the household H

This value is the average of the values given to the appreciation of residential environment
attributes weighted by the weights ® of each attribute. In this way, we assume that certain
negative aspects of the residential environment of the household are balanced by other
positive aspects. Car based access to employment E,..: or access by public transport E.,, enter
into the calculation of the interest with regard to the residential environment Uy[E|D,] but do
not enter into the calculation of satisfaction with regard to the current residential environment
SulE|Dy].

3.4 Push-pull attractiveness of each destination Y;(H)

Yu(H) represents the attractiveness of a given residential destination J. It is a push-pull
indicator resulting from the confrontation between the current residential satisfaction Sy(Dy)
and the interest of the residential destination Uy(D;). Negative values of attractiveness are
excluded: when the satisfaction is higher than the interest, the attractiveness Y(H) is equal
to 0.

3.5 Individual mobility @y of the household H

The individual mobility @u of a household measures the individual propensity to move. It
represents the moving behaviour of a household confronted with its current situation. It
strongly depends on the situation of the household in the family lifecycle. Thus, we know that
all sources of dissatisfaction being equal, a young household will have a greater propensity to
move than an old household or one with a large family. Residential mobility, therefore,
represents a relationship between the current residential satisfaction of a household Sy(I) and
its desire to move. This relationship varies according to household characteristics (age and
number of children). In this way the fact that, for an equivalent level of residential satisfaction
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and independent of all other factors, old households are clearly less mobile than young or
middle-aged households is represented.
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Figure 10. Relation between satisfaction S and individual mobility ¢

French inter-commune residential migration data (INSEE MIGCOM 2008 in which the level
of inter-communal migration is calculated based on the location of households in 2003 and in
2008) allows the identification of five types of household with different levels of individual
mobility; each of these five types corresponds to a different individual mobility variable @y in
the model (Figure 10). These variables have been defined by varying the parameter o in the
calculation of @u. Cf. Figure 9 — o equal to 0.4 for the most mobile households (households
younger than 30 with children), 0.3 for households younger than 30 without children, 0.2 for
households between 30 and 44, 0.1 for households between 45 and 49 and 0.05 for the least
mobile (older than 60) —the value of parameter § remains constant (§ = -10).

3.6 Overall interest to move within the urban region M;;(H)

The overall interest to move represents the expected benefit from moving for a given
household type, in the urban region considered. It takes into account all the attractive
dwellings in the urban region. The more numerous the attractive dwellings, the more chance a
household will have to improve its residential satisfaction, and thus an interest in moving.

A dwelling judged “interesting” here is a vacant dwelling with an attractiveness value greater
than 0. Among the vacant attractive dwellings, only a certain number nj are known to the
household (or visited). In this way the household’s imperfect knowledge of the housing
market is represented. The median of attractiveness values vj is calculated for the nj known
dwellings. The overall interest to move M1j(H) corresponds to the appreciation of the value v,
for household H with respect to attractiveness values Yy, of all the households in the urban
area. If the median attractiveness value vj of nj dwellings known to the household is high,
then the appreciation will be good (close to 1) and will represent a strong interest to move;
otherwise it will be poor (close to 0) and the overall interest to move will be low. The
calibration of the model allows the value v; to be fixed in such a way that the variable M1j(H)
is equal to 1 (cf. section 4.5).
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Figure 11. Variable defined for the calculation of the overall interest to move
3.7 Probability to move Q,;(H)

The probability to move of a household is crucial in our model. It represents unknowns that
play a role in the choice to move, in addition to the known choices. Since these are unknowns;
they can only be estimated. This probability depends jointly on two independent terms: the
overall interest to move My(H) and the individual mobility ¢@u. A household is thus more or
less pushed to leave location I and at the same time more of less attracted by a group of other
known locations J (but not by a specific J). Because we consider the satisfaction with the
current dwelling I through @y and the global interest of possible destinations J via M;(H), the
probability to move Q;(H) is a combined push and pull variable.

The values Q;(H) (probability of the household H to leave I) and 1- Q,(H) (probability of the
household H to stay in I) define the probability mass function of the events “moving” and
“not moving”. On this basis, the computer application makes a Random Drawing according to
the defined probability mass function, which determines the realization of one of the two
events.

As far as this formalisation is concerned, a household for which the highest attractiveness of a
residential destination is very low may still move while a household for which the highest
attractiveness of a residential destination is very high may nevertheless not move.

3.8 Choice of a residential destination ¥';(H)

Once a household moves, it chooses its new residential location. For this, it simply identifies
the most attractive location J among the nj dwellings visited with respect to its actual
location I.

4. Quantification of variables for the ‘Business as usual’ scenario

This quantification is an important stage in the experiment: the values must be realistic in
order for the results of the simulation to be useful for planning and at the same time fixed
using a consistent and reproducible protocol to be acceptable to researchers.

The ‘Business as usual’ scenario simply extends existing trends from 2010 to 2030. The initial
situation in 2010 is defined using socio-economic data characterizing individuals, households
and dwellings at the level of neighbourhoods (in intra-urban zones) and communes (in
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periurban zones) (Source data: INSEE population census, 2009). These data are used to
generate an artificial population of individuals and dwellings. Individuals are grouped into
households and located into dwellings in accordance with the statistical data distribution at the
scale of neighbourhoods and communes.

Very detailed cartographic data (vectorial maps) are used to represent the spatial configuration
of the study area in 2010:

® existing buildings, characterised by their use (residential, industrial, commercial or
other), are represented as polygons (BD Topo® IGN, 2010);

e areas where building is not permitted are also represented as polygons: protected
countryside areas and groundwater protection areas (Source : DREAL, 2009), steeply
sloping areas (BD Topo DEM® IGN, 2010), bodies of water (BD Topo® IGN, 2010),
flood zones (Ministére de 1'Ecologie, du Développement Durable et de 1'Energie —
http://cartorisque.prim.net/, accessed August 2012);

e parks and squares equate to green spaces greater than 2500 m? in area (to exclude
private gardens) identified in the layer “Vegetation" of the BD Topo IGN 2010. Only
green spaces within the built-up area are considered as parks and squares;

¢ the network of roads and paths (lines — BD Topo® IGN, 2010) includes the functional
characteristics of the segments (capacity, speed restriction, traffic direction, sinuosity,
slope); the bypass known as “les Mercureaux” has been included although in reality it
only opened to traffic in 2011;

¢ the public transport network (bus, tram and local trains) is represented by stops
(points) linked to their timetables (data entered manually from plans supplied by the
intercommunal authority of the Greater Besancon area).

e economic activities (factories, shops, services etc.) correspond to establishments in the
SIRENE INSEE database 2012 (geolocated to postal address for this study), classified
according to activity type and number of employees.

Using existing (cartographic) or simulated data (simulated population of individuals,
households and dwellings), dwellings and economic activities were associated with the
buildings. The daily individual mobility simulation model was then calibrated for this initial
state using data from the urban mobility survey 2004/2005 (Grand Besancon, INSEE, CERTU
method).

