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ABSTRACT

The PIRANDELLO model, currently under developmeryt Gofiroute, is among the first
significant French attempts to develop an operatidand-use transport interaction (LUTI)
model. It provides an easily understandable bubrdtecally sturdy framework to analyze and
communicate on transportation and land-use policies

Based on the linkage of a transportation with dyan model, the project benefits from
Cofiroute’s experience as regards the transportatiodel, to focus on the development of an
efficient and innovative urban model.

PIRANDELLO aims at improving the representation thfe housing market, and
providing easily communicable results. The formainpinvolves a detailed representation of the
structure of households’ residential choices. Hitiet is achieved thanks to a simple but efficient
decomposition of the utility function into housingmfort and accessibility of the location.

The goal of the paper is twofold:

« From a theoretical point of view, to improve thenesentation of the housing market and
thereby address the skepticism of many French ideeisakers relating to the ability of LUTI
models to represent its specificities.

« Secondly, to underline the relevance of this pitojetatively to the current situation of
the Paris metropolitan area, which calls for mégmd-use and transportation policies in front of
the structural lack of housing supply and transgh issues. We notably present the
potentialities of PIRANDELLO through a first calddion for this region, and application to the
case of an urban toll.

Keywords: land-use planning, land-use transport interactifimecast, urban model, Paris
metropolitan area
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INTRODUCTION

In recent years, several factors have contributeghther the attention in France on the linkages
between transportation and land-use: the rise efggnprices, the associated issue of the links
between energy consumption and urban form, andeasang congestion in the transportation
network. In the Région Tle-de-France (also knowthasParis metropolitan area) the tightness of
the housing market, underlined by high housinggwi@ structural lack of housing supply and
subsequently a very low vacancy rate, has raisedfgpconcerns about (ség

« The well-being of households and their solvabilityfront of the combined burden of
housing and transportation expenditures.

« The performance of the housing market considetiegdck of supply and the significant
hurdles to residential mobility

To address these concerns, several developmeecigaf land-use/transport interaction (LUTI)
models are currently carried on, including PIRANEL, which we are going to present.

As a matter of fact, LUTI models are currently erdkveloped in France relatively to
other countries including the U.S. or the UR).(Three elements have contributed to this
deficiency:

1. Land-use planning is driven by regulation ratheanttby the market in France. Thus
planners currently stick with classic transportatimodels, such as ANTONIN3) which
perfectly illustrates our point. While includingusticated features such as activity-based trips
and disaggregated modeling, it considers land-ugaotheses as exogenous. Yet, even if
regulation drives the evolution of housing supptgking exogenous land-use hypotheses
prevents from tackling several critical issues .(¢hg evolution of housing prices or the spatial
distribution of income classes).

2. French actors remain skeptical about the abilitizldT1 models to represent correctly the
land-use system. Notably the market-oriented natiré¢hese models does not match their
perception of the housing market.

3. The main point is likely the significant gap in exygnce relatively to the application of
housing databases to demand-supply modeling. Thecoassful attempt to apply the TRANUS
model to the agglomeration of Lyo#) exemplifies this assertion.

To remedy this gap, two projects using the actibi#ged model UrbanSim were recently
launched: SIMAURIF in the Tle-de-Francé), SIMBAD for Lyon (). Yet, these ambitious
projects are time and data consuming, notably lsecaf the transition-oriented nature of
UrbanSim. As a matter of fact activity-based modeésng centered on the processes of changes,
require a significant amount of housing data andesponding expertise for their use. If
furthermore one wants to consider several housetiakbes and housing market segments, data
requirements prove prohibitive in most cases. Qmsig these facts, PIRANDELLO, which is

a static land-use transport interaction model eisidp developed so as to remedy data limitations
and the relative opaqueness of several LUTI models.

The objective of our paper is twofold. The firsteois theoretical: we wish to address the
skepticism of French stakeholders (see point 2vapthanks to a detailed representation of the
location system, including several sub-systemshiaraction. Subsystems comprise the private
rental housing market, the home-ownership market, social housing market and finally the
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business real estate market. Interactions invalpply and demand considerations. Relatively to
supply, the different segments compete for landarftborspace, with obvious impacts on land-

use. On the demand side and as regards housingelds are faced with two couples of

options: tenancy/ownership and private/social se@thich leads in fact to three options since

the social housing sector is rental only). Thetrataeconomic characteristics (mainly prices and
supply) of the three segments influence transitletsreen them, hence interaction. While not all
these elements are present yet in PIRANDELLO, wsose current achievements and projects
of further development. Besides, still from a thegimal standing, we will discuss the advantages
and drawbacks of PIRANDELLO relatively to quasi-dymics models (models with successive
periods of time as opposed to static models2se&hich are widely in use.

