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Abstract

A new tool for building synthetic populations, aileting the drawbacks of classical
methods, is presented. It creates both individaatshouseholds at a quite disaggregated
spatial level and simulates the temporal evolutiah the built synthetic
population.VirtualBelgium, this new tool, is apglien the Belgian case and is coupled
with multi-agents models for simulating mobilityHseviours.
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1. Introduction

The advent of micro simulation in many domainsglinobility, health, employment,
etc.) increases the need for extensive disaggrelgaseconcerning the population whose
behaviour is modeled. Due to the cost of collecting data and the existing privacy
regulations, this need is often met by the creatioa synthetic population on the basis of
aggregate data. While several techniques for géingrsuch a population are known,
they suffer from a number of limitations. The fiis the need for a sample of the
population for which fully disaggregated data minstcollected, although such samples
may not exist or may not be financially feasiblEhe second limiting assumption is that
the aggregate data used must be consistent, &aituehich is most unusual because this
data often comes from different sources and isect#d, possibly at different moments,
using different protocols.

This communication highlights an original appro&gking place in the stream of micro-
simulation models dealing with complex realitigleelimobility grounded on individual
level (Orcutt, 1957). Moreover we would to takeoiaiccount the dynamics of population
and its impacts on the studied phenomena throughpdeal evolutions both for
individuals and households. It is a small new brickhe lineage of models starting from



DYNASIM (Orcutt et al., 1976) and in the wave ofamu simulation for social sciences
such as described in (Spielauer, 2009).

Our method is an innovative synthetic populationegator in the class of the Synthetic
Reconstruction methods, whose objective is to dbvithe limitations here above
mentioned.

In this paper, we will sketch in the first sectwhy a synthetic population generator is a
quite useful tool in micro-simulation. The secoretton will describe some current
methods for generating synthetic populations. Thiedtone will explain why such
classical methods have many drawbacks for our Belgase. Then our new generator
will be described in the fourth section. Finalletfifth section will deal with dynamics of
the synthetic population. In the conclusion we wiighlight the use of our synthetic
population tool for a prospective exercise for éa&ing mobility demand and flows on
an activity based model.

2. Motivation

Micro simulation means first building a data setlinling all the relevant characteristics
of the considered agents and then simulating thgeats’ behaviours and updating their
characteristics according to the effects of thetioms. In the domain of mobility, the
agents are individuals and/or households. One @fdimensions which clearly play a
main role in the mobility behavior is the spatialeo Indeed mobility is a way of
interacting with space, of using it. Since we planwvork at micro level, we need to deal
with these interactions on a quite disaggregatatiadpneshing. Otherwise variations in
the agents’ behaviours could not be grasped sipagas aggregation would hide any
local change. That is why, for Belgium, we workNdTS 5 (LAU2) level spreading our
synthetic population amongst the 589 Belgian mpaidies. Going deeper in the spatial
disaggregation seems not relevant especially becaus quite unusual that data are
provided at a finer level than the municipality.

Thus, we need for our micro-simulation of a pogalatof individuals, of households
characterized with a couple of attributes and kedat municipality level. In an ideal
world an exhaustive database would provide all ttleeded characteristics of the
population on the given spatial meshing. We allvkrtbat such a dream never occurs.
Moreover even if such a base could be availabieaguswould not be so easy: probably
privacy rules would, in most cases, prevent udiegé¢ data.

Therefore we need a methodology allowing alleviatimese drawbacks. Such a method
has to allow working with a picture of the popubatiwhich is as close as possible to the
real population. Building a synthetic (also calledtual) population is such a tool
(Cirillo et al., 2012). There exist a couple of hds for such a creation of a synthetic
population. We will know sketch the main ones befshowing why they are not
appropriate for the Belgian case, which is onehefrieason for the development of our
own innovative tool, VirtualBelgium.