The changes integrated into MobiSim for the ‘Business as usual’ scenario for each year of the
simulation, from 2011 to 2030, are as follows:

- trend based simulated demographic change;

- household characteristic changes (age, number of children, and composition).
Household income changes endogenously through the change in the composition of
the households (unions, separations, births, deaths) but the income of individuals does
not change. Household lifestyles change endogenously according to changes in their
residential environment (urban or rural) and/or changes in the preferred transport
mode (car or public transport, bike and foot);

- changes in housing supply (residential development);

- fuel price increases;

- introduction of the tram in 2015, changes in the bus network and creation of two new
rail stops.
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Certain variables remain unchanged during the simulation:
- the number and location of jobs, shops and services does not change;
- the calculation of housing costs is based on the observation of the outcomes of the
housing market as it is now;
- household choices in relation to housing and daily mobility behaviour remain
unchanged throughout the simulation.

4.1 Variable settings for the residential migration model

Household income Hy;

The distribution of all household incomes at the outset of the simulation gives a first quartile
at 16,944 euros and a third quartile at 35,973 euros. On this basis, household incomes are
divided into three classes as follows: low income: less than 16,944 euros (y:); middle
incomes: from 16,944 to 35,973 euros (y>); high income: over 35,973 euros (ys).

Housing costs
To quantify the parameter & used in the calculation of housing costs, we have used the
database www.meilleursagents.com (accessed December 2013). This database allowed us to
identify three housing price levels for Besangon:

low housing price: below 1660 euros per m?;

medium housing price: between 1660 and 1850 euros per m?;

high housing price: over 1850 euros per m’.
The function p(costjneighbourhood) (cf. Figure 3) sets housing costs according to the social
neighbourhood. The median income of all households within 200m of each dwelling is
calculated for the simulated year 2011. The third quartile of this distribution of median
household incomes is 31260 euros. Above this value the dwelling is considered as being
situated in a socially advantaged neighbourhood.

Appreciation of the overall residential environment

The simulation of daily mobility at the model’s initial state allowed us to fix the values of the
thresholds corresponding to the 1st and 3rd quartiles of the distributions of access costs for all
individuals in the study area (Figure 12).
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Figure 12. Settings for the appreciation of attributes of the overall residential environment
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Overall interest to move M;;(H)
The number nj of dwellings visited by each household is fixed at 30. The value of the variable

My (H) = 1 is the median of the distribution of attractiveness values Y ;,(H) for all households
in the agglomeration at the outset of the simulation, which is 0.12 for the agglomeration of
Besancon in 2010 (Figure 13).
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Figure 13. Quantification of the variable for calculating the overall interest to move My;(H)

4.2 Setting values for residential development

The settings chosen relate to the recommendations in the SCoT (Territorial Coherence
Framework, 2011) and the PLH (Local Housing Plan, 2010). For the whole area, 850
dwellings are built a year; of these 35% are houses and 65% are flats. Houses have 5 or more
rooms. Flat sizes are divided as follows: 10% one room, 20% two rooms, 25% three rooms,
25% four rooms and 20% five (or more) rooms. The distribution according to dwelling type is
shown in the table 7.

Dwelling type Occupancy status

house owner-occupier 35%
private renter 8%
social renter 0%

flat owner-occupier 20%
private renter 21%
social renter 16%
TOTAL 100%

Table 7. Distribution according to type of dwelling and occupancy status

At the local level, 500 dwellings are built each year within the city of Besangon; 350
dwellings are built each year in periurban zones distributed in proportion to the population of
each ‘commune’ in 2010. In the city of Besangon, 14% of dwellings are houses and 86% are
flats. Outside Besangon city, 100% of dwellings constructed in very small communes are
houses, compared to 90% in small communes, 86% in medium-sized communes and 80% in
medium-sized communes appropriate for social housing construction.
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4.3 Other settings
4.3.1 Demographic changes

Within MobiSim demographic changes are simulated using a microsimulation model
(Figure 1). Demographic microsimulation models can simulate the renewal of socio-economic
characteristics of a sample of individuals and households over the long term, using a
combination of deterministic behavioural rules and random selection. This approach favours
individual heterogeneity over the idea of the representative individual (Bonnet et al. 1999).
The first demographic microsimulation model was DYNASIM (Orcutt et al. 1976), and this
type of model was widely adopted (van Imhoff and Post 1997; Murphy 2003; Holm et al.
2006; Zaidi and Rake 2001; Morand et al. 2010; Ravulaparthy and Goulias 2011;
Chingcuanco and Miller 2013). The principal difference between the different types of
demographic model resides in the level of disaggregation used when applying probabilities.
Certain models consider individuals (Wegener 1985; Chingcuanco and Miller 2013), while
others only consider households (Cornelis et al. 2012). In all cases, the microsimulation
involves disaggregated data inputs for the model and generates disaggregated output data.

The demographic microsimulation model used in MobiSim is a retake on INSEE’s Destinie
model (Bonnet et al. 1999). The unit of reference is the individual: individual changes are
modelled and, through the links between individuals, household changes are generated. The
demographic events modelled in MobiSim were chosen on the basis of their impact on
household residential needs:

e ageing,

e leaving the parental home,

e forming a couple,

e separation of a couple,

e birth,

e death.
Migration (entering and leaving the area) is also incorporated, in order to simulate the general
population dynamics in the area.

All probabilities are applied to individuals with the exception of separation probabilities
which are applied to “couples”, affecting both individuals in a household in the same way, and
migration probabilities which are applied to households. The simulations are iterative: the
probabilities are applied to each agent (individual or household according to the event
simulated) according to their situation at the end of the previous iteration to update their
situation at the next iteration. Table 8 summarises the different demographic events modelled
in MobiSim.

Event Factor determining Formalisation Impact on the Data used
the event household
Birth Age of mother, Probability Modification of | Family history survey
number of children characteristics [(1999 - INSEE)
Death Age Probability Change or Death rates (2008 -
removal INSEE)
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Leaving Age Probability Change Ad hoc calibration
home
Couple Marital status, sex, | Probability and minimisation of | Creation of a Family history survey
creation age, age at end of difference between age and age at | household (1999 - INSEE)
studies the end of studies for members of
a couple
Separation | Marital status, Probability Change and Divorce rates 2009
duration of union creation (INSEE)
In-migration | Marital status, age of | Probability Duplication of | Inter-communal
household an existing migration MIGCOM
representative household (2008 - INSEE)
Out- Marital status, age of | Probability Removal of a | Intercommunal
migration | the household household migration MIGCOM
representative (2008 - INSEE)

Table 8. Demographic events modelled in MobiSim

In the context of this trial, we use the demographic change simulation model to make a
demographic projection by extrapolation up to 2030. Such a projection is based on a single
hypothesis, that the future will be a continuation of the past. This is a strong assumption and
rather risky, as we know that demographic changes are dependent on economic, social and
political changes or even changes in public health, and that they can happen rapidly (Booth
2006). The main characteristic of the extrapolation is thus to continue existing tendencies
without taking into account any exogenous variable, and thus the simulation makes no claim
to predict future demographics.

In concrete terms, for the calibration of the model we consider that fertility, mortality and
migration rates taken from the different surveys available remain constant over time. Thus,
the principal trends modelled are a faster growth of household numbers than growth in
population, a growth in the share of single person households and a growth in the proportion
of households over 60.