The second objective is to validate and test thtergialities of the model, by adducing
the calibration for the Paris metropolitan areaJ an experimental application of the model to
the case of a urban toll around Paris. Becaus#etde-France region calls for significant land-
use policies in order to struggle against urbarawsprjob decentralization, and the lack of
housing supply, PIRANDELLO will constitute a sigednt asset to translate regional global
needs into localized objectives (e.g. where tocbngw housing stocks). This issue is indeed
paramount, as underlined b¥)(In these applications, both private (i.e. carjl @ublic modes
are considered, yet with a focus on the privateenod

To meet these two objectives, we first proceed bwief description of the Tle-de-France,
being our study area. The section is purporteddésgnt the main features of its location system.
After offering an overview of PIRANDELLO in the floling section, we detail in separate
sections the location model (supply and demand@. tWo next sections are focused on the first
results of calibration and the experimental applicaof the model. Lastly we discuss in the
conclusion the advances of PIRANDELLO and its ratesy relatively to quasi-dynamic models.

ON LAND-USE IN THE PARIS METROPOLITAN AREA

Overview of the metropolitan area

The Région Tle-de-France (French name for Parigapelitan area), is the regional political
district including Paris and its neighboridgpartementsThe analysis of human activity density
(defined as the ratio population + employment dadidy built floorspace) thanks to a prism map
displays a significant tropism towards a monocentstructure, which is however
counterbalanced by the presence of secondary semtigh notably the “Villes Nouvelles™:
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FIGURE 1 Human Activity Density in 1999 (SourceCensus 99).

Its population is expected to grow from 11.5 mikotoday to 13 millions in 2030, thus inducing
huge needs in term of housing supply in the short r

Presentation of the housing market

Let's turn to the housing market. When analyzing #rench housing market, three axis of
segmentation are frequently used for data anagbysisoses: ownership/tenancy, private/social
sector, and individual/collective. The first critar separates tenants from homeowners, who can
be further split between homebuyers (still in thecess of paying back their housing loan) and
outright owners. In the case of tenancy, a sec@ydckaracteristic lies in the distinction private
sector/social sector. Tenants of the social sgetiesp known as the HLM sector) benefit from
cheaper rents, especially in tight local housingkets such as Parig)( Furthermore, they are
known to display lower residential mobility due ttee advantages of such dwellings, and the
difficulty to move within the social secto8)( Lastly, the individual or collective nature diet
dwelling is often considered, but this characterisill not be used in the present paper.

Table 1 presents the repartition of householdsdivin the Paris metropolitan area
according to the dwelling status and to the locetigthin the region.
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TABLE 1 Distribution of Households according to Dvelling Status and Location
Dwelling Status All
Location Home Tenants [Tenants |Outright [Others
Buyers |Private Social Owners
Sector Sector
% in row i 5 40 16 33 6 25
. Paris
% in col. 10 41 18 23 26
9 26 28 31 6 27
Inner Suburbs
19 29 35 24 29
15 18 23 39 5 22
Outer Suburbs
26 17 23 25 22
Fringes of thel23 13 16 44 4 7
agglomeration |13 4 5 9 5
“Villes 24 13 30 26 8 6
Nouvelles” 12 3 8 4 9
Accessible 22 14 26 34 4 7
Secondary Aggl.{12 4 8 6 5
Isolated 14 14 19 49 4 2
Secondary Aggl.|3 1 2 3 2
26 7 2 59 5 3
Rural
7 1 0 5 3
All 13 24 22 35 100

Several important features of the Paris metropobti@ea are pointed out:

+ The three first zones account for 75% of the tpigbulation (which gets along with
Figure 1).

+ Households are evenly distributed between homeawi(é8%) and tenants (46%).
Among tenants, the private sector and the soctabsbave similar weights.

« The distribution of dwelling status varies greatligh location: whereas the most remote
areas mainly welcome homeowners, central parteare likely to host tenants.

This last element underlines the importance ofirdistishing the different market segments in a
spatial model.

PIRANDELLO, an integrated transport
and land-use model for the Paris area
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Trends in the location system and land-use

The Etats Géeneraux du Logement en Tle-de-Fra(eand the currenSchéma Directeur de la
Région lle-de-Francéor SDRIF, being the main planning document of Bais metropolitan
area) have both established a gloomy picture ofoitetion system:

+ Relatively to the housing supply, stocks are scabeeng the result of a prolonged
insufficient level of construction. Affordable larstipply has become more and more rare, both
elements contributing to high prices for potentiamebuyers.

