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aux projets de la vie doctorale. Au sein de SMART-LERECO, je tiens à exprimer ma
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à Fabienne de m’avoir appris à utiliser un percolateur afin de faire du café pour les
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Dans cette aventure scientifique, je ne peux pas oublier ce fameux bureau 108 au CREM

avec mes amis May Attallah et Guillaume Beaurain sans qui la thèse n’aura pas été ce
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Résumé en français

Depuis 2007, la population urbaine mondiale est supérieure à la population rurale. Elle

s’élevait à 4 milliards de personnes en 2014 (ONU, 2014). Les villes sont actuellement con-

frontées à une croissance fulgurante, en particulier dans les économies en développement

comme la Chine, l’Inde et le Nigeria. Le nombre de villes ”millionnaires” a été multipliée

par six entre 1950 et 2010. En effet, 75 villes comptaient plus d’un million d’habitants

en 1950 contre 449 en 2010 (Seto et al., 2014). Parmi ces villes, 71 sont devenues des

mégapoles1, telles que Tokyo, Sao Paulo, Shangai, Los Angeles et Manille ; 45 d’entre

elles sont situées sur le continent asiatique, notamment en Inde et en Chine (ONU, 2014).

La croissance urbaine est le résultat de l’exode rural dans ces pays. Les gens se rassem-

blent dans les zones urbaines, mais un tiers d’entre eux vivent dans des bidonvilles pour

deux raisons principales. Les villes en développement ne construisent pas autant de lo-

gements que nécessaire, et les droits de propriété foncière ne sont pas clairement définis,

ce qui se traduit par l’expansion des bidonvilles. Dans les pays développés, les économies

d’agglomération ont favorisé l’urbanisation des villes occidentales depuis le début de la

révolution industrielle au XIXe siècle. Les entreprises et les travailleurs bénéficient de

meilleures conditions salariales et d’une meilleure diffusion des idées et des innovations au

sein des villes (Glaeser, 2012).

Cependant, l’urbanisation croissante présente des inconvénients majeurs tels que la pol-

lution atmosphérique, les émissions de gaz à effet de serre (GES) et les externalités de la

congestion dues au transport dans les villes adaptées aux automobiles ; ces inconvénients

surviennent malgré les avantages des économies d’agglomération (Fujita et Thisse, 2013

; Kahn, 2010). En France, les villes ont été conçues pour être adaptées aux voitures

particulières depuis la mise en œuvre des politiques de transport urbain sous le man-

dat de Georges Pompidou à la fin des années 1960 (Mirabel et Raymond, 2013). Les

effets néfastes sur l’environnement, les problèmes de congestion urbaine et l’utilisation

accrue des terres agricoles (depuis les années 1980) remettent en question le paradigme de

la ville conçue pour l’automobile (Cavailhès, 2015). De plus, certaines études prévoient

1Les mégapoles sont les coeurs urbains généralement peuplés de plus de 5 millions d’habitants.
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Résumé en français

une augmentation significative du coût de ces externalités négatives de l’urbanisation au

cours des 10 prochaines années. Par exemple, les coûts directs de la congestion (valeur

du carburant et du temps perdu) pour l’ensemble des ménages parisiens devraient passer

de 6,2 milliards à 10 milliards de dollars entre 2013 et 2030 (CEBR, 2014). Les villes

expérimentent et mettent en œuvre des politiques pour réduire ces effets négatifs et les

rendre plus attrayantes. De nouvelles voies routières sont construites, la disponibilité et

la fiabilité des transports en commun sont améliorés et la mise en place de péages urbains

est évoqué. L’opposition politique à l’introduction de taxes empêche les villes de réduire

leurs émissions provenant de la circulation et l’utilisation de la voiture comme principal

moyen de transport pour se rendre au travail. Les formes urbaines peuvent jouer un rôle

clé concernant ces conséquences négatives. Le développement des villes polycentriques est

récent et peut être une stratégie pour réduire la pollution et les embouteillages (Storper,

2013 ; Gaigné et al., 2012).

Tout d’abord, nous soulignons les problèmes économiques et environnementaux causés

par l’utilisation croissante des véhicules particuliers dans les zones urbaines, la congestion

et la pollution qui en résultent en raison d’une utilisation plus intensive des infrastruc-

tures routières. Deuxièmement, nous nous concentrons sur le rôle joué par les différentes

structures urbaines et le choix modal afin de déterminer leurs impacts sur l’évolution des

émissions de GES et la congestion routière. Ensuite, nous évaluons les politiques urbaines

visant à freiner ces externalités négatives. Enfin, nous décrivons notre méthodologie de

modélisation des villes et nos trois chapitres sont résumés.

Les coûts élevés de la congestion et de la pollution en

zones urbaines.

Aujourd’hui, 10 millions de déplacements ont lieu chaque jour dans les zones urbaines. La

congestion de la circulation est un problème pour les grandes agglomérations dans le monde

entier. La congestion des routes urbaines survient principalement pendant les heures de

pointe des trajets domicile-travail. Comme les activités économiques sont concentrées dans

l’espace en raison des économies d’agglomération, les travailleurs résident dans les villes

près de leur lieu de travail. Ces économies dépendent de l’arbitrage traditionnel entre les

économies d’échelle et les coûts de transport (Brueckner, 2011). Les coûts de congestion

sont importants car les ménages et les entreprises perdent du temps et du carburant. Ces

dernières perdent à la fois de la productivité et de l’efficacité en raison de leur emplacement

et de leur secteur d’activité, si leurs travailleurs arrivent en retard au travail. En outre, les
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Résumé en français

entreprises de logistique souffrent des retards de livraison dus à des temps de déplacements

supplémentaires au sein des villes.

Les coûts de congestion. Les coûts économiques de la congestion sont relativement

élevés. Les propriétaires de véhicules ont des coûts directs liés à l’achat, à l’entretien, à la

dépréciation de la valeur, à la consommation de carburant et au stationnement. En outre,

il y a des coûts indirects, tels que les coûts de congestion, qui se mesurent en temps et en

carburant gaspillés dans les embouteillages. En 2001, les Américains passaient en moyenne

161 minutes par jour dans un véhicule privé (Duranton et Turner, 2011). Il y a eu une

diminution du temps de déplacement en raison de la crise économique de 2011 à 2013

(CEBR, 2014). Toutefois, l’activité économique s’est redressée et les villes américaines

restent parmi les plus congestionnées du monde. Par exemple, un navetteur vivant à Los

Angeles passe 102 minutes par jour dans le trafic aux heures de pointe (Cookson, 2018).

En France, 37,2 millions de véhicules étaient en circulation selon l’enquête ”Transport et

déplacements 2008” (CGDD, 2010). Le temps de trajet quotidien a atteint 56,4 minutes

en France en 2008 (CGDD, 2010). La distance parcourue par chaque Français (actif et mo-

bile) a augmenté de 8 kilomètres entre 1982 et 2008, soit une augmentation de 45% en 26

ans. Dans une région densément peuplée comme Paris, les temps de trajet domicile-travail

ont duré 75 minutes en moyenne en 2008, malgré le fait que les distances parcourues soient

plus courtes qu’en 1982. Les navetteurs de Paris ont perdu 55 heures en moyenne dans la

circulation pour leurs déplacements domicile-travail en 2013 (CEBR, 2014). On observe

l’écart entre les temps de trajet pour les déplacements professionnels en heures de pointe

et creuse pour la ville de Lyon en 2014. Les temps de trajet augmentent avec la distance

par rapport au centre des affaires principal. Les temps de trajet en heures de pointe sont

plus longs qu’en heures creuses. Un conducteur passe 26 minutes pour un aller-retour

moyen aux heures creuses, alors qu’il lui faut 32,4 minutes aux heures de pointe. Cela

représente une augmentation de 25% en moyenne. De plus, les embouteillages induisent

des émissions de dioxyde de carbone provenant de la circulation au ralenti des véhicules.

Les coûts de la pollution. La croissance des émissions de GES dans le secteur des

transports est due à l’utilisation croissante de véhicules privés et à la baisse des densités

dans les zones urbaines depuis le milieu des années 1950 (OCDE 2014a). Plus d’un mil-

liard de véhicules à moteur (voitures particulières, bus et camions) circulent depuis 2010

dans le monde, et la demande de véhicules particuliers, induits par les pays émergents, va
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Figure 1: Temps de trajet en heures creuse et de pointe (minutes) par communes de l’aire
urbaine en fonction de la distance à la commune centre en 2014.

augmenter dans le futur (Rode et al., 2014). Selon un scénario de statu quo, 800 millions

de véhicules supplémentaires viendront compléter le parc automobile mondial d’ici 2050

(PNUE, 2011). Les scientifiques du Groupe d’experts intergouvernemental sur l’énergie et

l’évolution du climat (GIEC) prévoient un doublement des émissions de GES d’ici 2050.

Cette augmentation est principalement due à l’urbanisation rapide des pays émergents

et en développement (ONU, 2014)2 Aujourd’hui, l’Afrique et l’Asie sont les principaux

continents touchés par cette urbanisation rapide, en particulier l’Inde, la Chine et le Nige-

ria (ONU, 2014). Les transports sont responsables du quart des émissions de dioxyde de

carbone (CO2) dans la consommation d’énergie de tous les secteurs. Nous prenons prin-

cipalement en compte le CO2 parce que ce gaz contribue le plus à l’effet de serre, selon

l’Agence internationale de l’énergie (AIE, 2012). De plus, la demande globale d’énergie

provenant du secteur des transports augmentera en moyenne de 1,3% par année d’ici

2035. Cette pollution résulte de l’utilisation accrue de la voiture particulière qui affecte

les mégapoles dans les pays émergents (AIE, 2012). Les effets sur la santé sont drama-

2Le taux d’urbanisation, mesuré par le nombre d’habitants vivant en ville, était similaire en 1990 au
Brésil et aux Etats-Unis. Cependant, il a fallu 30 ans au Brésil pour atteindre ce taux, contrairement aux
États-Unis, où il a fallu 90 ans (Henderson, 2002).
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tiques. La pollution de l’air par divers gaz à effet de serre et particules fines provoque les

décès prématurés de 3,2 millions de personnes par an (OCDE, 2014b). Les pays développés

et en voie de développement sont affectés.