We have extrapolated the linear trends from two national censuses (INSEE) in 1990 and 2009.
We are primarily interested by the total population and total number of households, as well as
the numbers of different types of household (Table 9). The rate of change in the population
projected over 20 years (2009-2029) is 9.09%; the rate of change in household numbers is
25.62%; the number of people per household in 2029 is 1.84. The calibration of the
demographic microsimulation model allows us to come close to these values. The simulated
rate of change in population over 20 years (2010-2030) is 8.84%; the rate of change in
household numbers is 23.34%; the simulated number of households in 2030 is 1.86.
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RGP INSEE Annual breakdown Linear Change simulated

of growth projection for with MobiSim for

1990 2009 1990-2009 2029 2030
Population 161730 177016 805 193107 192668
Households 63376 83766 1073 105229 103319
Single person households 19924 36571 876 54094 55920
Couples without children 13132 19343 327 25881 20298
Couples with children 22844 17964 -257 12827 15370
Single parent families 5424 7061 86 8784 7974
Not in households 2052 2825 41 3639 3757

Table 9. Extrapolated demographic trends: projection and simulation

To generate migration in and out of the study area, the probabilities of arrivals and departures
from the study area were calculated using INSEE MIGCOM 2008 data, which allows a
comparison of the residential situation of households in 2003 and 2008. The first step consists
of defining, for each family state, the proportion of households leaving the study area each
year, and in parallel the proportion of households arriving in the study area (Table 10). These
proportions were applied to the initial MobiSim artificial population (in 2010). The second
stage involves the regrouping of MIGCOM data according to five year age cohorts, for each
family state, so as to establish a frequency distribution of in and out-migrants by age cohort
(Table 11). The MobiSim simulation of a new arrival in the agglomeration involves the
duplication of an existing household in the same age cohort with same family state. A
departure from the agglomeration involves the removal of a household from an age cohort and
family state chosen randomly according to the probability distributions of Tables 10 and 11.

Type of household Probability of out:iiagration from study|Probability of in—rélllrifaration to the study

Single person household 0.0322178875 0.0575248333
Single person in shared

dwelling 0.0449217238 0.088481443
Couple with children 0.0452642276 0.0309270621
Couple without children 0.034122983 0.0266178718
Not in a household 0.0329353277 0.0824155632
Single parent household 0.0195002444 0.0259717646

Table 10. Probabilities of in- and out-migration of households for the study area according to type of
household.

Five year age bands Distribution by age band
15 0.7116948616
20 16.0679569508
25 118.6651468244
30 261.8274919661
35 185,2466788835
40 101.9706805297
45 67.3822827444
50 34.8904171554
55 18.4073847574
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60 5.3361504497

65 0.9341313264
70 1.5748566702
80 0.2022400875

Table 11. Distribution of frequencies by age band: example of couples with children leaving the study area
each year

4.3.2 Fuel price increases

The price of a barrel of oil used in the simulation is 78% (2009 dollars) in 2010 and reaches
123.2$ in 2030 (projection for the reference scenario, U.S. Energy Information
Administration, International Energy Outlook 2011, DOE/EIA-0484(2011)). Based on figures
proposed by the consultancy ADETEC (http://www.adetec-deplacements.com/ Accessed
December 2012), the real cost of using a car is 0.34€/km; fuel costs represent 30% of this
figure.

5. Simulation results for the ‘Business as usual’ scenario

MobiSim involves a series of random draws. Consequently, for multiple simulations of the
same scenario, moving households are not always the same and simulation results may vary.
Considering this, a stability analysis of the model has been performed for a hundred
replications of the same simulated scenario (a paper dedicated to the presentation of the
stability and sensitivity analysis of the model is currently in preparation). This analysis has
showed that the simulation results are stable: the variation within the simulation results
obtained for the hundred replications of the same simulated scenario was lower than 3% in
2030, whatever the variable considered (average residential satisfaction, number of moving
households, share of migrants from the centre city to periurban areas...). Moreover,
calculating the average of simulation results for only ten replications of the same scenario
gives reliable results at an aggregated level (e.g. Besangon versus periurban areas or large
neighbourhoods) (Hirtzel, 2015). Accordingly, results presented in the following part of the
paper are based on the average of the simulation results for ten replications of the ‘Business as
usual’ scenario on the one hand (current section), and of the ‘Pro-active housing construction
policy’ scenario in the city of Besancon on the other hand (next section).

5.1 Overall results

We begin with the presentation of simulation results taking into account all households of the
urban region. Figure 14 shows an annual moving rate of 18% at the initial state of the
simulation, which is high compared to the rate of 13.7% in 2005 given by local data (Source:
Local Housing Plan, 2005). However, this moving rate decreases in the course of the
simulation and becomes stable around 15% in the simulated year 2020. Hence, the simulated
moving rate seems to be realistic except for the first simulated years.
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Figure 14. Scenario ‘Business as usual’: annual rate of households moving within the urban region
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Figure 15. Scenario ‘Business as usual’: evolution of the number of inhabitants and households

The number of both inhabitants and households increases in the course of the simulation in
Besancon and in periurban areas (Figure 15). The number of inhabitants only increases during
the first ten simulated years in periurban areas whereas it only increases during the last ten
simulated years in Besancon. The number of households increases regularly during the whole
simulation period. This increase is stronger for Besangon than for periurban areas.
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Figure 16. ‘Business as usual’ scenario: migration flows within the urban region. NB: the number of
migrants has not been calculated for the year 2015 because of the suspension of the simulation for the
introduction of the tram system at that date.

Most moves occurring each year within the urban region take place within the municipality of

Besancgon (Figure 16). But more households leave the periurban areas to move to Besancon
than vice versa.
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Figure 17. Scenario ‘Business as usual’: vacancy rates of dwellings

The vacancy rate of dwellings changes a lot during the first simulated years: it increases quite
sharply in periurban areas and decreases in the same proportion in Besancon (Figure 17).
Then after this peak the overall tendency is a decrease. After 2020, the vacancy rate in
periuban areas is about 6%, which reflects a situation described as ‘normal’ by specialists in
the field: a percentage of unoccupied dwellings is necessary for the housing market to operate
correctly (Source: SCoT du Grand Besangon, 2011). In Besancon, however, the simulated
vacancy rate is too low, especially at the end of the simulation time but even at the beginning.
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Figure 18. Scenario ‘Business as usual’: evolution 2011-2030 of average residential satisfaction.
Overall residential satisfaction of households is on average higher in Besancon than in

periurban areas. In periurban areas, residential satisfaction increases from 2011 to 2020; then
it decreases. This may result, at least partly, from the increase of fuel price.
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Figure 19. Scenario ‘Business as usual’: distribution of households’ income (in euros) according to the
occupancy status of their dwelling. This graphical representation of statistical measures of dispersion is
inspired from E.Tufte’s alternative to the classical box and whiskers plots (Tufte, 2001). The black dot represents
the median; the ends of the thick lines towards the black dot are the lower and upper quartile, respectively; the
ends of the dotted lines towards the borders are the minimum and maximum values unless these values exceed
1.5 times the inter-quartile range (distance between the lower and upper quartiles). Outliers outside 1.5 times the
inter-quartile range are not represented.