« On the other hand the decrease in the number sbpgrper household has strongly
supported housing demand.

« Because of the scarcity of housing supply, vacaatgs have achieved extremely low
levels, and urban renewal is held back; these phena contribute respectively to a significant
hurdle to residential mobility and a declining dtyabf the dwellings.

« Lastly decentralization of jobs spurs urban spramd longer commuting trips, and favors
car use.

On the transportation and land-use linkages and th@lanning needs

Considering this diagnostic, there is currentlyemeyal political agreement as regards land-use
planning in the Greater Paris Area, which is epigeuh by the current SDRIF. The main
measures advocated are:

« Developing housing and business floorspace supply;

+ Densification in the centre of the agglomeration;

« Supporting polycentrism and autonomous secondarers

« Favoring non-polluting modes for proximity transitotorized modes and especially
rapid transit to travel between the poles of thgl@geration.

To sum it up, planning needs comprise at the sameed significant development of the housing
and business floorspace stocks, and the reinfonteafigransportation capacities, which notably
implies structuring the public transit network. Bhilne use of a LUTI model for planning these
developments seems more than profitable, whichhisregPIRANDELLO intervenes.

OVERVIEW OF PIRANDELLO

The PIRANDELLO model, currently in development byfitoute (a major actor in the road
building industry), is among the first significaftench attempts to develop an operational land-
use/transport interaction model. It aims at givamgeasily understandable but theoretically sturdy
framework to analyze and communicate on transporta@nd real estate development projects.

PIRANDELLO, an integrated transport July 2008, Submittal to 88th TRB Meeting’ 09
and land-use model for the Paris area



J. Delons, N. Coulombel and F. Leurent 8/23

Model objectives and issues for application

Relatively to classic transportation models, PIRANDO accounts for four significant
economic mechanisms:

« Modal choice, and the relation with the car ownigrslecision.

« Selection of trip destinations, according to tramspimes and costs: a global decrease in
speed reduces the average length of trips, buteatnumber.

+ Households’ residential mobility, being influencatthe local level by housing prices,
accessibility or income. Macroeconomic factors sashinterest rates are not considered for they
are assumed not to have locally differentiated ictga

« Formation of real estate prices and real estatplgufhat are both intertwined with the
level of demand

Thanks to the representation of these mechanismsnodel aims at tackling issues such as:

« Analysis of the short and long term effects of hegsnd transportation policies.

« The impact of a new infrastructure on housing icesidential choices, segregation.

- Elaborating sustainable cities, designing poliaefvor of densification, considering the
issue of real estate supply (dwellings, office flgpace) as well as the accessibility required for
the population and jobs that will come to seledteations...

Model scope and main principles

The central objective of PIRANDELLO is to represant analyze the interactions between the
location and the transportation systems. Therefbeefollowing elements fall within its scope:

“Location demand”: microeconomic agents (households or firms) siamdbusly choose a
location, a floorspace area, and the quality/typtheir building (which we synthesize with the
notion of “location demand”). To do so, househdldsle-off between the accessibility procured
by the location and the comfort of the dwellingink$ choose the location that maximizes their
profit relatively to the price of the location aitsl market potential.

“Location supply”: the corresponding “location supply” is descritsdhe local level and for
each market segment in terms of total floorspaplguand price per m2.

Balancing location supply and demand economic agents willing to locate in a given zone
compete for floorspace if total demand exceedsttadable supply.

Transportation supply: it includes the road network and a simplified sien of the public
transit network.

Transportation demand: the demand model estimates the number of tripgdsn the different
zones by mode and by purpose of activity. It ituericed by the location system.

Equating transportation supply and demand this is done classically with the use of
congestion functions.
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Model structure

Similarly to several LUTI models, PIRANDELLO is k&b on a dual structure linking the
location model to the transportation model. Thegportation model feeds the location model
with accessibility measures, while the location elodetermines the land-use patterns that are
used in the transportation model.

The transportation model

The transportation model is a multimodal 4-step eho@he key features of this model are as
follows:

« The transportation model is a static model thasmers four time periods: morning and
evening peak hours, daytime off-peak hours andttné hours.

« It mainly aims at analyzing road transport demahuablic transit is also considered but in
a more simple fashion.

« Spatial distribution of trips is based on discretoice modeling with a multimodal
variable of accessibility.

« The modal choice model is coupled with a car owmprsiodel.

+ The road assignment model accounts for congestiengeralized cost of travel and
distributed values of time in order to efficiendpalyze transportation projects involving tolls.