Les émissions de GES dépendent de la forme urbaine qui induit une distance maximale

à parcourir entre les lieux de travail et les lieux d’habitation. Les émissions dépendent

également du niveau d’activité dans les villes (mesuré en tonnes ou en passagers-kilomètres),

l’énergie consommée par habitant et les carburants utilisés pour chaque mode de trans-

port (Gwilliam, 2002). Pour réduire les émissions de GES, des politiques de densification

devraient être mises en œuvre, car la densité de population semble être une variable clé

(Zheng et al., 2011 ; OCDE, 2012). Les villes à forte densité de population par kilomètre

carré sont sujettes à des émissions de CO2 moins élevées par habitant. De plus,
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le graphique précédent suggère que les villes asiatiques sont plus ”vertes” que les villes

américaines conçues pour l’automobile en raison de (i) leur forte densité de population

et (ii) l’utilisation des modes doux (vélo, marche, etc.) et des transports publics pour se

rendre au travail (OCDE, 2012). Sur la base de ce constat, le modèle de la ville com-

pacte stimule les débats entre économistes et les décideurs politiques urbains parce que

ce modèle concilierait le développement économique et la durabilité des villes (OCDE,

2012 ; Newman et Kenworthy, 1989 ; Glaeser et Kahn, 2010). Les villes plus denses

sont synonymes de proximité entre les entreprises, d’effets d’entrâınement et des rende-
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ments d’échelle croissants (Krugman, 1991). Henderson (2002) examine les avantages

des économies d’agglomération dans les villes, qui ont été largement démontrées dans la

littérature. Dans les grandes villes, les entreprises et les travailleurs gagnent plus grâce

au regroupement, à la spécialisation, l’innovation et le processus de diffusion des connais-

sances (Henderson, 2002 ; Duranton et Puga, 2004 ; De la Roca et Puga, 2017, Puga,

2010). Cependant, les grandes villes induisent des coûts sociaux qui sapent la croissance

économique. Les coûts fonciers dans le centre principal d’affaires d’une ville ” monocen-

trique ” force les ménages à s’installer plus loin, ce qui conduit à l’étalement urbain.

L’étalement urbain est un facteur clé concernant les externalités de conges-

tion et de pollution. L’accent devrait être mis sur les relations existantes entre les

organisations spatiales et les flux de transport (Rode et al., 2014). La croissance ur-

baine s’est accélérée au cours des 50 dernières années et a entrâıné une consommation

massive de terres agricoles (OCDE 2014a ; Cavailhès et al., 2015). Simultanément, ces

villes existantes ont commencé à s’étendre en observant une diminution de leur densité

de population (Angel et al., 2011). L’absence d’une gouvernance et d’un contrôle solides

en matière de planification urbaine ont favorisé ce phénomène (Henderson, 2002). Entre

la fin des années 1990 et le milieu des années 2000, la croissance des zones urbaines a

été plus que proportionnelle à la croissance démographique des villes. Par exemple, entre

1990 et 2015 en Chine, les zones bâties ont quadruplé, tandis que la population urbaine a

presque triplé (Chen, 2018). Le développement des centres dortoirs et des banlieues est le

résultat de nombreux facteurs socio-économiques (aménagement du territoire, zones com-

merciales périphériques, coûts de transport, espace de vie disponible par habitant, etc.).

Par conséquent, l’étalement urbain implique des distances parcourues plus longues vers

les lieux de travail et une plus grande dépendance à l’égard de l’utilisation de la voiture

particulière pour les ménages vivant dans des zones à faible densité (Hubert et al., 2016 ;

Pouyanne, 2007 ; Breheny, 1995).

L’absence de prise en compte des externalités négatives (congestion, pollution, accidents,

problèmes de santé, ) a favorisé l’étalement urbain. Ce phénomène affecte les villes asia-

tiques, notamment en Chine et en Inde, en raison d’une planification ou d’une réglementation

fixant une limite de taille des logements en milieu urbain (Rode et al., 2014 ; Bertaud et

Brueckner, 2005 ; Borck, 2016). En outre, certaines villes comme Londres ou Hambourg

ont choisi de se redensifier (Floater et al., 2013). Il y a une augmentation des investisse-

ments dans les transports publics dans le monde entier et de la part modale du système

de transport en commun a augmenté dans certains pays de l’OCDE (Sims et al., 2014).

Ces changements sont principalement le résultat d’une volonté politique et d’une exigence
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citoyenne d’une meilleure qualité de vie qui vont au-delà des considérations économiques.

Par conséquent, les coûts urbains sont un problème que chaque ville doit résoudre pour

rester attrayante et réduire leur empreinte carbone. De toute évidence, la volonté poli-

tique est importante en ce qui concerne les politiques de transports urbains (Chen, 2018).

Différentes politiques existent et ont été mises en œuvre dans le passé. Nous passerons en

revue ces politiques urbaines et évalueront leur efficacité en mentionnant que peu d’études

se sont concentrées sur les impacts de ces politiques urbaines dans les villes polycentriques.

Politiques visant à faire baisser les émissions de GES

et la congestion en zones urbaines.

Les politiques urbaines peuvent réduire efficacement les émissions de GES en mobilisant

de nombreux acteurs tels que les collectivités locales, régionales et les autorités publiques

nationales (OCDE, 2014a). Le développement de villes compactes offrant des services de

transport en commun efficaces et l’amélioration des infrastructures liées aux modes doux

(c.-à-d. non motorisés) de transport est promu par le GIEC. En effet, plus la part des

modes de transport utilisant moins de carbone dans les déplacements de personnes et de

marchandises est élevé, plus les émissions de CO2 par habitant sont faibles (Bongardt et

al., 2013). Une combinaison de politiques foncières et de planification urbaine orientées

vers un espace limité pour la voiture particulière et une proximité entre sites résidentiels

et commerciaux permet de réduire l’empreinte carbone d’une ville (Suzuki et al., 2013).

Les politiques de gestion de la congestion par les péages ne sont appliquées que dans

quelques villes du monde (Londres, Singapour, Stockholm, Trondheim, Oslo, etc.) comme

le soulignent Fosgerau et De Palma (2013). Les préoccupations politiques et le coût

électoral d’initiatives impopulaires expliquent cette absence de mise en œuvre de la fiscalité

routière (Fosgerau et De Palma, 2013).

Taxation. La fiscalité (positive ou négative)3est un moyen à la disposition des membres

d’un conseil municipal pour atteindre des objectifs de durabilité urbaine. Elle permet

de modifier le comportement des consommateurs en les influençant afin d’acheter et/ou

d’utiliser des modes de transport vertueux. Une taxe sur les émissions de carbone ou un

péage urbain visent à faire payer les externalités négatives (congestion, accidents, pollu-

tion de l’air, etc.) qui proviennent de l’achat de véhicules qui ne respectent pas certaines

3Une réduction d’impôt ou une subvention de l’État est considérée comme une fiscalité positive
puisqu’un agent économique est récompensé par un changement de comportement. Inversement, le
paiement d’un impôt ou d’une taxe fait partie de l’imposition négative.
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normes environnementales par des personnes qui les imposent à la collectivité. Toute-

fois, cette stratégie reste inefficace si la taxe ne correspond pas au coût marginal induit

comme dans le cas des taxes sur les carburants (Rode et al., 2014). La mise en œuvre de

systèmes de tarification de la congestion est souvent préconisée comme une solution pour

internaliser les coûts sociaux du transport (GAO, 2012 ; Eliasson et Mattsson, 2006). Ces

péages de congestion ont deux objectifs : (i) réduire la quantité d’effets externes négatifs

(congestion, pollution, émissions de gaz à effet de serre), et (ii) fournir des ressources

financières afin de développer une offre alternative de transport public. Singapour, Oslo,

Stockholm et Londres ont mis en place des péages urbains et mènent des politiques de

lutte contre la congestion. En outre, les transports publics sont encouragés et la qualité

de service est améliorée.

Depuis l’introduction d’un péage urbain à Londres en 2003, le trafic a diminué dans la

zone où les navetteurs paient une taxe (Santos, 2005). Les recettes de péage ont été

utilisées pour financer l’amélioration du système de transport public (fréquence, entretien,

etc.). La Norvège a mis en place des péages de cordon à Trondheim, Oslo et Bergen, par

exemple. Ce système a également permis de réduire le trafic dans les centres-villes mais

aussi financer des infrastructures à forte capitalisation telles que les tunnels et les ponts.

Singapour est une ville-État qui a mis en place son péage urbain en 1975 pour gérer la

fluidité du trafic tout en favorisant les transports en commun, le covoiturage et les modes

de transport doux (p. ex., le vélo et la marche). Le système ERP de Singapour est un

système de péage variant dans le temps qui fait payer les navetteurs davantage pendant

les heures de pointe le matin (7-8h) et en fin d’après-midi (18 h). Ces politiques de péage

urbain sont rares et permettent de réduire les flux de trafic et les émissions de CO2 dans

les zones concernées (Fosgerau et De Palma, 2013). Cependant, elles ont des effets pervers

tels que le report de la congestion vers d’autres routes sans péages (Santos, 2005). En

outre, l’augmentation du prix des logements dans les zones taxées a une incidence sur le

bien-être des locataires vivant dans ces secteurs (Tikoudis et al., 2015 ; Segal et Stein-

meier, 1980). L’allocation spatiale des emplois et des ménages n’est pas optimale à court

terme pour des localisations données lorsque les taxes sont appliquées. Les ajustements

des emplacements des entreprises et des ménages à long terme doivent être pris en compte

pour évaluer l’efficacité de ces politiques.