Owners often have higher incomes than the other types of dwelling occupiers (Figure 19).
About 25% of the owners, however, have low incomes. The distribution of incomes of
households living in social dwellings is the lowest but incomes of private renters are often
similarly low. Incomes of households are generally higher in periurban areas than in
Besancon, especially in the case of social renters and private renters. Income distributions
within dwelling occupancy status groups do not change in the course of simulation, except for
a decrease among periurban private and social renters.
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Figure 20. Scenario ‘Business as usual’: location of socially rented dwellings. Thick black line: limit of the
city of Besangon.
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Figure 21. Scenario ‘Business as usual’: location of privately rented dwellings. Thick black line: limit of the

city of Besangon.

The spatial configuration of dwelling offer does not change a lot in the course of simulation:
rented dwellings (private or social renting) remain concentrated in the city of Besancon
(Figures 20 and 21); while owner-occupied dwellings are distributed more uniformly in the
whole urban region (Figure 22). In the course of simulation, the number of owner-occupied
dwellings increases much more than the number of rented dwellings (private or social
renting), both in Besancon and in several periurban communities.
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Figure 22. Scenario ‘Business as usual’: location of owner-occupied dwellings. Thick black line: limit of the
city of Besangon.

All these results suggest that the model reproduces quite well the differences between
Besancon and the surrounding periurban areas taking into account local specificities: in
particular the concentration of population and rented dwellings within Besangon. The
evolution of two variables crucial in residential dynamics (moving rates of households and
vacancy rates of dwellings) seems to be realistic, except for the first years of the simulations.
Such instability at the beginning of the simulation period is common when modelling
complex systems: it often takes some time for the simulated dynamics to become stable.
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5.2 Focus on middle- and high-income households with children
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Figure 23. Scenario ‘Business as usual’: distribution of incomes of target households (in euros).

The income of couples with children is in general much higher than the income of single
parent families (Figure 23). As a result, these two types of household (referred to here as
target households) are the focus of the analysis which follows. The income distributions of
one-parent families and couples with children are the same in Besancon as in periurban areas,
whereas this is not the case for all households. The income of couples with children declines
slightly over the years of the simulation while the income of one-parent families remains
more or less constant over time.
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Figure 24. Scenario ‘Business as usual’: evolution of the number of target households

Overall, the number of couples with children diminishes in the study area (Figure 24). This
decline affects Besancon first, during the first ten years of the simulation, then the periurban
areas from 2020 onwards. In 2030, at the end of the simulation period there are almost as
many couples with children in periurban areas as there are in Besancon, when the numbers
were higher in Besancon at the beginning of the simulation. In the middle of the simulation
period, the number of couples with children is even higher in the periurban area than in
Besangon. The trend is quite different for one-parent families, significantly more numerous in
Besancon than in periurban areas. Over time, one-parent household numbers remain broadly
stable in Besancon, and rise slightly in periurban areas.

Figure 25 shows that the number of couples with children increases between 2012 and 2030 in
around twenty periurban communities compared to only five neighbourhoods in Besangon. In
Figure 26, however, the rises and falls in one-parent family numbers are fairly evenly
distributed across the whole of the study area.
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Figure 25. Scenario ‘Business as usual’: location of couples having at least one child and middle- and high-
income. Thick black line: limit of the city of Besangon.
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Figure 26. Scenario ‘Business as usual’: location of single parent families having middle- and high-income.
Thick black line: limit of the city of Besangon.
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Figure 27. Scenario ‘Business as usual’: average satisfaction of target households. NB: the scales of Y-axes
are different for the three graphs.

Overall residential satisfaction is on average slightly lower for the target households
(Figure 27) than for the whole population (Figure 18). The most satisfied households are
single parent families living in Besancon and couples with children living in periurban areas.
The first are especially satisfied by their residential environment and less satisfied by their
dwelling. The second are especially satisfied by their dwelling and less satisfied by their
residential environment. All four groups’ satisfaction for their residential environment tends to
decrease over time. Thus, it is dissatisfaction with their dwelling, more than dissatisfaction
with their residential environment that pushes target households to move outside Besancon.

The dwelling satisfaction of target households varies noticeably according to the size of the
dwelling occupied (Figure 28). As expected, households with children are not satisfied when
they live in dwellings of one or two rooms, but very few households are in this situation: in
2012, 770 couples with children and 250 single parent families, 1020 households in total,
were in this category. However, their number increases over simulation time to reach 1320
couples with children in 2030 and 420 single parent families, in other words 1740 households
in total (still less than 10% of the total number of target households). This is a consequence of
the decrease of household size. Indeed, only the smallest target households (i.e. single parent
families having one or two children) are more numerous in 2030 than in 2012 (about 400
households more). Conversely, the number of large households decreases: 2800 less couples
with one or two children in 2030, 800 less couples with three children or more, 100 less
single-parent households with three or more children.

The satisfaction of couples with children living in dwellings of three or four rooms is higher
but varies considerably. This situation concerns many households in 2012 (about 5560) but
many fewer in 2030 (about 3610). Single parent families are more often satisfied in dwellings
of three or four rooms but they are fewer in number and decrease clearly over time (2170 in
2012 compared to 1370 in 2030). Nevertheless, the target households are not systematically
more satisfied when they live in larger dwellings (five rooms or more) with the exception of
couples with children living in houses, which exhibit a high median satisfaction for their
dwelling (0.6). 9867 households are in this situation in 2020; 8291 in 2030. Even so the
satisfaction of couples living in houses is low for numerous households (the first quartile of
the distribution of satisfaction values is comprised between 0.3 and 0.4 in 2030). The
satisfaction of single parent families living in a house reaches 0.6 or more for a few
households (less than 200 in 2012; about 400 in 2030). In most cases, however, the
satisfaction of single parent families living in a house is low.
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the characteristics of the occupied dwelling

Couples with children, who generally have higher incomes than single-parent families, are
happy to live in expensive dwellings. They can also be satisfied when they live in a medium
cost dwelling, but this is not always the case. Single parent families, for their part, are more
satisfied when the cost of their dwelling is moderate or low. They are noticeably less satisfied

with their dwelling when it is expensive.

Finally, as for as dwelling occupancy status is concerned, owner-occupier couples with
children are more satisfied than renting couples with children. The dwelling satisfaction of
single parent households, on the other hand, does not vary with occupancy status.
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This lets us sketch a typical profile of dwelling satisfaction for a target household in the urban
area considered. A couple with children is satisfied with a dwelling that is purchased at a high
price, while a single-parent household is satisfied by a low or moderately priced dwelling of
medium size.

Middle-size dwellings
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Figure 29. Number of large and middle-sized dwellings in Besancon and in periurban areas, in relation to
their cost and their occupancy status.

The majority of middle-sized dwellings are to be found in Besancon (Figure 29). They are
mostly medium-cost, less often high-cost and infrequently low-cost. Two thirds are for rent
and around one third for purchase. Over the years of the simulation, quite a sizeable number
of middle-cost dwellings for rent are built in Besancon. These are likely to satisfy single-
parent households and not couples with children. In periurban areas, a certain number of
middle-sized dwellings for sale can satisfy single parent households.