« The assignment to public transit modes is modeted simplified way, with detailed
representation of rail services only and use afefranpedance OD matrix for bus transport.

The transportation model was first developed in119%hus, contrary to the recent urban model,
it has undergone numerous tests and improvemerdss&nown to be accurate and efficient.

The urban (or location) model

As mentioned in introduction, one key criteriondiesigning PIRANDELLO was to attain within
a reasonable amount of time an operational modeicthuld be calibrated with a sensible amount
of data. Thus several simplifying modeling choieexe made in order to ensure closure of the
project and reaching fixed objectives:

+ PIRANDELLO is a static model;
« Modeling of housing supply and prices formationsisplistic, focus being put on
households and firms location choices.

While there is currently wide support for quasi-dgmc models, the choice of a static model may
seem odd. Yet this decision was made based on ¢lesents:

« Time development of the project: quasi-dynamic nf®dee time consuming

. Data requirements: in the Tle-de-France, severaking surveys are available, but none
of them tackles specifically residential mobility.

+ To the best of our knowledge, it has no been prawad quasi-dynamic models fare
better than static models, and if so under whiactuenstances...
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THE LOCATION SUPPLY IN PIRANDELLO

Let us now turn our attention to the location modglpresenting first the location supply model.

Representation of location supply

Representation of location supply in PIRANDELLObigsed on an exogenous initial condition
(the reference scenario), and an incremental mdldelrspace stocks in alternate scenarios are
derived from the reference scenario.

Description of the housing and business floorspageply

Housing supply is characterized by the stock oidesgial square meters available by zone. In
the initial version, no distinction is being madetveeen different types of residential buildings.
Furthermore, housing stock jperfectly flexible: total floorspace in a zone isefd, but not the
number of dwellings, which is determined by demand.

The same goes for business floorspace: stockai@asured in square meters available by
zone, with currently solely one type of businessipace.

Initialization and evolution of the location stock

During calibration (the reference scenario), lamatstocks are exogenously fixed. By default,
housing supply in alternate scenarios is given btate equation:

: a-b.log(density
() [LJ
Soi) | po;

where 0 represents the reference scengyitptal population in zone and S(i) total available

residential floorspace in zone This equation, based on empirical consideratiaigws
determining the evolution of residential floorsp&aeeach zone at equilibrium.

Evolution of business floorspace per zone is fikgdhe user at the moment. In order to
account for significant residential projects thes¢ already planned, the same may be done in
place of the state equation for the stock of redidefloorspace of any zone.

Demand competition and local equilibrium of the reglential system

Because demand for residential floorspace in a 4sme section below for more detail on
demand) can exceed the available supply, competfoo floorspace may arise between the
households. In such a case, PIRANDELLO determinasmapetitive local equilibrium.
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Since households are price-takers, householdmgvilb locate in a given zone only bid
for surface area. The basic mechanism leadingetdotal equilibrium is fairly simple. Suppose
that there is a large excess of demand in zofke model sorts it out in the following manner:

. Households share available floor space accordiraydertain rule of competition
(see below);

. This leads to smaller surfaces than the ones hoidselwould opt for in the
unbounded case;

. Excess demand leads to higher pri¢escept in calibration where prices are
exogenously set);

. Higher prices, combined to smaller surfaces, ultatyagenerate a utility loss that
spurs some households to relocate in less congastad.

Here is the rule when demand is superior to sugpmyseholds share total zonal floor sp&g@
SO as to equate the marginal utilities of all tbedeholds, which is equivalent to substituting the
market price by a shadow price that integratesdaecity of surface.

Formation of prices in the housing sector

Besides the floorspace sharing rule, a secondileguih mechanism is the formation of housing
prices within each zone. While prices are exogelydissed in the reference scenario, they are
modified in alternate scenarios according to théatian of demand:

) _(ﬂjq

71 ) ) Po,i

il(_)) standing for the relative change in pricegi,— in population, and referring to elasticity
i Poi
of price with respect to demand.

Discussion

Location supply in PIRANDELLO is currently designieda simple fashion. There is no explicit
description of microeconomic agents as regards singply side, which is based on the
description, measurement and evolution of stocksraling to preset rules. As a matter of fact,
covering precisely such a topic would require astenonths of work, since supply mechanisms
are still badly known compared to demand mechaniamg appears in most LUTI models.

However, future versions of PIRANDELLO will incleda more detailed description of
the location supply, with notably segmentationshef housing stock according to the quality and
the status of the dwelling (social/private sectadt senancy/ownership).
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THE LOCATION DEMAND IN PIRANDELLO

Let us now focus our attention on the location desnaVNe first present location demand for
households, then for firms, and lastly discussctiveent model and the developments to come.