La mise en œuvre des péages urbains est un défi, comme à Stockholm (Eliasson et Matts-

son, 2006). La future loi française sur la mobilité prévoit que chaque ville française de

plus de 100 000 habitants peut mettre en place un péage urbain. A ce stade, les autorités

locales ne peuvent les imposer qu’à titre expérimental pour une période maximale de trois
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ans. Aucune expérience n’a été menée en France. Des alternatives telles que des politiques

visant à accrôıtre la densité de la population dans les zones urbaines sont souvent moins

controversées.

Les impacts des politiques urbaines de densification. Rode et al., (2014) mon-

trent que la densité urbaine (population/hectare) est une variable critique lorsqu’il s’agit de

réduire les investissements dans l’infrastructure routière et d’autres services pour l’habitat

(eau, assainissement, etc.). Une ville dense et clairsemée, offrant un bon service de trans-

port public nécessite moins d’investissements dans des infrastructures. L’offre de trans-

ports publics est plus efficace en termes de coûts d’exploitation dans les zones urbaines

denses. Par exemple, les communes françaises les plus denses couvrent 3,5% du territoire

; elles représentent la moitié de la population totale d’une région résidentielle moyenne de

1 000 habitants au kilomètre carré en 2008 (CGDD, 2010). Par conséquent, ce niveau de

densité est un marché potentiel pour un système de transport en commun efficace. In-

versement, une ville faiblement peuplée accrôıt le besoin d’infrastructures routières et de

fourniture de services sur de plus grandes superficies. En outre, la dépense de carburant

par habitant est plus élevée dans une ville dispersée que dans une ville compacte (Houston

vs Copenhague, voir Laconte, 2005). Duranton et Turner (2017) et Blaudin de Thé et

al. (2018) démontrent qu’une augmentation de la densité de population est associée à

une diminution de la consommation de carburant et du nombre de véhicules-kilomètres

parcourus dans les zones urbaines.

Les restrictions relatives à la taille et à la densité des bâtiments peuvent avoir des ef-

fets négatifs tels que de l’étalement urbain, qui induit une diminution de l’offre de surface

au sol (Rode et al., 2014). En effet, les politiques qui limitent la hauteur des constructions

créent de l’étalement urbain en augmentant le prix des terrains dans la zone de restriction

(Bertaud et Brueckner, 2005). La densité de la population diminue près du centre-ville

et augmente en périphérie. Il en résulte une augmentation des distances moyennes entre

le domicile et le lieu de travail dans le cas d’une ville monocentrique et des émissions

associées à ces déplacements. Ces émissions peuvent même être amplifiées dans le cas

des choix modals non vertueux selon Borck (2016). Cette politique a également des effets

ambigus sur les émissions de GES provenant des zones résidentielles (Borck, 2016). Un

changement judicieux dans la planification urbaine peut être une solution de rechange aux

politiques de taxation et de densification afin de réduire les effets externes de la congestion

et les émissions de CO2.
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Répercussions économiques et environnementales des différentes

formes urbaines.

Les villes compactes rapprochent physiquement les gens de leur lieu de travail et de leurs

activités économiques créant des économies d’agglomération (Fujita et Thisse, 2013).

Cependant, des externalités négatives de congestion et de pollution existent dans les

zones urbaines et peuvent réduire l’intérêt des politiques de densification. Le niveau

d’infrastructure dédiée aux transports publics est en concurrence avec l’espace utilisé par

les véhicules privés. Dans une étude portant sur plusieurs villes du monde (p. ex. Lon-

dres, Los Angeles et Hong Kong), Newman et Kenworthy (1989) démontrent une relation

négative entre le niveau de densité de population et l’énergie utilisée provenant des flux

de transport. En effet, l’utilisation de modes de transport à faibles émissions (vélo, Les

transports publics, la marche à pied) a augmenté dans les zones à forte densité de popu-

lation (CGDD, 2010).

Les villes étalées aux fonctions urbaines dispersées, comme Houston ou Los Angeles, ren-

dent tacitement obligatoire d’être propriétaire de véhicules privés. Ce besoin s’explique

aussi par le faible coût du transport pour se rendre au travail en voiture (Glaeser et Kahn,

2004). Ainsi, l’espace urbain des centres centraux d’affaires est occupé principalement

par les places de stationnement (Manville et Shoup, 2004). En outre, une augmentation

des investissements dans les infrastructures routières permettant la construction de nou-

velles voies de circulation dans les zones urbaines conduit à un déplacement des citadins

vers les périphéries des aires métropolitaines (Baum-Snow, 2007). Ces effets doivent être

pris en compte par les planificateurs urbains car cette infrastructure est construite pour

durer, alors que les délocalisations d’emplois et de ménages peuvent être plus rapides. Par

conséquent, les décisions d’aménagement du territoire doivent être analysées au regard des

systèmes de transport au sein d’une structure spatiale urbaine.

La décentralisation des emplois dans les villes monocentriques a des effets ambigus sur

les distances moyennes parcourues et les temps de déplacement domicile-travail. Plusieurs

études montrent que la localisation des emplois dans des centres d’affaires secondaires

réduit les distances et les déplacements par rapport au regroupement des activités économiques

prédominantes (Giuliano et Small, 1993 ; Veneri, 2010 ; Alpkokin et al., 2008). En Alle-

magne, Gutz et al. (2009) comparent les villes de Francfort et de Stuttgart, qui ont une

forme polycentrique, avec Munich et Hambourg, qui sont monocentriques. Les auteurs

observent des distances parcourues plus courtes pour les navetteurs vivant à Francfort et

à Stuttgart. Cependant, des effets opposés sont également observés (Naess et Sandberg,
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Résumé en français

1996). La dispersion des emplois a entrâıné des problèmes de mauvais appariement entre

lieux d’emplois et résidentiels dans les villes de Paris, Lyon et Marseille de 1990 à 1999,

augmentant les distances moyennes parcourues (Aguiléra, 2005). En outre, les mesures

progressives de décentralisation des emplois de 1986 à 1996 à Barcelone a également en-

trâıné une augmentation des distances entre le domicile et le lieu de travail ; les emplois ont

été délocalisés dans des zones à faible densité de population. Les chercheurs ont constaté

l’absence d’une politique régionale pour le développement de l’habitat résidentiel et une

forte dépendance à l’égard de la voiture a conduit à ce résultat (Muñiz et Galindo, 2005).

Plusieurs économistes urbains considèrent les coûts de transport exogènes dans la structure

spatiale des villes, quoique potentiellement négligeable. En outre, le coût de la congestion

est supposé être fixe par unité de distance (Lucas et Rossi-Hansberg, 2002 ; Gaigné et al.,

2012). Par conséquent, il n’y a pas de concurrence sur le marché foncier entre le réseau

routier et l’utilisation des terres à des fins commerciales et résidentielles. Il serait utile

d’étudier les structures spatiales urbaines en tenant en compte des coûts de transport

en fonction des localisations et des embouteillages et de mettre en œuvre les politiques

disponibles pour relever ces défis dans le cadre d’une ville possédant plusieurs centres

d’emplois.

Modéliser la ville polycentrique.

Deux principaux modèles polaires existent en ce qui concerne la structure spatiale urbaine

: le modèle monocentrique et le modèle polycentrique4 Une ville est désignée comme

monocentrique ou polycentrique en fonction du nombre de centres d’affaires. Dans ces

centres, seules les entreprises utilisent les terrains et attirent tous les travailleurs de la

ville (Fujita et Thisse, 2013). Les données empiriques suggèrent que les entreprises n’ont

peut-être pas l’usage exclusif du terrain à leur emplacement. Une utilisation mixte des sols

est observée dans certaines villes américaines, mais cette tendance nécessite un examen

plus approfondi en raison de l’interaction peu claire entre les temps de déplacement et la

dispersion de l’emploi (Wheaton, 2004). En tout état de cause, les entreprises sont incitées

à s’implanter plus près les unes des autres, ce qui génère des rendements croissants et des

économies d’agglomération (externes et internes). Toutefois, le regroupement d’entreprises

dans un centre des affaires entrâıne des loyers fonciers élevés à proximité de cet emplace-

ment et des coûts de transport élevés pour les travailleurs. Les particuliers utilisent les

voies urbaines pour se rendre au centre des affaires principal (Solow, 1972, 1973). Certains

4voir Fujita et Thisse (2013) pour une discussion plus détaillée sur tous les modèles sous-jacents de
villes monocentriques et polycentriques existants dans la littérature.
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modèles intègrent des déplacements de loisirs et de shopping comme Anas et Kim (1996).

En résumé, le foncier urbain est principalement consacré à des usages résidentiels, commer-

ciaux, d’agrément et de transport. Les deux premiers sont communément intégrés dans

des modèles économiques urbains selon des formulations diverses. L’utilisation du sol dans

un centre d’affaires principal peut être attribué exclusivement aux entreprises (Larson et

Yezer, 2015) ou mixte (Fujita et Ogawa, 1982). Il y a donc une concurrence sur un marché

foncier entre les entreprises et les ménages. De puissants modèles économiques urbains

émergent avec les travaux fondateurs d’Alonso (1964), Mills (1967) et Muth (1969) parce

qu’ils reflètent ce que nous observons dans les villes européennes et américaines (Brueck-

ner, 2011). Les choix résidentiels des ménages dépendent d’un arbitrage entre le coût de

location d’un logement et les coûts de transport. Le fait de vivre plus loin de son lieu de

travail entrâıne des coûts de transport élevés, qui sont contrebalancés par des coûts de

logement moins élevés. Les ménages enchérissent pour des lots dont la taille est mesurée

en mètres carrés. Ces lots sont disponibles à chaque unité de distance. (voir Figure 2). La

surface habitable est souvent l’unique caractéristique des logements. Les prix des loyers
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Figure 2: Enveloppe supérieure des enchères foncières à l’équilibre et localisation du centre
central d’affaires x = 0, et limite y de la ville monocentrique (Solow, 1972).

proposés sont plus élevés près du centre-ville qu’en périphérie. La rente foncière d’équilibre

est égale à l’enchère foncière la plus élevée à chaque emplacement et représente l’enveloppe

supérieure du processus de mise aux enchères (Figure 2). Étant donné que les enchères

foncières décroissent avec la distance au centre, cela entrâıne une augmentation de la con-

sommation de logements. Autrement, il n’y aurait pas d’incitation à vivre plus loin du
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centre principal d’affaires. Par conséquent, la densité résidentielle diminue par rapport à

la distance au centre des affaires, car les ménages ont besoin de plus d’espace lorsque la

rente foncière devient moins chère. Une nouvelle forme urbaine est apparue au fur et à

mesure que les grandes métropoles se développaient. Les entreprises bénéficient des tech-

nologies de l’information et de la communication moins coûteuses pour faire évoluer leur

structure industrielle. Ils ont changé le lieu de leurs fonctions économiques. Le siège social

est centralisé. Les usines et les entrepôts sont décentralisés en périphérie des villes (Fujita

et Thisse, 2013). Il devient donc utile de reconsidérer le modèle de base et d’évaluer les

politiques économiques et environnementales dans une ville polycentrique. Nous utilisons

un modèle avec des mécanismes similaires à ceux d’une ville monocentrique. Les enchères

foncières diminuent par rapport au centre et augmentent de nouveau près des centres sec-

ondaires. Enfin, ils diminuent de l’emplacement des centres secondaires jusqu’à la limite

de la ville (Figure 3).
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Figure 3: Enveloppe supérieure des enchères foncières à l’équilibre et localisation du centre
principal d’affaires x = 0, d’un centre secondaire zS et de la limite y de la ville polycen-
trique (auteur).