Large dwellings, for their part, are more numerous in periurban areas than in Besangon and
their number grows noticeably over the period: in 2012, there are 11,580 large dwellings in
Besancon and 14,390 large dwellings in periurban areas; in 2030, there are 14,380 large
dwellings in Besancon and 18,910 large dwellings in periurban areas. The majority of large
dwellings are high-cost (and therefore do not satisfy the majority of single-parent
households). A few are medium-cost, above all rental properties in Besangon. Logically, there
are almost no low-cost large dwellings, to the point that they do not appear on the figure.

The large dwellings are mainly detached houses in periurban areas; and flats (mostly rented)
in Besancon although there are also houses (half for rent, and half for purchase) (Figure 30).
The number of large flats in Besancon rises between 2012 and 2030, but much more slowly
than the number of large houses in periurban areas. Very few houses are built in Besancon and
very few flats are built in periurban areas.
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Figure 30. Number of large dwellings in Besancon and in periurban areas, in relation to their type and
their occupancy status

The maps in Figures 31 and 32 summarise the results and offer a more detailed spatial
perspective of the results presented above. The two maps show that the number of vacant
dwellings in the city of Besancon decreases dramatically from 2012 to 2030 whereas it
decreases much less in periurban communities. The attractiveness of vacant dwellings
decreases also in a number of neighbourhoods in Besancon. This decrease is especially
marked for couples with children. The attractiveness of vacant dwellings in periurban
communities is often higher for single parent households in 2030 than in 2012 whereas it is
often lower for couples with children.
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Figure 31. Scenario ‘Business as usual’: maps 2012-2030 by commune/census district of number and

average attractiveness of vacant dwellings for couples with children. Thick black line: limit of the city of
Besancgon.
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Figure 32. Maps 2012-2030 by commune/census district of number and average attractiveness of vacant
dwellings for single-parent households. Thick black line: limit of the city of Besancon.

5.3 Conclusion of these analyses

Target household migration flows do not change fundamentally between 2012 and 2030,
despite the introduction in the simulation of the achievement of the objectives of strategic
land use and housing plans (the SCoT and the PLH respectively), rising fuel prices and the
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introduction of a tram system: the outward migration flows (from Besancon to periurban
areas) remain dominant in the future.

There are fewer attractive dwellings for couples with children in Besancon than in periurban
areas. Because of a lack of large dwellings for purchase, becoming an owner-occupier in the
city of Besancon is currently not possible for lots of households. Yet becoming an owner
occupier is a common desire in France, which is reinforced by the fact that the costs of renting
are relatively high compared to costs of buying a real-estate property. In addition, large
dwellings for purchase in Besancon are mostly flats and rarely detached houses, which is less
satisfying for couples with children.

On the other hand, housing supply in Besancon seems to be attractive for single parent
families. In particular, the number of middle-sized affordable owner-occupied dwellings is
high. However, local actors’ knowledge of the real situation on the ground nuances the results
of the model. In reality, many middle-size affordable dwellings for purchase are to be in run-
down joint-ownership properties and are uncomfortable (poor sound and thermal insulation,
small rooms). They are thus of little interest to the target households. Moreover, as the model
shows, the supply in Besancon is less attractive than the supply in periurban areas which is
smaller in number but a non-negligible contribution to dwellings available for purchase
(Figure 29). So medium-income households can either rent a flat in the centre city or buy a
house at an affordable price in a periurban area to achieve a reasonable dwelling satisfaction.

The forecast increase of fuel price will increase the travel costs by car in future. However, this
has almost no impact on the number of periurban location choices simulated by the model.
The researchers and the planning actors involved in the experimentation decided to deepen
this aspect. They supervised a master project (Lallement, Moyne, 2013) in which the students
calculated the housing and travel costs for a couple having two children, working in
Besancon, and living respectively in a flat in Besancon (near to the town centre), in a house in
a periurban community close to Besancon, and in a house in a periurban community far away
from Besancon. The cost estimation for housing and transportation was undertaken from 2015
(the children were respectively one and four years old; the parents were supposed to have
bought their dwelling at this date) to 2030. It took into account monthly mortgage
repayments, local property and residential taxes, the cost of daily travel for the four members
of the household (work, school, shopping, leisure) allowing for term-times, school holidays
when both parents work and periods of family holidays, and also the increase in fuel prices.
The household is car-less when living in Besancon while owns two cars when living in a
periurban area. Taking into account all costs (transport and housing), the cost of living is
higher in the periurban community close to Besancon than for a household living in the city
itself. However, by making a modest extra financial effort, the household can buy a 100 m?
house with a garden in a periurban community far away from Besancon, while in Besancon it
lives in an 85 m? flat. Since the periurban community is situated close to a major road, the two
workers in the household can be at work in around 20 minutes. This study shows, ultimately,
that the difference in expenses for housing, lower in the periurban area, and for travel, lower
in Besancon, does not systematically favour the choice of a residential location within the
municipality of Besancon. One way to tip the balance in favour of Besancon would be to
reduce the cost of housing purchase in the city or reduce housing-related taxes.
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6. Simulation of a second scenario: application of a pro-active housing
construction policy by the city of Besancon

Simulation results for the ‘Business as Usual’ scenario provided a basis for a joint reflection
by the planning actors and the researchers with a view to identifying possible planning
policies that could be used to keep middle- and high-income households with children within
the city.

The first possibility is to build more houses for sale in Besangon in the parts of the city best
served by public transport (particularly close to tram stops) and with a high landscape quality.
One of the hillsides in Besancon (Rosemont) fits these criteria perfectly. This could be
achieved by changing the local plan to allow for the construction of houses (rather than flats)
at the foot of the hillside, while at the same time imposing high standards for architectural and
landscape quality in the neighbourhood. This would require a relatively small investment by
the municipality and would certainly attract better-off households with children. This
possibility would, however, go against the political choices of the city council: for the last 30
years the development of hillsides has been outlawed and residential development has been
restricted almost entirely to building apartment blocks.

Another possibility would be to implement unified property and residence taxes for the whole
agglomeration, which would increase taxes in periurban areas and reduce them in Besancon.
This would be justified by the fact that the population of Besancon have to bear the costs
(economic and environmental) of numerous services and facilities used by periurban
residents. The communities surrounding Besancon, however, object strongly to such a fiscal
policy. The implementation of future joint local plans (PLUi) imposed by the French state will
move urban agglomerations progressively in this direction (cf. the so-called Alur Law
published in March 2014). Nevertheless, the Besancon’s planning actors did not wish to
integrate such a possibility into the experiment presented here.

A third possibility is to increase the number of large high-cost dwellings for purchase other
than detached houses (flats with a terrace or a small garden, offering shared children’s play
areas, safe pedestrian and cycle access) and to increase the number of large low-cost
dwellings for purchase in Besancgon city, on the basis that the difference in cost will encourage
households to choose a flat in the city rather than a house in the countryside.

After considering the options, the city council has finally defined an ambitious building
construction project over fifteen years. The objective is to control residential development by
reducing the share of new dwellings bought by real-estate investors, which leads private
developers to build mainly small dwellings. Controlled housing operations take the form of a
negotiation between the city council and private developers with the aim of imposing (mainly
through signing agreements) minimum sizes for dwellings (four or five rooms) and a
minimum share (15%) of dwellings sold at a maximum price (i.e. affordable dwellings). This
adds up to a pro-active housing policy that represents a significant cost for the city and
implies a certain degree of risk. Will this project change the pattern of residential migration
flows in the urban area of Besancon? Will the housing built be occupied and, if it is, by what
types of households?