3. Classical methods



Most of synthetic population building techniqueg @rounded on the IPFP (lterative
Proportion Fitting Process) principles coming frobeming and Stephan’s works
(Deming and Stephan, 1940) as it could be seeBeégkman et al., 1996) (Wilson and
Pownall, 1976) or (Frick and Axhausen, 2004). Rdyyghmeans having a representative
sample of the population coupled with margins foe attributes characterizing this
population. Then an individual is drawn from thagple (drawing with replacement)
and placed in the category of the population cpoeding to him/her, a category
corresponding to the crossing of a modality forheaonsidered characteristics. This
process is repeated till the population built witie individuals so drawn exhibits
margins equal to the ones known for the real pajaBroadly speaking we could say
that it is a building method by cloning individudl®m a sample. But clearly, if some
categories are not represented in the sample, wikynor be present in the built
population.

This kind of “classical” method allows building agulation with individuals or with
households but not a “bi-level” population with imiduals gathered in household. To
overcome this drawback, Guo and Bhat (Guo and,B2i08X7) proposed a new technique,
once more grounded on IPFP but allowing to buildhbsynthetic individuals and
households.

Other methods are grounded on combinatory optimizgi/oas and Williamson, 2001 —
Huang and Williamson, 2002) but also need thangpéa of the population is available.

4. Why classical methods are not suitable for theddgian case?

If we already mentioned intrinsic drawbacks of IP§@®unded methods, mainly the
absence of not observed, in the used sample, caegeithin the built population, we
must also say that, even if these methods woulthdganacea, they are not suitable for
the Belgian case. Indeed, they all need a repraemtsample of the population and such
a sample is not available for all the Belgian mipdlties. Another problem is that
consistent margins are necessary and our expergmoeed that the data which are
available for Belgium are provided from differerdusces, were collected at different
periods and therefore could exhibit inconsistenaiethe margins computed from them.
Examples of such incoherencies could be found orr{€lis et al, 2005).

5. VirtualBelgium, an innovative method for building a synthetic
population

All these problems and drawbacks lead us to devafopriginal method for building a
synthetic population which not presents the probkledescribed for the classical
approaches, especially for the Belgian case. Tleainsithat this methodology needs

* to do not be fed with a representative sample efpibpulation;

* to be suitable for case where that could existheoencies amongst the margins;



» to allow building a synthetic population of indivals gathered in households
according to information (margins) related to oeeel (individuals) or the other
one (households).

Since all the technical issues about this new nikdre fully described in (Barthelemy
and Toint, 2012), we will only sketch here the mstieps.

The base principle is quite simple : we generatiéeviduals and households by randomly
drawing their characteristics from the relevanttribstion at the most spatially
disaggregated level where they are available @me margins are available for each
municipality but other ones are only provided a thstrict (LAU1) level). That means
that the method has to deal with different levedispatial disaggregation, making the
hypothesis that, if the information are not avd#almn the finest meshing, the
distributions known for a more aggregated levellddee uniformly applied for each
“lower level” entities. Moreover the building methanust keep the known correlation
structures (i.e. comply with the cross margins WHhiave been observed). The method
also makes explicit use of both continuous andreiscoptimization and used the Thi
metric to estimate distances between estimatedyanerated distributions.

In concrete terms, the VirtualBelgium process giesugh three steps for each of the
589 Belgian municipalities:

a. generating a pool of individuals complying with theown margins for the
individuals (at municipality or district level);

b. estimating cross distributions for the households;

c. building synthetic households by drawing their memsbfrom the pool of
individuals.

This new generator has been applied for constmgican synthetic population of

approximately 10,000,000 individuals and 4,350,0@Qiseholds localized in the 589
Belgian municipalities.

Several statistical tests as well as comparisotis lWiF methods allowed us to validate
our method (see (Barthelemy and Toint, 2012) feséhvalidations).

6. Evolution of the synthetic population

The here above described method allows buildingyrdhstic population for a given
reference year. This “base” year correspondindghéopteriod for which observations are
available, for which data have been collected (h@wnen real cases, some extrapolation
is applied since the provided margins are not abnal related to the same year). For
prospective exercises, for forecasting, we needdéwelop mechanisms allowing
simulating temporal evolution of the built syntleefiopulation. This aspect is a crucial
step for dynamic micro-simulations as individuatgl daouseholds change over time. For
instance, individuals are aging, can get marriediworced, have children, and eventually
die. All these changes can potentially have a 8@t influence on their behaviour. In
VirtualBelgium the population can be endogenousigheed as the model is running.
Since any modification of an individual agent'sriatite potentially affect his/her



household, the dynamic evolution of the populai®mlone at the household level. For
every household in the simulation, the followingpst are performed:
* household individuals’ages are incremented,

» possibly new babies are added to the household;

* dead individuals are removed,

» individuals’activity status and education level apzlated,

» individuals are removed from the household thatwaishing to leave it, and a
new household is created for each of them;

» the household are splitted in two in case of digprc

» the individuals are get married.