Il y a une prime salariale dans le centre principal. En effet, les services aux entreprises

et les emplois hautement qualifiés y sont localisés alors que les centres secondaires con-

centrent les emplois moyennement spécialisés. Notre modèle est une ville linéaire où les

entreprises ne se disputent pas les terres et sont situées dans des centres d’affaires. Les

lignes radiales m partagent le même point initial (x = 0) qui est le centre d’affaires

principal. L’emplacement des centres secondaires sont déterminés de façon endogène à

l’équilibre comme dans Cavailhès et al., (2007), Gaigné et al., (2012) et Lucas et Rossi-
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Hansberg (2002). Notre analyse porte principalement sur l’évolution des émissions de CO2

provenant des flux de transport et la gestion de la congestion dans une ville fermée avec

une forme urbaine changeante. Les systèmes urbains de plusieurs villes ne sont pas pris

en compte.

Approche Marshallienne. Dans notre modèle, les entreprises n’utilisent pas d’espace

et ne font pas concurrence aux ménages pour louer des terrains. Cependant, nous ne

négligeons pas les externalités marshalliennes qui favorisent les économies d’agglomération

(Fujita et Thisse, 2013). Notre ville est le résultat de forces socio-économiques qui ont

donné lieu à une concentration d’entreprises dans un centre d’affaires. En outre, notre

ville monocentrique de base peut se transformer en une ville polycentrique, tandis que le

centre d’affaires reste le plus attractif comme lieu de travail grâce à une prime salariale.

Tous les ménages travaillent et se rendent dans les centres d’affaires. Dans un modèle

monocentrique, tous les habitants sont identiques et partagent le même niveau d’utilité,

mais les paniers de consommation diffèrent (Brueckner, 1987). Conformément au modèle

précurseur de Von Thünen pour les agriculteurs qui vendaient leurs récoltes sur un marché

central et développé par Alonso, Muth et Mills, chaque agent économique est confronté à

un arbitrage entre la rente foncière et les coûts de transport (Fujita et Thisse, 2013). Dans

les modèles théoriques, les centres d’affaires sont souvent entourés de zones résidentielles

occupées par des travailleurs qui sont libres de choisir leur lieu de résidence et le lieu de

travail en fonction de leurs contraintes budgétaires (Fujita et Thisse, 2013). À l’équilibre,

on obtient une utilité indirecte pour chaque travailleur qui n’est pas incité à déménager

dans la ville (∂V
∂x

= 0). Par conséquent, les travailleurs partagent le même niveau d’utilité,

peu importe où ils se trouvent. Sans perte de généralité, nous supposons qu’il n’y a pas de

chômage et que les travailleurs ne réagissent pas à un changement des coûts de transport

en quittant leur emploi. En outre, nous avons délibérément mis de côté la littérature

qui inclut les aménités et nous avons mis en évidence celle qui couvre l’utilisation des

infrastructures routières et les embouteillages à l’intérieur des villes.

Les externalités négatives. Dans un cadre théorique parfait d’un marché donné en

concurrence pure et parfaite, tous les agents sont rationnels. Par conséquent, un optimum

de Pareto est atteint lorsque le bien-être d’un individu ne peut être augmenté sans réduire

celui d’un autre agent. L’application de ces principes au secteur des transports dans

les villes où l’automobile est le mode de transport le plus utilisé ne correspond pas à la

réalité. Nous savons que le manque de coordination entre les agents conduit à un marché

imparfait. En outre, des défaillances de marché sont observées bien que la littérature

se soit principalement concentrée sur les avantages liées aux économies d’agglomération
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(Fujita et Thisse, 2013 ; Brueckner, 2011). L’utilisation quotidienne de la voiture dans les

villes entrâıne des externalités négatives telles que la pollution atmosphérique, le bruit,

les accidents de la route et la congestion (Mirabel et Raymond, 2013). Une route est

congestionnée lorsqu’un agent impose un déplacement supplémentaire sur le réseau, ce

qui augmente le temps et les frais de retard pour les autres navetteurs. Différents outils

existent pour gérer la congestion et la pollution dans les villes tels que les péages urbains,

les zones à faibles émissions, les limites urbaines, la gestion des parkings, les transports

publics, les investissements et la réglementation de l’utilisation du sol tels que les limites

de densité (zonage de la taille minimale des lots), les limites de hauteur et les ceintures

vertes (Small et Verhoef, 2007 ; Brueckner, 2011).

Par conséquent, leur rentabilité économique et l’efficacité environnementale doivent

être évalués et nous devons déterminer leurs impacts sur les formes urbaines (de développement

durable des villes). Nous passons en revue les travaux de recherche réalisés dans le cadre

de cette thèse. Les trois chapitres sont décrits et nous concluons.
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Chapitre 1: Structure spatiale urbaine, émissions liées

au transport et bien-être.

Dans ce premier chapitre théorique5, nous avons étudié les impacts de la structure spa-

tiale urbaine sur les émissions de CO2 provenant des flux de transport et sur le bien-

être des ménages. Pour ce faire, nous avons construit un modèle théorique d’une ville

monocentrique et d’une ville polycentrique avec des lieux de travail endogènes. Dans

le cadre de ces structures, le choix de l’emplacement des ménages et leur demande de

logement sont déterminés de manière endogène. Tout d’abord, nous analysons les change-

ments d’émissions de CO2 et de bien-être lorsqu’une ville monocentrique se transforme

en ville polycentrique avec des centres d’affaires secondaires endogènes. Deuxièmement,

nous évaluons nos résultats en élargissant notre modèle avec une offre de logements plus

importante dans le centre central des affaires par rapport aux centres secondaires et en

permettant la détermination endogène des salaires au sein de chaque centre d’affaires.

Notre chapitre est lié à des travaux théoriques antérieurs qui ont étudié le développement

des zones d’activité secondaire dans les villes (Cavailhès et al., 2007). Floater et al.,

(2014) et Burgalassi et Luzzati (2015) indiquent que les impacts environnementaux de

l’urbanisation dépendent des formes urbaines (conception, densité, etc.). Des études

antérieures ont mis en lumière les avantages de la ville polycentrique en tant que structure

spatiale qui diminuerait la distance totale parcourue par les travailleurs et atténuerait

la pollution urbaine (Gaigné et al., 2012 ; Legras et Cavailhès, 2016). Cependant, la

littérature n’évalue pas l’impact d’une décentralisation des emplois sur les émissions de

CO2 lorsque la taille des logements est endogène. En outre, l’émergence de villes poly-

centriques est microfondé lorsque la taille du logement réagit à un changement du lieu de

travail (Fujita et Ogawa, 1982) ; Anas et Kim, 1996 ; Lucas et Rossi-Hansberg, 2002).

Toutefois, ces auteurs n’ont pas abordé une question importante liée à l’impact de la

décentralisation des emplois sur la pollution liée aux transports et sur le bien-être des

personnes quand la taille des logements s’ajuste. Par conséquent, nous développons notre

modèle pour inclure à la fois la demande endogène de logements et la décentralisation des

emplois.

Nous constatons que la décentralisation des emplois à l’intérieur des villes n’est pas

nécessairement ”la” stratégie pour réduire les émissions liées aux transports et améliorer le

bien-être. Notre analyse repose sur les éléments d’arbitrage suivants. D’une part, pour une

5Ce chapitre est associé à un article de recherche original (Denant-Boemont et al., 2018), publié dans
le Journal of Environmental Economics and Management.
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densité de population donnée, la distance moyenne parcourue par les travailleurs diminue

lorsque la ville passe d’une structure monocentrique à une configuration polycentrique.

Ainsi, pour une taille de logement donnée, la décentralisation des emplois dans les villes

réduit les émissions de carbone en raccourcissant les trajets domicile-travail. Ceci est vrai

tant que la frontière de la ville reste inchangée. D’autre part, la taille moyenne des loge-

ments augmenterait lorsque les emplois sont situés à la périphérie de la ville puisque le prix

moyen des terres diminue. Par conséquent, la frontière de la ville s’élargit et s’éloigne du

centre. La distance moyenne des trajets domicile-travail peut augmenter. L’augmentation

de la demande de logements pourrait contrebalancer ainsi les effets positifs de l’émergence

des centres d’affaires secondaires sur les distances à parcourir pour se rendre au travail et

les émissions de carbone.

En effet, l’effet net de cette décentralisation sur le bien-être dépend des caractéristiques

du réseau de transport au sein de la ville. Plus précisément, lorsque la taille des logements

s’ajuste aux formes urbaines par un changement des rentes foncières, une ville polycen-

trique n’est pas souhaitable d’un point de vue économique et écologique lorsque la vitesse

moyenne de déplacement et/ou le nombre de routes directement liés au centre-ville sont

peu nombreux. Plus généralement, nos résultats montrent que l’évaluation de l’effet des

politiques urbaines sur les émissions polluantes doit prendre en compte les ajustements à

long terme de la taille des logements et de la densité de population.