With MobiSim, it is possible to simulate the housing developments programmed by Besancon
city council and to study their impact on residential migration up to 2030, under the
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conditions represented in the model. This involves varying only the developments over which
the city council exercises control, while holding all other aspects of the model constant.

It should be noted that the development of the final pro-active housing construction policy,
used for the second simulation scenario, was a non-trivial exercise. The planners and
researchers explored seventeen different versions before finalising the choice of development
locations. This was one of the most significant ways in which the exchange of knowledge
between researchers and planners took place.

6.1 Variable settings

Setting of the scenario results from a collective reflection on the modifications to some of the
variables and parameters of the ‘Business as usual’ scenario in order to simulate a pro-active
policy of housing construction in the medium term.

1120 dwellings are built each year in the whole urban region, compared to 850 for the
‘Business as usual’ scenario. This is not just a notional figure denoting a pro-active housing
construction policy, but is a reflection of real sites and realistic development potential within
the urban region and the city of Besangon. Within the administrative boundaries of the city of
Besancon, 720 dwellings are built each year compared to 500 for the ‘Business as usual’
scenario. Whereas the simulated residential development in the ‘Business as usual’ scenario
corresponds simply to spontaneous development (self-organised residential development), the
‘Pro-active’ scenario integrates both spontaneous development (450 dwellings a year in
Besancon) and city council controlled projects (around 320 dwellings per year built in
Besangon from 2010 to 2022; around 150 dwellings per year from 2023 to 2029).

The dwellings built in the context of city controlled housing projects are 4 or 5 rooms or more
in size and 8.8% of dwellings and 41% of buildings constructed are houses. Blocks of flats are
relatively small (a building footprint of 200 to 2500m?; 3 or 4 storeys). For example, for a
building of 1000m? this corresponds to two 5 room dwellings, three 4 room dwellings and two
3 room dwellings per floor, that is to say 28 dwellings and 112 rooms in total. As the building
footprints of buildings constructed by simulation are small (400 m?®), it is assumed that each
building contains around 30 rooms. Houses are all 5 or more rooms in size.

The planning actors of the city council provided a map detailing the locations of the entire

city controlled housing projects, including the number of dwellings planned for each zone for
each year from 2011 to 2029, as well as their breakdown by type (flats or houses).
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6.2 Simulation results
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Figure 33. Two scenarios: annual rate of households moving within the urban region

With the ‘Pro-active housing construction’ scenario in the city of Besangon, the annual
migration rate of households within the urban region is higher than for the ‘Business as usual’
scenario (Figure 33). The higher number of newly constructed buildings explains this result.
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Figure 34. Two scenarios: share of households moving from Besancon to periurban areas among the total
of households moving within the urban region

The share of households moving from Besangon to periurban areas as a share of the total
number of households moving within the urban region is clearly lower with the ‘Pro-active
housing construction’ scenario within the city of Besancon (Figure 34). The simulated
housing policy has a positive effect in the desired direction.
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Figure 35. Two scenarios: evolution of the number of target households.

As far as the target households are concerned (i.e. middle- and high-income households with
children - Figure 35), numbers of couples with children increase in the middle of the
simulation period for the ‘Pro-active’ scenario. However, the effect has disappeared by the
end of the simulation. This may be explained by the choice to make the pro-active housing
construction policy less active from 2022 onwards. Single-parent families are more numerous
with the ‘Pro-active’ scenario than the ‘Business as usual’ one throughout the simulation
period. In any case the difference between the two scenarios is sharper in Figure 34, which
considers all households in the urban region, than in Figure 35, which considers exclusively
the target households. This suggests that the dwellings built in Besancgon as a result of the pro-
active housing policy are frequently occupied by households without children.
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Figure 36. Two scenarios: average satisfaction of target households. NB: the scale of Y-axes is different for
the three graphs.

Residential satisfaction of target households is in any case higher for the ‘Pro-active housing
construction’ scenario in Besancon than for the ‘Business as usual’ scenario (Figure 36). The
first scenario gives interesting results in this respect. The higher residential satisfaction
concerns not only households living in Besangon but also periurban households, which raises
the question why. A possible explanation is that other types of households living in periurban
areas, especially retired households without children, choose to leave these places to settle in
the new dwellings built in the context of the Besancon city council’s development policy.
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Couples with children may then occupy the periurban dwellings released by the migrating
retired households. This possible explanatory hypothesis, however, remains to be verified.

The number of couples with children in 2030 is higher in some periurban communities and
neighbourhoods of Besancon with the Pro-active housing construction scenario in Besancon,
but it is lower in other communities or neighbourhoods (Figure 37). The respective positive,
and negative differences between the Pro-active and ‘Business as usual’ scenarios are spatially
distributed across the whole urban region. The situation is different for the single parent
families: in most cases, they are more numerous in 2030 in Besancon and less numerous in
periurban communities with the Pro-active housing construction scenario in Besancon
(Figure 38).
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Figure 37. Location of couples having at least one child and middle- and high-income — simulated year
2030. Thick black line: limit of the city of Besancon.

The number of couples with children in 2030 is higher in some periurban communities and
neighbourhoods of Besancon with the ‘Pro-active housing construction’ scenario in Besancon,
but it is lower in other communities or neighbourhoods (Figure 37). The respective positive,
and negative differences between the ‘Pro-active’ and ‘Business as usual’ scenarios are
spatially distributed across the whole urban region. The situation is different for the single
parent families: in most cases, they are more numerous in 2030 in Besancon and less
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numerous in periurban communities with the ‘Pro-active housing construction’ scenario in
Besancon (Figure 38).
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Figure 38. Location of single parent families having middle- and high-income — simulated year 2030. Thick
black line: limit of the city of Besangon.
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Figure 39. Two scenarios: maps 2030 by commune/census district of number and average attractiveness of
vacant dwellings for couples with children. Thick black line: limit of the city of Besancon.

Figures 39 and 40 show that the number of vacant dwellings at the end of the simulation time
is clearly higher for the scenario of Pro-active housing construction policy in Besancon than
for the ‘Business as usual’ scenario, especially in the city of Besancon. Vacant dwelling are in
general less attractive with the first scenario than with the second one for single parent
households, especially in periurban communities. However, the differential of average
attractiveness values between all neighbourhoods and communities is clearly more in favour
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of Besancon. The situation is different for couples with children: the average attractiveness
values of vacant dwellings are in general higher with the pro-active housing construction
policy both in the neighbourhoods of Besangon and in periurban communities. However, the
differential of average attractiveness values between all neighbourhoods and communities is
not particularly favourable to Besancon.
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Figure 40. Two scenarios: maps 2030 by commune/census district of number and average attractiveness of
vacant dwellings for single-parent households. Thick black line: limit of the city of Besancon.
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6.3 Conclusion of these analyses

Under the conditions represented in the model, the ‘Pro-active housing construction’ scenario
in Besancon allows an overall reduction of migration flows from Besancon to the surrounding
periurban areas. More single parent families choose to reside in Besancon during the whole
simulation time (2011-2030). Couples with children, however, choose preferentially to reside
in Besancon until 2022 only. At this date, the city council controlled housing developments
become less numerous. By 2030, the number of couples with children is slightly higher in
periurban areas compared to Besancon, which is the opposite result to that observed in the
‘Business as usual’ scenario. Thus, as a result of the complex mechanisms shaping the
simulated residential location process, in particular the phenomena of inertia and
compensation which occur over time, the simulation results for couples with children at the
end of the simulation period are less satisfying for planning actors for the ‘Pro-active housing
construction’ scenario in Besancon than for the ‘Business as usual’ scenario, although the
former does give better results in the middle of the simulation period.