First, we use known fecundity and mortality rated (nunicipality level) either
«instantaneously » (i.e. the ones known for theregfce year) or through trends (i.e.
taking into account the evolution of these ratem@lthe last years) to estimate how the
pyramid of ages will evolve in the future.
For the other attributes characterizing the popdat(either at individuals” or
households’ level), different techniques could Is®diaccording to which data are
available. This part of the development is cursentidertaken and we think about two
main methods for simulating these temporal evohsio

* transition matrices;

» discrete choice models (RUM) (Train, 2003).
In the first case, we measure, from observatiomschvare the probabilities for jumping
from a state to another one (e.g., for a househb#d probability of jumping from the
« without child » state to the « with a child »tg)aThese probabilities could be uniform
amongst the population and vary according to sothercacharacteristics (e.g., for the
here above example, the probabilities could chamitje the age of the family head) if
data allowing such a segmentation are availablenTthese probabilities are applied on
the synthetic population to simulate its temporkadletion. Such a process means that we
postulate that the trends in the changes of séaain constant along the years. But it is
only a “business as usual’ scenario which couldrémaced with other prospective
simulations taking into account changing trendhafuture.
For the second case, the value of some attribatestimated from the values of other
ones (e.g., driving license ownership accordingatge, gender or diploma). This
estimating relies on a discrete choice model calédat on the available observations and
then applied for the evolution (following evolutioh explicative variables based on other
mechanisms).
Note that the evolution time-step corresponds ® yegar and each sub-step corresponds
to a single model.

7. Conclusion

VirtualBelgium is a platform aiming integration, resolidation and combination of
multiple data sources. Indeed, using differentisttal data bases and surveys, it is
possible to characterize these synthetic indivelaad households with relevant factors
determining their behaviour in domains like molilémployment, health, etc.



Moreover, VirtualBelgium aims at developing undansting of the evolution of the
Belgian population using simulation and considessious aspects of this evolution
(demographics, residential choices, activity pagemobility ...). To achieve this goal,
VirtualBelgium uses an agent-based methodologyréteoto simulate the evolution of
the synthetic population.

Based on statistical inputs and surveys resulis,atso possible to estimate trends or to
build scenarios for the temporal evolution of théaetors. Therefore, it is possible
through VirtualBelgium to undertake prospective reiges. For example, the mobility
behaviour is modeled using an activity-based amtraa which the travel demand is
derived from the activities that the individualsedeto perform. This approach has the
advantage of reflecting the scheduling process divides in time and space.
Consequently, an agenda (or activity chain) isgaesl to the individual agents in
addition to their basic attributes. This agendasinof sequence of activities. Each
activity is defined by three attributes: purposaration, distance to be travelled to reach
the activity. About 10.000 different activity chaipatterns could be extracted from the
Belgian national mobility survey. The duration atistance travelled for each activity are
also derived from the same data source. It is asduimt every activity chains begins
and end at the individual's home. Moreover thel tization of an activity chains must
be less than 24 hours. These assumptions seem daceptable for a large majority of
the population of interest.

One can easily see that the difficulty is to metlgese various models into a consistent
and modular “super-model”. The modularity requireiis crucial in the sense that the
agents in VirtualBelgium may receive new attribtasshew data becomes available, such
as the one from the Beldam (the latest Belgian htglsurvey conducted in 2010). Other
models must also be easily added to the simulatorinstance for employment, health,
etc.

The harmonization of mobility survey as proposedhisySHANTI Cost Action would be
an opportunity to build a synthetic population aur@pean level, based on
VirtualBelgium concepts, and to analyze, with adpg&an mobility behaviours.
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