Dans notre modèle, nous supposons que la densité de population et les rentes foncières

diminuent avec la distance aux lieux d’emplois comme la demande de logements est en-

dogène. Toutefois, nous ne savons pas si notre hypothèse est restrictive quand on étudie

la relation entre la forme urbaine et la pollution liée au transport. Lorsque nous étendons

la ville verticalement, nos résultats se maintiennent lorsque les salaires sont égaux entre

les centres d’affaires des villes. Ensuite, nous testons nos résultats lorsque les salaires sont

endogènes dans notre ville polycentrique. Nous considérons implicitement que le taux de

salaire ne s’ajuste pas à un changement de la taille des marchés du travail. Toutefois, des

changements peuvent survenir en raison d’une variation du nombre de personnes travail-

lant au centre d’affaires principal ou dans un centre secondaire. Dans le cas des salaires

endogènes, l’écart entre les centres d’affaires augmente avec la taille du centre principal,

de sorte que la relation entre la taille du centre principal et l’écart salarial reste négative.

Par conséquent, même si les salaires réagissent à un changement de forme urbaine, nos

principaux résultats se maintiennent. Notre analyse peut également expliquer pourquoi

les effets de la décentralisation des emplois dans les aires métropolitaines polycentriques

sur les formes de navettage diffèrent selon les études empiriques. Par exemple, Giuliano et
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Small (1993) constatent que la décentralisation des emplois raccourcit les trajets domicile-

travail, tandis qu’Aguilera (2005) montre que les villes polycentriques sont sources de plus

longues distances domicile-travail que les villes monocentriques.

Nous montrons qu’une ville polycentrique est souhaitable du point de vue du bien-être et

de l’écologie à condition que la vitesse de déplacement et/ou le nombre de routes directe-

ment reliées avec le centre ville sont suffisamment élevés. En effet, d’une part, une ville

polycentrique procure des avantages directs grâce à la valeur des économies induites par

les déplacements pour un emplacement résidentiel inchangé. D’autre part, un changement

d’emplacement du lieu de travail a des répercussions sur les choix résidentiels, car les loyers

fonciers diminuent en moyenne. Par conséquent, la demande de logements augmente ce

qui étend la ville. Les flux pendulaires et les émissions liées au transport augmentent. Ces

coûts indirects peuvent l’emporter sur les avantages directs dans des situations réalistes

(Veneri, 2010). Dans l’ensemble, l’extension spatiale des villes reste la variable critique

pour réduire la pollution urbaine liée aux transports.
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Chapitre 2: Efficacité des systèmes de tarification routière

avec des centres d’affaires endogènes en ville polycen-

trique.

Dans ce deuxième chapitre théorique, le modèle urbain s’appuie sur celui utilisé dans le

premier chapitre afin d’étudier les impacts de trois systèmes de tarification routière (la

taxe pigouvienne, le péage au cordon et la taxe forfaitaire) sur la taille du centre prin-

cipal d’affaires lorsque deux externalités (congestion et agglomération) interagissent dans

une ville polycentrique. La congestion routière est modélisée conformément aux travaux

d’Arnott (2007), Verhoef (2005) et Tikoudis et al. (2015). Premièrement, les effets des

systèmes de tarification routière sont évalués dans la ville monocentrique en tant que

référence. Ensuite, nous mettons l’accent sur les changements de niveau de congestion

lorsqu’il y a décentralisation des emplois. La taille du centre principal et des centres sec-

ondaires sont déterminés à l’équilibre (”Laissez-faire”) et à l’optimum (un planificateur

bienveillant maximise le bien-être des habitants). Enfin, nous étudions les impacts de

nos trois systèmes de tarification routière dans une ville polycentrique sur le niveau de

congestion, la taille du centre secondaire et sur le bien-être global. Nous discutons de la

mise en place d’un deuxième mode de transport et de parkings dans le modèle urbain en

relation avec les effets des taxes.

Les études antérieures ont souvent traité séparément les formes urbaines et la conges-

tion de la circulation lorsque le modèle monocentrique a été utilisé dans des contextes

théoriques. Un courant de littérature s’est penché sur la question de l’offre optimale

de capacité routière dans les villes en utilisant le modèle monocentrique avec congestion

routière (Solow, 1972, 1974). Ensuite, des modèles de villes monocentriques ont été étudiés

concernant l’internalisation d’une ou deux externalités par Arnott (1979, 2007) et Wheaton

(1998, 2004) en particulier. Plus récemment, plusieurs auteurs se sont concentrés sur la

gestion de la congestion dans les modèles d’équilibre partiel des villes monocentriques.

Quelques auteurs ont considéré la ville polycentrique pour analyser les impacts de la con-

gestion urbaine sur les salaires, les loyers fonciers, le bien-être et la qualité de vie, le choix

de l’emplacement des entreprises et des ménages (Anas et Kim, 1996 ; Anas, 2013 ; Zhang

et Kockelman, 2016a, 2016b). Cette littérature est rare et ne fournit pas souvent des

solutions analytiques complètes. Des simulations numériques sont utilisées pour résoudre

des modèles complexes, incluant un marché du travail, d’entreprises de production dans

les villes, de ménages, d’autres entreprises et des centres commerciaux dont la localisation

est endogène avec des externalités de congestion et d’agglomération. De plus, nous ne
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connaissons pas précisément comment la taille du centre principal ou du centre secondaire

varie en fonction des systèmes de tarification routière. Au meilleur de notre connaissance,

il s’agit de la première étude qui fournit des solutions analytiques concernant l’impact des

systèmes de tarification routière sur la taille du centre principal lorsque deux externalités

existent au sein d’une ville polycentrique.

La stratégie de la taxe pigouvienne appliquée uniquement aux ménages ne permet pas

d’atteindre l’optimum. Ce fait peut s’expliquer par deux défaillances de marché : la con-

gestion et la mauvaise répartition des emplois dans la ville. Ce genre de taxe ne peut

pas ”faire d’une pierre deux coups”, c’est-à-dire réduire l’externalité de congestion pour

une localisation donnée des lieux de travail et donner la répartition spatiale optimale des

entreprises. En équilibre, la taille du centre des affaires (zone résidentielle où vivent les

travailleurs) est trop grande par rapport à la taille optimale. Il y a une plus grande pro-

portion des travailleurs qui sont désireux de faire la navette vers le centre-ville en raison

de la prime salariale du centre des affaires par rapport aux centres secondaires. Comme

ils ne tiennent pas compte de leurs coûts sociaux de congestion, ils considèrent que le

gain marginal privé d’être situés plus près du centre d’affaires est supérieur aux coûts

marginaux encourus par ceux qui y vivent déjà. Les lieux de travail et d’habitation sont

interdépendants dans les choix résidentiels des ménages. Pour une taille de ville donnée,

la taxe pigouvienne rend le centre des affaires trop petit dans une ville polycentrique. En

d’autres termes, le centre secondaire s’élargit et augmente l’externalité de congestion de

chaque usager de la route autour de ce lieu de travail. Cette politique de first-best, à lo-

calisation contrainte, corrige fortement l’externalité de congestion en raison (i) des libres

décisions de localisation des travailleurs et (ii) le niveau des péages capitalisés dans les

loyers fonciers. Une taxe forfaitaire et un péage de cordon n’ont pas pour effet d’obtenir

une localisation optimale pour le centre secondaire. Le présent chapitre confirme les effets

des systèmes de tarification routière, qui ont été démontré dans la littérature concernant la

ville monocentrique. Tikoudis et al. (2015) utilisent des simulations numériques dans un

contexte différent, en incluant une taxe sur le travail dans leur modèle avec des systèmes de

tarification routière pour étudier les effets de l’interaction fiscale. Leurs résultats montrent

clairement qu’un péage routier est nécessaire et que le bien-être s’améliore lorsqu’il n’y a

pas de distorsion sur le marché du travail. Tikoudis et al. (2015) et Verhoef (2005) sont

d’accord pour dire qu’une taxe kilométrique forfaitaire est plus efficace qu’un péage de

cordon dans une structure monocentrique. Cependant, lorsqu’une structure polycentrique

émerge, ce résultat ne tient plus puisque l’efficacité du péage de cordon et de l’impôt

forfaitaire dépend principalement de l’écart salarial entre les centres d’affaires avant la

mise en œuvre du système de tarification routière. Selon l’emplacement initial du centre
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secondaire (trop petit ou trop grand), un impôt forfaitaire peut être moins (resp. plus)

dommageable qu’un péage de cordon.

Dans notre modèle, nous supposons que la densité de population est fixée dans un modèle

de ville fermée et que la demande de transport est inélastique. Toutefois, les loyers fonciers

diminuent avec la distance aux emplois, même si la demande de logements est exogène.

Nous ne savons pas si notre hypothèse est restrictive lorsque nous étudions la relation entre

la forme urbaine et les systèmes de tarification routière à long terme. En effet, la mise en

œuvre de systèmes de tarification routière peut obliger les ménages à ne pas se rendre à leur

lieu de travail, ce qui réduit l’offre de main-d’œuvre, ou passer à un autre mode de trans-

port (Tikoudis et al., 2015). Dans un système de villes, certains ménages migreraient ou

se déplaceraient vers un nouveau lieu de travail dans une ville voisine où les taxes seraient

inexistantes ou inférieures à celles de leur ville d’origine. Sur le plan politique, la mise

en place de péages urbains suscite un tollé dans l’opinion publique et, par conséquent est

peu utilisé dans le monde (Fosgerau et De Palma, 2013). Les transports publics utilisant

la capacité routière existante d’une ville peut augmenter les coûts de transport des navet-

teurs, mais peut également modifier la prime salariale dans un centre principal. Il peut

y avoir un contre-effet tel que forcer les ménages à changer de lieu de travail, améliorant

ainsi l’attrait du centre secondaire là où l’utilisation de l’automobile prédomine, ce qui

provoquerait aussi de l’étalement urbain. De toute évidence, des travaux supplémentaires

sont nécessaires pour analyser les politiques urbaines de densité et de congestion. dans les

villes polycentriques.