The location demand of households

First we consider how households’ residential ob®icare modeled. As will be seen,
PIRANDELLO was influenced by both entropic modefsdaurban economics: thus it shares
common features with Lowry’s moded)(and the monocentric modelQ). Yet, it is micro—
economically founded, contrary to entropic models.

Modeling the household’s residential choice

In the model households, when choosing their hgusmade-off between the comfort offered by
the dwelling and the accessibility to populatiohattthe location provides. It is indeed a trade-
off: while the search for accessibility tends tdhga populations and raise housing prices, the
yearn for surface exerts the opposite effect. Tbisnulation seems similar to the classic
monocentric model1(0). However the description of the housing choicanisre refined, as
regards the consideration of accessibility as aglhe housing comfort issue.

To account for the great variability of househbldsoices, households, stratified by
income, maximize a random utility function depemgdon zone and housing size

U, (i,5)=S/(i,9+S7(i) - 71li)s—¢(.Y)s+&, +m,

whereY stands for the household’'s income (assumed tadoeetke). The global utility function
of the household comprises:

a B
« A utility term assessing “domestic comfortS? @,s) = A(i] (YLJ @+ yInd;). Itis
So

0
a Cobb-Douglas function of surface area and incomt) respective elasticitiea and .
Besides a constant terA a linear term 1pnd, wherelnd; designates the share of individual
housing in zong, represents the households’ preference for indaliiousing.

N Y7 A
. An accessibility term S3(i) =T|Og(2lly,y- Pjy: eXF{—W(W%ij +Cjj )n
By

which is the usual log—sum formula used to comjteessibility to a set of populationsxp,
based on travel-timig and travel cost; between zoneand;. 4 is the factor relating the value of
time to the hourly wage.

« Aresidential cost including the housing prig@s and local housing tax(i,Y)s

« An idiosyncratic fixed effect;y, proper to income clas¥ and zonei. It might be
interpreted as a form of valuation of urban ameasipresent in zorieby classy.

+ A random terny;, which follows Gumbel’s law.
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The location choice

Since random term; follows Gumbel's law, the household maximizatiorogram leads to a
multinomial logit formulation. Therefore, househslgrobability of settling in zoneis:

P (i) = S, (i) exr{aﬂl(i s(i,Y))}
Y s G)exsedd, (5,80, ))

whereS, (j) represents total floorspace in zgrend U, (i, s)the household deterministic utility,
i.e.U, (i,s) deprived of random termy.

Modeling the location choices of firms

The second module of the location model is focumedhe location choices of firms. It aims at
representing the following phenomena:

« The spatial distribution of jobs, jobs being lozali in the most efficient locations
considering their specificity.

« The paramount role of accessibility for certaingymf jobs, such as proximity jobs (e.qg.
bakeries, banking services, hair dressers...) ané g@merally services jobs.

This second point is particularly important sincesmof the activity in the Greater Paris Area
belongs to the tertiary sector, that is to sayisesv In 2006, the service industry accounted for
85% of the total gross value added in this regégainst 77% for France. Consequently we make
the assumption that all jobs pertain to the serwnthistry within the study area. Secondly,
PIRANDELLO locates jobs on a single basis, rathantfirms, which would prove much more
complex (one would have to account for the differeimes of firms, their location strategies
relatively to suppliers or retailers...). Thus we ube term “unit firm”, one unit firm being
equivalent to one job.

The production and profit functions of the seriiogdustry

Considering the phenomena that the module wishesldoess, the average production function
per job of the service industry is given by a Cdaldatglas function of wage and accessibility:

Qli,w) = kw? Ai,w)°

wherew is the wage, with elasticitg, A(i,w) the accessibility of zone for wagew, with
elasticityb, andk a constant term. Thus increasing the accessilufitg given zoneé increases
the average productidd(i,w) of a job with wagev. Wages are exogenous in the model.

Given this production function, the profit per ufirm is obtained by subtracting wage
and floorspace price to the average productionhef firm, and adding a fixed effect and a
random term that account for local and job-basetkrbgeneities. This brings about the
following formulation:
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n(i,w)=Q(i,w)-w—(n(i)+ ¢(i))sli) + &, +7,
with the following notations:

- mi(i): price per square meter of office floorspace
¢(i): local taxes in zoneper square meter of floorspace

« g(i): office floorspace per unit firm
+ & idiosyncratic fixed effect similar to the one gpeat in the housing model
+ 752 random term following Gumbel’s law

Location program of firms

Each unit firm maximizes its profit subject to ftedlowing constraints:

maxr(i,w) st.