Finally, the application of the policies to control residential development planned by the local
authorities do not allow the pattern of residential migrations to be changed in one desired
direction because of chain effects in household re-locations (dwellings vacated and then
reoccupied). In French cities, new dwellings represent at most 15% of the dwelling offer. This
partly explains why those urban systems are characterized by a strong path dependency and
why it seems impossible to define general planning solutions, which could be applied
successfully in any location (Couch et al. 2011).

In this paper, we have presented an experimental trial involving the use of a complex spatial
simulation platform (MobiSim) to support a planning decision process in the city of Besangon
(France). The simulation platform was used to explore the possible outcomes of spatial
planning policies, set by both the Greater Besancon authority (Besangon and the surrounding
periurban communities) and the city of Besancon, on residential location dynamics. The paper
illustrates the usefulness of the simulation model in two respects. Firstly, its usefulness for
exploring specific land use development strategies through considering both residential choice
and satisfaction, and secondly its usefulness as a medium for knowledge sharing between
researchers and planners and providing a structured environment for these exchanges. As
underlined by Peltzer et al. (2015), assessing the usefulness of a planning support system
depends on whether its application leads to an improvement (i.e. an added value) in
comparison to a situation without it. We will discuss these dimensions in the conclusion
below as well as trying to assess the limitations and constraints of the trial, and speculate on
possible ways to extend the research.

7.1 Usefulness of MobiSim as a medium for knowledge sharing between researchers and
planners

This experimental trial gave the researchers and the planning actors involved in it the
occasion to compare their scientific knowledge and their empirical knowledge through a
specific medium: a simulation platform. Because the modelling process requires the implicit
to be made explicit, it favoured such exchanges. The trial was useful for both planning actors
and researchers.
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The planning actors expanded their knowledge about residential choices and residential
dynamics through the exchanges with researchers. At the very beginning of the trial, some
questions of the planning actors were about the decision criteria for households wishing to
buy their own property: are size and cost most important, or is housing type (flat or detached
house) or even the quality of the residential environment (landscape, services, public
transport) equally significant? One important answer obtained though the trial is that it is the
dissatisfaction with their dwelling more than the dissatisfaction with their residential
environment that pushes target households to move outside Besancon. The most satisfied
households are single parent families living in Besancon and couples with children living in
periurban areas. The first are especially satisfied by their residential environment and less
satisfied by their dwelling. The second are especially satisfied by their dwelling and less
satisfied by their residential environment.

As a consequence of the trial, the interest of the planning actors regarding the researchers’
knowledge of residential choices has become stronger. The planning actors, joined by several
other colleagues of their planning department, have thus proposed to the researchers to work
with them on the project of residential development of one neighbourhood of Besancon (Les
Planches-Relangon), which is located close to a large forest at the edge of the city. This
development project is governed by Besancon city council, which allows the local authority to
impose planning and design rules on private developers. For defining these rules, we use
MobiSim to estimate the attractiveness of the neighbourhood Les Planches-Relancon for
households with children living in Greater Besancon. On this basis, we identify which
attributes of the neighbourhood have to be improved in order to make it more attractive with
respect to other residential places in Greater Besancon.

For the researchers, one advantage of the experimental trial was to force them to distance
themselves from the theory by coming face to face with the situation on the ground and its
constraints, including those of a political nature. They experienced the fact that the conception
of a model, designed for a practical application, requires an interaction with the actors for
whom the model is designed. Even though the focus of the model is household residential
choice, the model also has to incorporate the variables representing possible planning levers.
On this point, it is the planning actors themselves who are best equipped to provide the data
and information that the model must take into account in its choice of variables. Last but not
least, working on a scenario representing real social and community issues, and not simply the
ideas of a limited number of academics, was a source of motivation for the researchers.

7.2 Usefulness of MobiSim for exploring specific land use development strategies

The simulation of the ‘Business as usual’ scenario was, as it were, a means to thoroughly
explore current dynamics within Besancon and its urban region (current residential choice
behaviours, current demographic trends). The trial then led the group to discuss possible
planning actions designed to reduce migration flows of households with children out of
Besancon into periurban areas. MobiSim does not provide planning solutions but it does allow
users to test the likely effects of planning solutions postulated by the actors. Because the
researchers were somewhat naive in terms of planning and local politics, but sincerely
interested in deepening their thinking, the discussion about the respective advantages and
disadvantages of each planning action was open and fruitful. Following this, the planning
action selected for simulation (Pro-active housing construction policy by the city of
Besancon) had to be defined precisely: number of dwellings, types of dwellings, location, etc.
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For this, the planning actors thought about different alternatives and discussed them within
the Department of Planning, Projects and Forward Planning and with the elected members
concerned. In the end, nothing less than seventeen versions were explored successively.

Both the planning actors and the researchers are now looking into new simulations with
MobiSim for responding to new planning questions. The current context in Besancon is
particularly favourable: following municipal elections in March 2014, the new elected
member responsible for housing wants to review the policy envisaged by the previous
administration.