Ce chapitre a mesuré l’efficacité de trois systèmes de tarification routière afin d’internaliser

l’externalité de congestion lorsque la décentralisation des emplois est endogène. Le modèle

tient compte du fait que les navetteurs font face à un arbitrage entre l’avantage salarial du

centre principal et le fait d’être bloqué dans le trafic. La stratégie de la taxe pigouvienne

n’atteint pas l’optimum social en raison de la présence de deux défaillances de marchés

au sein de l’économie urbaine : la congestion et la mauvaise répartition des emplois dans

la ville. Elle ne peut pas résoudre simultanément deux problèmes différents, à savoir la

réduction du niveau de congestion d’un réseau de transport public et atteindre l’allocation

spatiale optimale des entreprises. Sans règlementations, le nombre d’emplois dans le centre

des affaires est trop élevé (et la charge de congestion est excessive), tandis que le nombre

d’emplois dans le centre des affaires est trop élevé. ”L’impôt pigouvien” génère une trop

petite taille du centre principal. En outre, une taxe forfaitaire n’est pas nécessairement

pire qu’une taxe pigouvienne, contrairement au péage de cordon.
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Chapitre 3: Mobilités pendulaires et formes urbaines

: cas des aires urbaines françaises métropolitaines.

Enfin, dans ce troisième chapitre, nous avons collecté les données du recensement de la

population française pour analyser les effets des formes urbaines sur les distances et les

temps de déplacement domicile-travail aux heures de pointe. Trois périodes sont étudiées

: 1999, 2007 et 2014. Nous utilisons un distancier appelé ”Odomatrix” qui est un outil

de mesure de l’accessibilité routière sur le réseau routier français. Les données munici-

pales sont combinées à une base de données routières de l’Institut national géographique

et de l’information forestière (IGN). Tout d’abord, nous définissons quatre mesures de

la forme urbaine. Notre principale préoccupation est la distribution spatiale des lieux

de travail et de la population dans les zones urbaines françaises. Dans une deuxième

étape, nous spécifions un modèle économétrique afin d’évaluer la pertinence et l’ampleur

de la relation entre ces formes urbaines et les distances domicile-travail sur trois périodes.

Troisièmement, nous nous concentrons sur les impacts des formes urbaines sur les temps

de déplacement aux heures de pointe et les distances entre les habitations et les lieux de

travail seulement en 2014. Enfin, nous procédons à une analyse de la relation entre les

mesures de forme urbaine au niveau communal et les temps et distances de navettage en

2014.

En France, les distances moyennes parcourues ont augmenté entre 1990 et 2014. Cette

augmentation s’explique principalement par l’étalement urbain et la ségrégation des fonc-

tions urbaines (espaces de vie vs lieux de travail) (Coudène et Levy, 2016). Le même

phénomène est observé dans les économies occidentales (Kahn, 2010 ; Garcia-Palomares,

2010 ; Aguiléra et al., 2009). La densification de la population urbaine est une politique

actuelle visant à réduire les distances domicile-travail et la consommation d’énergie qui en

résulte (transport, logement, etc.) (Larson et Yezer, 2015 ; Duranton et Turner, 2017 ;

Blaudin de Thé et al., 2018). Toutefois, les effets restent faibles dans les différentes anal-

yses empiriques. De plus, une augmentation de la densité de la population par kilomètre

carré peut entrâıner des temps de parcours plus longs (Priemus et al., 2001 ; Schwanen

et al., 2004). Ainsi nous nous concentrons sur l’organisation spatiale des emplois dans les

zones urbaines. Nous utilisons quatre mesures de forme urbaine comme variables explica-

tives : (i) un rapport entre le nombre d’emplois dans une commune centre et le nombre

total d’emplois dans la zone urbaine, (ii) un indice de concentration des emplois de la

même veine que celui d’Herfindahl-Hirschmann, (iii) un indice de distribution spatiale de

la population et des emplois dans les communes centres et (iv) un indice de la répartition
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des emplois et de la population dans les municipalités de chaque aire urbaine. Notre ob-

jectif est de déterminer celles qui sont pertinentes afin de suggérer un meilleur ciblage des

politiques urbaines.

Nos analyses économétriques montrent une relation positive et significative entre les dis-

tances moyennes parcourues et la concentration des emplois dans les communes centres

ainsi que dans les zones urbaines où elles sont situées. Nous obtenons des élasticités entre

les distances de navettage et l’indice de dispersion des emplois entre 0,22 et 0,26 pour notre

analyse en coupe répétée (1999, 2007 et 2014). Notre analyse en 2014 donne des relations

qualitativement similaires avec les temps de trajets domicile-travail pendant les heures de

pointe. Notre dernière analyse contrefactuelle confirme que si l’emploi et la population

active étaient identiques dans une région urbaine, les temps de trajet en heures de pointe

et les distances domicile-travail diminueraient en moyenne de 10% pour la majorité des

municipalités, en particulier celles situées en périphérie. Nos résultats mettent en évidence

les élasticités significatives entre nos variables dépendantes et explicatives, mais il serait

nécessaire de tester l’effet causal de nos mesures des formes urbaines en approfondissant

nos analyses économétriques et expérimentant une politique in situ.

Ce chapitre complète nos deux analyses théoriques précédentes. Notre analyse empirique

s’est concentrée sur la pertinence de l’impact de l’organisation spatiale des emplois et de

la population afin de poursuivre la question de l’aménagement de villes polycentriques.

Nous avons estimé les effets des mesures des formes urbaines par rapport à la durée et

aux distances moyennes des trajets domicile-travail au sein des zones urbaines françaises

dans notre analyse transversale de 1999 à 2014. En outre, les effets de la distribution

spatiale de la répartition des emplois et des logements par rapport à la durée moyenne des

trajets domicile-travail pendant les heures de pointe et par rapport aux centres urbains

sont estimés en 2014.

La plus grande concentration géographique des emplois dans les zones urbaines par rapport

à la population semble avoir un impact significatif influençant le temps et les distances de

déplacement. La densité et la répartition des lieux d’emploi peuvent gérer la congestion

urbaine. Toutefois, nos estimations suggèrent des effets relativement modestes. De plus,

nos résultats montrent que le temps de déplacement et les distances parcourues pour se

rendre au travail dépendent de bien d’autres paramètres que la répartition spatiale des

emplois dans les zones urbaines (densité de population, démographie, transports publics,

etc.).
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Conclusion

Les trois chapitres de cette thèse apportent de nouveaux éléments au débat sur les villes

compactes, qui émettent moins de CO2 et sont moins congestionnées. Nos trois chapitres

analysent les effets des formes urbaines sur les émissions de CO2, la congestion routière

et les temps et distances de déplacement en voiture. Dans notre analyse, la planification

urbaine implique une nouvelle organisation spatiale des emplois et de la population : la

ville polycentrique.

Nos principaux résultats peuvent être résumés comme suit. Notre premier chapitre théorique

donne quelques aperçus sur les problèmes de l’urbanisation et des émissions de CO2

provenant du transport. Nous soutenons que la ville polycentrique n’est pas nécessairement

la ville la plus souhaitable à développer dans certaines circonstances. En effet, un examen

attentif doit être accordé à l’interaction entre la demande de logements, les distances de

navettage et l’ampleur de la pollution urbaine. La prise en compte de l’externalité de

la pollution provenant de l’ensemble des distances parcourues atténue l’attrait de la ville

polycentrique même si elle réduit les distances maximales domicile-travail. La vitesse de

déplacement et le nombre de routes reliées au centre-ville jouent un rôle crucial dans le

choix de la forme urbaine la plus souhaitable. Enfin, l’extension spatiale des villes est une

variable clé lorsqu’il s’agit de réduire les émissions de CO2.

Le chapitre 2 étend le modèle, en y incluant la congestion routière et l’utilisation des

sols par des infrastructures routières. Un changement dans la forme urbaine et la gestion

de la congestion avec des systèmes de tarification routière dans une ville polycentrique ont

fait l’objet d’une étude. Une ville polycentrique peut atténuer les coûts de congestion pour

chaque usager de la route à condition qu’il n’existe aucune distorsion sur les marchés du

travail et du logement lorsque la congestion n’est pas tarifée. Tant que la croissance des

flux de trafic et l’étalement urbain ne diminuent pas substantiellement les bénéfices directs

des délocalisations d’emplois, l’aménagement du territoire reste une politique clé pour faire

face aux problèmes de transport urbain au lieu des systèmes de tarification. En effet, les

systèmes de tarification routière n’atteignent pas le niveau optimal de congestion. La taxe

pigouvienne donne un centre principal trop petit. D’après l’emplacement initial du centre

secondaire (trop petit ou trop grand), une taxe forfaitaire peut être moins (resp., plus)

dommageable qu’un péage de cordon. Il est à noter que les systèmes de tarification routière

profitent à tous les propriétaires fonciers, quelle que soit la structure urbaine fermée sans

redistribution à l’ensemble de la collectivité. Par conséquent, les préoccupations politiques

concernant la redistribution des recettes fiscales sont à prendre en compte lorsque nous
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internalisons l’externalité négative de congestion.

La relation entre les formes urbaines et les temps et distances de navettage dans les aires

urbaines françaises est étudiée au chapitre 3. Notre analyse statique des déterminants

de la répartition spatiale des emplois et de la population nous montre qu’une augmenta-

tion de la concentration des emplois en milieu urbain est associée à une élasticité entre

0,22 et 0,26 avec les distances moyennes domicile-travail. Une augmentation de la den-

sité de population a le même effet qualitatif sur les distances moyennes de navettage.