ZW:L(i,W)s(i)s S (i)
> Ll w) = 1L,(i)

w

S (kw? Ai,w)® - 7i)s(i) )i, w) = GRP

iw

where L(i,w) is the number of jobs with wag® in zonei. The three constraints represent
respectively:

+ The total available floorspac&(i) constraint that allows to determine the office
floorspace per jol(i);

+ The employment constraint: aggregation of jobs ovages gives the total number of
jobsLy(i) in a given zoneg,

The production constraint: aggregation of productiwer jobs gives the gross regional

productGRP.

The three element&(i), Lo(i) and GRP are exogenous variables that set the level of each
constraint.

Since 7, follows Gumbel’s law, the profit maximization pmagn brings about the following
probability for a job to locate in zone

p(i) = exr{ (kV\FA (i,w)° —w— (i) + ¢(i))5(i)+5i.w)}‘_|_(i)
Zexd— (kV\FAl,W _(n(')+¢(i))s(i)+5i,w)} 0

st .Z(kwaA(l,w) ~ i )s())L(i,w) = GRP

iw
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Discussion

Concerning housing demand

First, it is important to note that PIRANDELLO is igro—economically founded, with
neoclassical considerations such as utility maxatiin, and a proper description of housing
demand (consisting in both location and floorspai@a). Contrary to mechanistic models such
as Lowry’s model or its derivatives, this allows foterpretation of the model’s outputs and even
more importantly for welfare analysis.

Secondly, formulation of the household program liegppthat the individual housing
demand is characterized by the following features:

« For a given income class, residential location ohas influenced positively by available
floor space in zone, accessibility to populations, housing surfacee #hare of individual
housing in zong, and by a fixed effect v. It is affected negatively by local tax level acerage
housing price in zonie

« Choice of housing size is influenced positively mcome and the proportion of
individual housing in zong and negatively by average housing price andeegl loperating in a
given zone

This tends to validate our formulation since thiesf most variables in determining location or
surface area correspond to intuition or known tesul

Thirdly, PIRANDELLO takes into account urban ams in two ways: through the
estimation of the fixed effectiy, and through the accessibility—to—populations te@(i).

Income segregation can therefore be modeled, #imedast term allows accounting for any type
of preference for a given income class. Calibrat@dnPIRANDELLO thereby exhibits a
preference of income groups for their own classtt@nother hand, several urban amenities, e.g.
presence of schools, malls, ..., are not explicitpsidered. However, because their presence is
strongly linked with density, and consequently waittessibility, they are most probably either
captured by the accessibility term or the fixeaeffterm.

Current developments

Standard of the dwelling To improve the representation of the housingketarone current
development lies in integrating the variations t#nsling between dwellings. Indeed, housing
goods differ substantially between affordable hews®d luxurious residencies, in the utility they
procure as well as in their price. Besides, eachrire class usually turns to the most appropriate
segment according to its financial capacity.

To account for these phenomena, the utility tesseasing residential comfort is amended
by switching ¥/Yo)’ with (Y/Yo)*** wherey accounts for the standing of the dwelling:

+ For luxurious dwellingg >0
« For more humble residencgs0

This formulation proves particularly relevant: weéhilll income classes exhibit preference
towards greater quality (singeincreases with quality), the greater the incorhe, dreater the
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valuation of this characteristic. Therefore richeruseholds will be willing to pay more for
guality than other households, which is quite iinei

First implementations seem promising and do affeddter households to the highest
qguality dwellings, while low-income households tuto more affordable housing. This
mechanism will allow for a better representationiméome segregation, by considering the
influence of the supply side (development choiceeim of the quality of the housing projects).

Structuring the choices of households Another significant development aims at struamithe
residential choices of households at two levelsledision. At the upper level, two couples of
options are considered: ownership/tenancy andse o&tenancy social/private sector. Because
these three segments exhibit significant differenoeprices, available supply, characteristics of
the housing stock, and residential mobility, thiidction is of paramount importance.

This would be first achieved by distinguishing theee corresponding types of housing
stocks. The second step would consist in modifyirey assignment mechanism of each sector.
For the social sector for instance, in first apjpmation households living in HLM could be
located exogenously to account for the lower redidemobility of this segment. In the longer
term, the aim is to account for the transitionsmMeen the different segments, notably based on
the price differentials.