7.3 Conditions under which a complex simulation platform such as MobiSim can be
useful for planning

The approach adopted for conceiving and using MobiSim responds to some conditions for
further improvement of Planning Support Systems put forward by Te Brommelstroet et al.
(2014):
"1) Embrace ignorance: Most urban systems are inherently complex and open. At best,
PSS can capture but a tiny part of their—often exponential and unexpected—reciprocal
relations. We should always leave room to problematise model assumptions and
outcomes (...)."
MobiSim takes into account many variables, and models many interactions among the
variables. Therefore, the complexity of the system modelled is not hidden. Moreover,
unknown and non-modelled phenomena are clearly set out.
"2) Transparency: As much as possible we need to make assumptions and all relations
between input and output of our PSS transparent and understandable (...). Only then
can a user verify and use the model to learn. "
MobiSim is an anti-black box platform: in principle every participant in the experimental trial
knew what was inside the model; every participant could understand its variables and its
functionning. The platform does not contain any technical or mathematical refinements that
would not be understandable by planning practitioners or by elected members of local
communities.
"3) Secure soft values: PSS traditionally work with quantitative information, but in most
planning processes key qualitative aspects need to be considered. The performativity of
models can be countered by focusing more on these qualitative values. "
MobiSim is based on a “soft” quantification: the use of fuzzy categories allows the
introduction of many qualitative aspects in the modelling.
"4) A structured dialogue: A classic mistake in the development of urban models and
PSS is to exclude the end user from important choices early in the development process.
(-..) Developing PSS that allow for contextualisation seems an important way forward
in combatting the planners’ often antagonistic attitude. This confrontation with
practical knowledge and the emerging mutual learning process will also improve the
models. "
The conception of MobiSim results both from the work of the researchers in their laboratory
but also from their exchanges with planning actors involved in the trial. The introduction into
the model of local housing taxes and the possibility to simulate controlled residential
development arose, in particular, from those exchanges. Planning actors also insisted upon the
necessity of taking into account the PLLH and SCoT in the simulated scenarios.
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In spite of all the encouraging results obtained, the trial also shows some limitations. First, the
time period between the beginning of the trial and getting acceptable and interesting results
was long: about two years. Numerous intermediary simulation results were unsatisfactory
because the model was unfinalised. Given the time associated with drawing up revised land-
use plans, the extended time required for such a simulation process remains compatible with
plan making time-scales. Nevertheless, the conception of the ‘Pro-active housing
construction’ scenario in Besancon took significant time, both for the planning actors and the
researchers. The second limitation concerns technical and computing aspects. Running a
simulation with MobiSim and making use of the results requires a high level of technical
knowledge: not only does the user need to understand the model well, but he or she must also
be capable of running simulations using command lines on a supercomputer (HPC) and of
interpreting results represented by several gigabytes of data (the simulated data are at the
scale of the household, the dwelling and the building and the output of results requires an
average of ten replications of the same simulation to be calculated). These two limitations
bring into question the possibility of reproducing the trial. They also highlight that this kind of
PSS makes the planning actors heavily dependent on the expertise of the researchers for every
stage of the process.

7.4 Positing the experimental trial in a decision-making environment

Malczewski (2004, page 9) has identified three stages in GIS development: the stage of
“Invitation”, where the perspectives for planning were essential scientific; the stage of
“Integration”, where perspectives for planning were political; and the current stage of
“Proliferation”, where perspectives for planning are participatory and collective design.

The use of the individual-based LUTI simulation model MobiSim at the stage of “Invitation”
The trial involved only two planning actors belonging to the same planning department in
Besangon city council, which was the single local authority involved. At this “invitation”
stage, the decision-making environment was very simple: limited number of participants, a
single common shared objective, no financial investment by the local authority, a limited time
investment by the local authority, and no direct contact between the researchers and elected
members.

A new research project that could allow MobiSim to enter the stage of “Integration”

The Greater Besancon authority has become aware of the existence of the simulation platform
MobiSim. One researcher and one planning actor of Besancgon city council were invited in
November 2014 to present the experimental trial they led with MobiSim. Between December
2014 and January 2015, a face-to-face meeting and several exchanges by email and telephone
took place. Following this, the Greater Besancon authority agreed to the use of MobiSim.
Elected members will participate in two workshops: one, to present the ‘Business as usual’
scenario for Greater Besancon and to debate alternatives; the second to discuss the simulation
results produced by MobiSim for the chosen alternative scenario. One theme that will be
discussed is the creation of a unified housing tax policy for the Greater Besancon area: an
aspect that was not a feature of the Besancon trial. Such a policy could reduce the residential
attractiveness of peri-urban parts of Greater Besancon to the benefit of surrounding rural local
authorities with lower property taxes. At the same time, such a change could also increase the
attractiveness of Besancon in relation to its surrounding peri-urban areas.
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As in the case of the trial in Besangon, the local authority will not fund the project, but a new
aspect will be the observation by the researchers of the process of political debate and
decision-making by elected members.

The decision-making situation of this new project is more complex than in the Besancon trial:
it involves all the local authorities in the Greater Besancon area and not just Besancon City
Council. Those local authorities have conflicting objectives, not least because the different
mayors belong to different political parties. This should offer the opportunity to observe the
effect of the simulation model on a larger group of actors, both planners and elected members,
and see how the use of the simulation model develops in a different environment. This should
help to draw some conclusions about the extent to which the usefulness of MobiSim in
Besangon City Council was contingent on unique factors such as the receptiveness of the two
planners or the relative simplicity of the political environment (a single local authority
structure at a moment of relative openness to ideas about a new strategic direction for
development).

When it is used, simulation is an input to the very early stage of the policy making process
and the impact on the decision making of the elected members is unknown and unexplored as
yet. The objective of this new project is thus to study the extent to which the use of MobiSim
does or does not modify the planning decision processes in which it is involved as well as the
representations of researchers, planners and elected members. The research design will
involve an explicit protocol for assessing these effects, and posit three hypotheses:

e It is possible to change the way actors (planning practioners and politicians) perceive
and understand the area they are planning for, by means of a process of knowledge
exchange via a complex simulation tool like MobiSim.

e The actors (planning practioners and politicians) use their knowledge of an area
stategically, and removing uncertainties may change the balance of power between
them. The use of MobiSim can enable the planners to present decision makers with the
likely or possible outcomes of their decisions. Consequently it would be possible for
them to use MobiSim to shape the planning agenda by simulating and discussing some
scenarios but not others.

e Knowledge sharing between actors and researchers leads to changes in the models and
the tools developed by the latter.

Insights on the stage of “Proliferation”

Following this trial, the group has developed a capacity to conceive and test scenarios in
MobiSim (data preparation, variable quantification) and analyse the simulation results. But
the researchers involved in the project are not in a position to maintain an open-ended
commitment to facilitating the use of MobiSim for planning scenarios in Besancon or any
other city. In addition, because of the technical complexity of simulation with MobiSim, the
planning department of the City of Besancon is not able to use the platform without
assistance. One solution could be to create a consultancy firm, or that the TheMA research
centre enters into a partnership with an existing consultancy within which the personnel
would be trained in simulation using MobiSim. This would allow the platform to be used
more widely as support for planning decision processes.

Nevertheless, the most well-known computer-based planning support systems (e.g. UrbanSim,
What If, Community Viz, Metronamica) have not yet reached this stage of “Proliferation”
although they were developed by research teams having entered public-private partnerships
and/or being internationally recognized in the scientific community. Based on the analysis of
Brail (2006), Klosterman and Pettit (2005) posit that three factors are required for computer-
based tools to be widely used in practice: a shared commitment to a well-defined
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methodology, extensive government support, and the ability of available tools to provide
needed outputs for a substantial user community. For them, none of these conditions existed
in 2005 for computer-based PSS anywhere in the world. Might they exist in a near future?
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Appendix 1

Name Competences Role in the development of the Participation in
MobiSim application the experiment
Armelle Cartographer, University of Mapping and geovisualization of NO
Couillet Franche-Comté (Besancon) simulation results
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Olivier Research Officer in the Discussion about hypotheses of the YES
Govignaux | Department of Planning, model; definition of the two simulated

Projects and Forward Planning, | scenarios
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Appendix 2

Importance of attributes of current residential environment [E|I]

Attributes [E|I]
Characteristics of the household
Edf wa Els Egs Eub Eﬂ Ebl Ehi Eccar Ecpl
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B couple
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S family
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Importance of attributes of possible future residential environment [E|J]

Attributes [E|J]

Characteristics of the household
Eq Ewt Es Eg Ew Eq En Eni Eccar Ept Evcar Eupt

younger than 30 Important
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single-parent family
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lor2
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