Toutefois, il ne faut pas sous-estimer les effets de second ordre. En effet, plus la den-

sité est élevée, plus les temps de déplacement sont longs dans les villes. Ce chapitre met

en évidence une politique alternative possible à la densification de population, à savoir

une décentralisation des emplois du centre principal vers les centres secondaires. Il valide

le choix d’analyser théoriquement les villes polycentriques. En outre, les politiques de

décentralisation et de densification pourraient être combinées pour avoir un impact plus

important sur la réduction des temps et des distances de navettage. Nos résultats montrent

que la durée et les distances des trajets domicile-travail dépendent également de facteurs

socio-économiques tels que la démographie, le genre et la demande de transports publics.

Cette thèse souligne la nécessité d’une approche prudente dans la mise en œuvre de cer-

taines politiques qui permettraient de garantir un développement soutenable des villes.

Une ville polycentrique peut être souhaitable ou non en fonction de (i) l’accessibilité des

lieux de travail, (ii) la qualité de l’infrastructure routière (vitesse, capacité, etc.) et (iii) la

densité d’emploi dans les villes. Cette thèse démontre également le rôle important de la

demande de logements sur la structure urbaine lorsque cette dernière est endogène dans

un contexte de congestion des transports sans tarification. Quelques projets de densifi-

cation urbaine pourrait reconsidérer les externalités négatives (congestion et pollution)

qui surviennent lorsqu’une population augmente au sein d’une ville. Ces externalités sont

des coûts indirects dus à l’ajustement de la demande de logements et de transport à long

terme.
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1 Motivation.

Since 2007, the global urban population has exceeded the rural population. It amounted

to 4 billion people in 2014 (UN, 2014). Cities are currently facing skyrocketing growth,

especially in developing economies such as China, India and Nigeria. The number of

“millionaire” cities increased sixfold between 1950 and 2010. Indeed, 75 cities were home

to more than one million people in 1950 compared to 449 in 2010 (Seto et al., 2014).

Among these cities, 71 have become megalopolises 6, such as Tokyo, Sao Paulo, Shangai,

Los Angeles, and Manilla; 45 of them are located on the Asian continent, particularly in

India and China (UN, 2014). Urban growth is a result of rural exodus in those coun-

tries. People gather in urban areas, but one-third live in slums for two main reasons.

Developing cities are not building as much housing as needed, and there is a lack of clear

property rights on land, which leads to the expansion of shanty towns. In developed

countries, agglomeration economies have fostered urbanization in Western cities since the

beginning of the industrial revolution in the 19th century. Firms and workers benefit from

better wage conditions and better dissemination of ideas and innovations (Glaeser, 2012).

However, increasing urbanization has major drawbacks, including air pollution, green-

house gas (GHG) emissions and congestion externalities due to transport in car-based

cities; these drawbacks come despite the benefits of agglomeration economies (Fujita et

Thisse, 2013; Kahn, 2010). For instance, in France, cities have been designed to be

convenient for private cars since the implementation of urban transport policies under

the mandate of Georges Pompidou at the end of the 1960s (Mirabel et Raymond, 2013).

Harmful effects on the environment, urban congestion issues and greater use of agricultural

land (since the 1980s) call the car-based city paradigm into question (Cavailhès, 2015).

In addition, some studies predict a significant increase in the cost of these drawbacks of

urbanization over the next 10 years. For instance, direct costs of congestion (value of

6Megalopolises are urban cores generally populated by more than 5 million inhabitants.
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fuel and time wasted) for all households in Paris are expected to increase from $6.2bn to

$10.0bn between 2013 and 2030 (CEBR, 2014). Cities are experimenting with and imple-

menting policies to reduce these negative effects and make them more attractive. They are

building new road lanes, improving mass transit availability and reliability and attempt-

ing to impose urban tolls. Political opposition to the introduction of taxes prevents cities

from reducing traffic and car use as the main means of transport for commuting. However,

urban forms play a key role regarding these negative consequences. The development of

polycentric cities is recent and may be a strategy to reduce pollution and traffic congestion

(Storper, 2013; Gaigné et al., 2012).

First, we highlight the economic and environmental issues caused by the increasing use of

cars in urban areas and the resulting congestion and pollution due to more intensive use

of road infrastructure. Second, we focus on the role played by different urban structures

and modal choice in order to determine their impacts on the evolution of greenhouse gas

emissions and traffic congestion. Then, we evaluate urban policies designed to curb these

negative externalities. Finally, we describe our methodology of modeling cities and our

main hypothesis. Our three chapters are outlined.

1.1 High congestion and pollution costs in urban areas across

the globe.

Today, 10 million trips occur in urban areas every day. Traffic congestion is an issue for

large agglomerations around the world. Urban road congestion arises mainly during peak

commuting hours. As economic activities are spatially concentrated due to agglomeration

economies, workers gather in cities close to their workplace. These economies depend

on the traditional trade-off between scale economies and transportation costs (Brueckner,

2011). Congestion costs matter as households and firms waste time and fuel. Firms lose

both productivity and efficiency based on their location and their business sector, whether

their workers arrive late for work. Furthermore, logistics businesses suffer from delivery

delays due to extra travel time within a city.

Congestion costs. The economic costs are relatively high. Vehicle owners have direct

costs related to purchase, maintenance, value depreciation, fuel consumption and parking.

In addition, there are indirect costs, such as congestion costs, which are measured as

wasted time and fuel in traffic jams. In 2001, Americans spent 161 minutes on average per

day in a private vehicle (Duranton and Turner, 2011). There was a decline in travel time

due to the economic crisis from 2011 to 2013 (CEBR, 2014). However, economic activity
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recovered. Today, American cities remain among the most congested in the world. For

instance, a commuter living in Los Angeles spends 102 minutes a day in rush hour traffic

(Cookson, 2018). In France, 37.2 million vehicles were in circulation according to the

survey “Transport et déplacements 2008” (CGDD, 2010). Daily travel time has reached

56.4 minutes in France in 2008 (CGDD, 2010). The distance traveled by each French

person (active and mobile) grew by 8 kilometers between 1982 and 2008, which is an

increase of 45% in 26 years. A densely populated area such as Paris saw home-to-work

travel times hit 75 minutes on average in 2008, despite the fact that traveled distances are

shorter than they were in 1982. Paris’ commuters wasted 55 hours on average in traffic

for home-to-work trips in 2013 (CEBR, 2014). We can observe the discrepancy between

travel times for work-related trips during peak and off-peak hours for the city of Lyon

in 2014. Travel times increase with the distance from the CBD. It is straightforward to

 

Figure 4: Travel times in peak and off-peak hours (minutes) by municipalities of the urban
area with respect to the distance from Central Business Districts (CBD) in 2014.

check that peak hour travel times are higher than off-peak. A driver spends 26 minutes

for an average round trip in off-peak hours, while it takes 32.4 minutes during peak hours.

That is a 25% increase. In addition, traffic congestion induces carbon dioxide emissions

stemming from idling vehicles.
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Pollution costs. The growth of GHG emissions due to the transportation sector is

driven especially by the increasing use of private cars and declining densities in urban

areas since the mid-1950s (OECD 2014a). More than one billion motor vehicles (private

cars, buses and trucks) have been in circulation since 2010, and the demand for private

vehicles, driven by emerging countries, will increase in the future (Rode et al., 2014).

According to a “business as usual” scenario, 800 million additional vehicles will complete

the global vehicle fleet by 2050 (UNEP, 2011). The scientists of the Intergovernmental

Panel on Energy and Climate Change (IPCC) anticipate a doubling of GHG emissions by

2050. This increase is mainly due to the rapid urbanization of emerging and developing

countries (UN, 2014)7. Transportation is responsible for a quarter of carbon dioxide (CO2)

emissions from energy consumption in all sectors. We mainly take into account the CO2

because this gas contributes the most to greenhouse effect, according to the International

Energy Agency (IEA, 2012). In addition, overall energy demand from the transport sector

will grow by an average of 1.3% per year by 2035. This pollution stems from the increased

use of private cars affecting megapolises in emerging countries (IEA, 2012). Health effects

are dramatic. Air pollution by various greenhouse gases and fine particles cause prema-

ture deaths of 3.2 million people each year (OECD, 2014b). Developed and developing

countries alike are both affected.

GHG emissions depend on urban form, which induces a maximum distance to travel

between job location and residential places. Emissions also depend on the level of activity

within cities (measured by tons or passenger kilometers), the energy consumed per capita

and fuels used for each mode of transport (Gwilliam, 2002). To reduce GHG emissions,

densification policies should be implemented, as population density appears to be a key

variable (Zheng et al., 2011; OECD, 2012). Cities with high population levels per square

kilometer are subject to lower CO2 emissions per capita. In addition, the previous graph

suggest that Asian cities are “greener” than American car-based cities due to (i) their high

population density and (ii) use of soft modes (cycling, walking, etc.) and public trans-

port to commute (OECD, 2012). Based on this observation, the compact city model is

stimulating debates among economists and urban policy makers because this model would

reconcile economic development and the sustainability of cities (OECD, 2012 ; Newman

and Kenworthy, 1989; Glaeser and Kahn, 2010). Denser cities mean proximity between

firms, spillover effects and increasing returns of scale (Krugman, 1991). Henderson (2002)

review the benefits of agglomeration economies in cities, which have been largely demon-

7The urbanization rate, measured by the number of inhabitants living in cities, was similar in 1990 in
Brazil and in the USA. However, it took Brazil 30 years to reach this rate, unlike the USA, where it took
90 years (Henderson, 2002). Today, Africa and Asia are the main continents affected by this fast-paced
urbanization, including India, China and Nigeria in particular (UN, 2014).
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strated in the literature. In large cities, firms and workers earn more thanks to clustering,

specialization, innovation and the process of knowledge spillover (Henderson, 2002; Duran-

ton and Puga, 2004; De la Roca and Puga, 2017, Puga, 2010). However, large cities induce

social costs that undermine economic growth. Land costs in the CBD of a “monocentric”

city force households to locate further away, which leads to urban sprawl.