At the lower level, the zonal options could beasriged in option subsets, to account for
instance for transport characteristics and theasdn of the zone: zones close to a pole could be
separated from zones in the suburbs, which woulthin be divided between the zones with
good access to public transit against isolated zamelying an intensive use of car. Following
this idea, the zoning system provided by the IAURIBvides a good starting point to classify
the different zones:

mm Paris
B Inner suburbs
[ Outer suburbs

M Fringes of the
agglomeration

1 "Villes Nouvelles"

[ Accessible
Secondary poles

M Isolated
Secondary poles

[ Rural

FIGURE 1 The IAURIF Zoning System.

This zoning system accounts particularly well foe transport characteristics of a zone, and its
situation in the region according to its centréhar secondary centers.
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APPLICATION SETTING AND CALIBRATION FOR THE PARIS
METROPOLITAN AREA

The aim of this section is to validate our locatimodel and point out the potentialities of
PIRANDELLO by exposing the first significant resutibtained during the calibration process.

Application setting

Zoning system The area of study is divided into 415 zones #natused for both the urban and

transportation model. This mutual zoning systenoants for the main spatial features such as
the structure of human activity or of the transpton network; notably when density rises, the
size of the zone decreases.

Transportation model While a detailed representation of the netwarkised for the private
mode (car), public transit services are implemented more simple fashion with a detailed
representation of rail services and the use ohweetrimpedance OD matrix for bus transport.
Transit fares are not considered.

Location supply and demand segments Eight household income classes are considertd wi
average income ranging from 4000€ to 69000€ a y&iae or socio-economic characteristics of
the household are not considered for the time beimilarly services firms are split into two
wage classes, with respective average wages oD£30@d 38000€ a year.

As regards the supply side, the model is curresglywith one type of housing and one
type of business floorspace.

Calibration of the residential model

The residential model is calibrated with tBequéte Globale de Transpd@®01-2002 a detailed
household mobility survey regularly carried out flee Paris metropolitan area. Because it covers
the socio-economic features of the household, dsasghe characteristics of its dwelling, this
database can be used for the calibration of baghtthnsportation and urban model, giving
coherency to the estimations. The notaries’ BIEKlase provides the average housing prices
per zone.

The first and most significant result of calibeatilies in the following propertythe
utility of each income class is quasi-constant fall zones(or equal to zero when no household
of the given income class is present in the zoamlthis constant rises with income More
precisely, intra-class variations of utility areghigible compared to inter-class variations of
utility.

First, this result implies that households substitperfectly accessibility and comfort.
Secondly, it bears similarity with the monocentriodel, in which households of a given income
class all attain the same utility level at the larsé equilibrium, level which increases with the
income of the class. Yet PIRANDELLO accounts fociabmixing within a zone, while the
monocentric model completely segregates the difteiecome classes. Lastly, Figure 5
underlines the role of the distance to the centrethe agglomeration in this trade-off,
phenomenon once again similar to the monocentrigeio
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While households pertaining to th8 ihcome class (well-off households) retrieve théampart
of their utility from accessibility in the centef the agglomeration, they opt for greater domestic
comfort when settling farther from the CBD.

It can also be shown that the local equilibriundelgrovides consistent estimates of:

+ Average surface area by income: as observed theage surface area per person rises
with income

+ Average housing budget share by income: it decsegislually from 30% for the lowest
income class to 11.4% for the highest. While thelehslightly underestimates housing budget
shares (se®), it accounts well for the influence of income.

Calibration of the firm location module

Calibration of the firm location module is carriedt thanks to the survey DADS (standing for
Yearly Declaration of Social Data) provided by tHeSEE, the main French institute of

economical statistics. Due to the constrained fafnthe program (see the location demand
section), we proceed to an estimation using thetcaimed maximum likelihood method.

To validate our model, Figure 3 confronts for eaohe the estimated number of jobs to
the observed one.

Estimated Number of Jobs

o om0 om0 om0 50000 6000 70000 MO0 50000
Observed Number of Jobs
FIGURE 3 Simulated vs. observed number of jobs.

This strong fit to the observed data underlinespitiential of the firm location model.
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APPLICATION: THE CASE OF AN URBAN TOLL

In this section we present succinctly the analgéis study case: an urban toll around Paris. Each
car trip going inside or outside of Paris is fai€€. The goal of this application is twofold:

« To underline the sensitivity of the location model
- To test and validate the model

Let us first consider the variations of populatioggered by the policy. The urban toll
favors suburbanization as is shown on Figure 7ortter to avoid the costly toll, people move
out from the central zone and relocate in the ourgs of the agglomeration.

Yet, restricting this analysis to th& Thcome class (high-income class) mitigates this
result. Richer households, being less sensitivieatasport costs, take advantage of the reduced
competition for floorspace within Paris inducedthg toll. This leads to population increases for
this class within several zones of the capital.

On the other hand, if we now consider the vanetiof accessibility for the"2income
class (low-income households), figure 7 underlithed their accessibility is dwindled within the
central zone, resulting from the combination ofhleigtransport costs and the migration of lower
income classes towards the most peripheral arethe aigglomeration.

To sum up, this quick analysis has provided prowed and intuitive results. While this
would tend to corroborate the achievement of the oljectives set at the beginning of the
section, further study cases must be tested, titiisgreater care, to confirm this point.
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CONCLUSION

PIRANDELLO displays three major qualities that maikea promising tool for analyzing
transportation and land-use policies:

+ It requires a reasonable amount of data for caldmmaAs regards the residential model
census databases would in most cases prove safficie

« The most significant mechanisms relative to thation choice of economic agents are
accounted for.

« Its intuitive notions (accessibility, residentiabrafort) are easily understandable by
decision makers.

First results of calibration support our point FARANDELLO fits well the observed situation of
the Paris metropolitan area, and provides intuitinadfare indicators. Application to the case of
an urban toll confirms the sensitivity of PIRANDEOLand tends to validate the model by
exhibiting results conform to intuition.

The choice of a static urban model may be discusep@nding on the policies one wants to
analyze. Because PIRANDELLO considers long termilibgums, it cannot account for the
different temporalities of urban change, nor cabeituseful for determining the optimal timing
for a set of given projects. Yet, when considetimganalysis of a project where the timing factor
is not of the utmost importance, the superioritygoasi-dynamics models to a static model has
yet to be thoroughly exposed. Comparative testh sgscwere carried out during the ISGLUTI
project (L1) could prove enlightening relatively to this issue

PIRANDELLO is an ongoing project: further developrt®include above all a more detailed
representation of the structure of households’desgial choices according to higher level
(ownership/tenancy, social/private sector) and loereel (lifestyle) sets of options. In the longer
term, PIRANDELLO aims at a better representatiobath the formation of housing supply and
housing prices.

REFERENCES

(1) Government Report (2008), “Etats Généraux du buge en lle-de-France”, Available
online at:http://www.ile-de-france.equipement.gouv.fr/artiplep3?id article=1208

(2) David Simmonds Consultancy in collaboration wMharcial Echenique and Partners Limited
(1999), “Review of Land - Use/Transport Interactiddodels”, Reports to The Standing
Advisory Committee on Trunk Road Assessment (SACTRA

(3) Gerrit Tuinenga J., Pieters M., and Debrincat (R006), “ANTONIN: Updating and
Comparing a Transport Model for the Paris Regidfpceedings of the European Transport
Conference 2006, Strasbourg, France

(4) Du Crest T. (1999), “Modélisation interactive geadu sol - Ttansport, Présentation d'une
application sur Lyon a l'aide du logiciel TRANU®¢tes INRETS n°83, pp 103-110

PIRANDELLO, an integrated transport July 2008, Submittal to 88th TRB Meeting’ 09
and land-use model for the Paris area



J. Delons, N. Coulombel and F. Leurent 23/23

(5) Nguyen-Luong D. et alii (2007), “SIMAURIF: Modéldynamique de SIMulation de
l'interAction Urbanisation-transports en Région-dle-France. Application a la Tangentielle
Nord”, Rapport Final de 2éme Phase pour le PREDIT

(6) Nicolas J-P. (2008), “SIMBAD: Simuler les MoBé# pour une Agglomération Durable”,
Journée MEDAD Politiques de Transport, Prospeaiv@utils, Paris, 28-29 janvier 2008

(7) Coulombel N., Deschamps M. and Leurent F. (200Rgsidential choice and households
strategies in the Greater Paris Region”, Procesdnfighe European Transport Conference 2007,
Leeuwenhorst, The Netherlands

(8) Debrand T. and Taffin C. (2005), “Les facteunusturels et conjoncturels de la mobilité
résidentielle depuis 20 ans”, Economie et Statistigvol. 381-382, pp.125-146

(9) Lowry I.S. (1964), “A Model of Metropolis”, Santdonica, CA: Rand Corporation

(10) Fujita M. (1989), “Urban Economic Theory: Land dJand City Size”, University of
Cambridge Press

(12) N. Paulley, F.V. Webster (1991), "Overview of laernational Study to Compare Models
and Evaluate Land-use and Transport Policies", Sfrart Reviews, Vol. 11, pp. 197-222.

PIRANDELLO, an integrated transport July 2008, Submittal to 88th TRB Meeting’ 09
and land-use model for the Paris area