Urban sprawl as a key factor regarding externalities of congestion and pollu-

tion. Emphasis should be placed on existing relationships between space organizations

and transport-related flows (Rode et al., 2014). Urban growth has accelerated over the

past 50 years and has led to massive consumption of agricultural land (OECD 2014a;

Cavailhès et al., 2015). Simultaneously, these existing cities have started to spread out by

observing a decrease in their population density (Angel et al., 2011). A lack of strong gov-

ernance and control in urban planning foster this phenomena (Henderson, 2002). Between

the late 1990s and the mid-2000s, growth of urban areas has been more than proportional

to population growth in cities. For instance, between 1990 and 2015 in China, built-up

areas quadrupled, while the urban population nearly tripled (Chen, 2018). Development

of bedroom communities and suburbs is the result of many socioeconomic factors (land

planning, peripheral commercial areas, transport costs, available living space per capita,

etc.) and low costs of access to private transport. As a consequence, urban sprawl im-

plies longer traveled distances to workplaces and a higher dependency on private car use
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for households living in low-density areas (Hubert et al., 2016; Pouyanne, 2007; Breheny,

1995).

Lack of consideration of negative externalities (congestion, pollution, accidents, health

problems, etc.) has fostered urban sprawl. This phenomenon affects Asian cities, espe-

cially in China and India, due to assumed planning or regulations setting a housing size

limit in urban centers (Rode et al., 2014; Bertaud and Brueckner, 2005; Borck, 2016).

In addition, some cities such as London or Hamburg have chosen to redensify (Floater et

al., 2013). There is also an increase in public transport investment worldwide and the

modal share of mass transit system has increased in some OECD countries (Sims et al.,

2014). These changes are mainly the result of political will and citizen demands for a

better quality of life that go beyond pure economic considerations.

Hence, urban costs are an issue every city must address to remain attractive and to re-

duce their carbon footprint. Clearly, political will matters regarding urban transportation

policies (Chen, 2018). Different policies exist and have been implemented in the past. We

will review these urban policies and evaluate their efficiency mentioning that only a few

studies have focused on the impacts of these urban policies in polycentric cities.

1.2 Policies aiming to lower GHG emissions and congestion in

urban areas.

Urban policies may efficiently curb GHG emissions by mobilizing numerous actors such as

local, regional and national public authorities (OECD, 2014a). Development of compact

cities providing efficient public transport service and improved infrastructure related to

soft (i.e., non-motorized) modes of transport is promoted by the IPCC. Indeed, the higher

the share is of transport modes that use less carbon for trips involving people and goods,

the lower the CO2 emissions per capita (Bongardt et al., 2013). A mix of land policies

and urban planning oriented toward a limited space for private cars and a proximity of

residential and business locations enable a city’s carbon footprint to be reduced (Suzuki

et al., 2013). Policies of congestion management through tolls arise only in a few cities

worldwide (London, Singapore, Stockholm, Trondheim, Oslo, etc.) as pointed out by Fos-

gerau and De Palma (2013). Political concerns and electoral cost of unpopular initiatives

drive this lack of tax implementation (Fosgerau and De Palma, 2013).
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Taxation. Taxation (positive or negative)8 is a means at the disposal of city council

members to achieve the objective of urban sustainability. It enables consumers’ behav-

ior to be changed by influencing them to purchase and/or use virtuous carbon transport

modes. A “carbon” tax or an urban toll aims to charge for the negative externalities

(congestion, accidents, air pollution) that come from purchasing vehicles that do not meet

certain environmental standards by individuals who impose them on the community. How-

ever, this strategy remains ineffective if the tax does not correspond to the marginal cost

as with fuel taxes (Rode et al., 2014). Implementing congestion charging schemes is often

advocated as a solution to internalize the social costs of transport (GAO, 2012; Elias-

son and Mattsson, 2006). These congestion charges have two objectives: (i) curbing the

quantity of negative external effects (congestion, pollution, GHG emissions), and (ii) pro-

viding financial resources in order to develop an alternative supply of public transport.

Singapore, Oslo, Stockholm and London have implemented urban tolls and pursue anti-

congestion policies. In addition, public transport is promoted.

Since the introduction of an urban toll in London in 2003, traffic has declined in the

zone where commuters incur a tax (Santos, 2005). Toll revenues have been used to finance

improvements in the public transport system (frequency, servicing, etc.). Norway has set

up cordon tolls in Trondheim, Oslo and Bergen, for example. This system has also made

it possible to reduce traffic in city centers but also to finance large-capitalization infras-

tructure such as tunnels and bridges. Singapore is a city-state that implemented its urban

toll in 1975 to manage traffic flow while promoting public transport, carpooling and soft

modes of transportation (e.g., cycling and walking). The ERP system in Singapore is a

time-varying toll charging commuters more during peak hours in the morning (7-8 am)

and in late afternoon (6 pm). These urban toll policies are rare and have reduced traffic

flows and CO2 emissions in the areas concerned (Fosgerau et De Palma, 2013). However,

they have perverse effects such as shifting congestion to other roads that are free of charge

(Santos, 2005). In addition, the increase in housing prices in the areas subject to urban

tolls affect the well-being of tenants living in those areas (Tikoudis et al., 2015; Segal and

Steinmeier, 1980). Spatial allocation is not optimal in the short run for given location

when taxes are implemented. Firms and households location adjustments in the long run

matter.

The implementation of urban tolls is a challenging road, as in Stockholm (Eliasson et

Mattsson, 2006). The future French mobility law provides that each French city may

8A tax reduction or a state subsidy is considered positive taxation since an economic agent is rewarded
due to a change in behavior. Conversely, paying a tax is part of negative taxation
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implement an urban toll. At this stage, local authorities can only set them up on an ex-

perimental basis for a maximum period of three years. No experiment has been conducted

in France. Alternatives such as policies to increase population density in urban areas are

often less controversial.

Policy impacts of urban densification. Rode et al., (2014) show that urban density

(population/hectare) is a critical variable when it comes to lower investments in road in-

frastructure and other services for housing (water, purification, etc.). A dense, sparsely

spread city offering good public transport service requires less infrastructure investment.

Public transport supply is more efficient in terms of operating costs in dense urban areas.

For instance, the densest French communes cover 3.5% of the territory; they account for

half of the total population for an average residential density of 1,000 inhabitants per

square kilometer in 2008 (CGDD, 2010). Hence, this density level is a potential market

for an efficient mass transit system. Conversely, a sparsely populated city increases the

need for road infrastructure and service provision over larger areas. In addition, per capita

fuel expenditure is higher in a city that is spread out than in a compact city (Houston

vs. Copenhagen, see Laconte, 2005). Duranton and Turner (2017) and Blaudin de Thé

et al. (2018) demonstrate that an increase in population density yield a decline in fuel

consumption and vehicule kilometer traveled in urban areas.

Restrictions on building size and density can lead to negative effects such as a more

sprawling urban form, which induces a decrease in the supply of floor space (Rode et al.,

2014). Indeed, policies that limit building heights create urban sprawl by increasing land

prices in the restriction zone (Bertaud and Brueckner, 2005). Population density declines

close to the city center and increases on the outskirts. As a result, it increases average

distances between home and work in the case of a monocentric city and emissions associ-

ated with these trips. These emissions may even be amplified in the case of modal choice

according to Borck (2016). This policy has also ambiguous effects on GHG emissions

stemming from residential areas (Borck, 2016). A sound change in urban planning may

be an alternative to taxation and densification policies to reduce congestion externalities

and CO2 emissions.

1.3 Economic and environmental implications of different urban

spatial structures.

Compact cities bring people physically closer to their workplace and economic activities

between them creating agglomeration economies (Fujita and Thisse, 2013). However, con-
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gestion and pollution externalities do exist in urban areas and can reduce the interest of

densification policies. The level of infrastructure dedicated to public transport is in com-

petition with the space used by private vehicles. In a study on several cities worldwide

(e.g., London, Los Angeles, and Hong Kong), Newman and Kenworthy (1989) demon-

strate a negative relationship between population density level and energy used stemming

from transport flows. Indeed, the use of low-emission transport modes (cycling, public

transport, walking) has increased in densely populated areas (CGDD, 2010).

Sparse cities with dispersed urban functions such as Houston or Los Angeles require own-

ership of private vehicles. This need is also explained by the low cost of transportation

for commuting by car (Glaeser and Kahn, 2004). Therefore, the urban space in central

business districts is occupied mainly by parking spaces (Manville and Shoup, 2004). In

addition, an increase in road infrastructure investment allowing for the construction of new

lanes in urban areas leads to a relocation of city dwellers to the outskirts of metropolitan

areas (Baum-Snow, 2007). These effects must be taken into account by urban planners

because this infrastructure is built to last, while job and household relocations can be

faster. Therefore, land use decisions must be analyzed in relation to transport systems

within an urban spatial structure. The decentralization of jobs in monocentric cities has

ambiguous effects on average traveled distances and home-to-work travel times. Several

studies show that the location of jobs in secondary business districts reduces distances

and travel times against the CBD gathering the predominant economic activities (Giu-

liano et Small, 1993; Veneri, 2010; Alpkokin et al., 2008). In Germany, Gutz et al. (2009)

compare the cities Frankfurt and Stuttgart, which have a polycentric form, with Munich

and Hamburg, which are monocentric. The authors observe shorter traveled distances for

commuters living in Frankfurt and Stuttgart. However, opposite effects are also observed

(Naess et Sandberg, 1996). The dispersion of jobs led to mismatching problems in Paris,

Lyon and Marseilles from 1990 to 1999, increasing the average traveled distances (Aguiléra,

2005). In addition, progressive decentralization of employment has also led to an increase

in home-to-work distances as jobs were relocated to low-density areas from 1986 to 1996 in

Barcelona. Scholars have noted an absence of a regional policy for the development of resi-

dential land, and high car-use dependency has led to this result (Muñiz et Galindo, 2005).

Several urban economists only consider transport costs to be fixed per distance in the

spatial structure of cities, albeit potentially negligible. In addition, traffic congestion is

assumed to be fixed per unit of distance (Lucas and Rossi-Hansberg, 2002; Gaigné et al.,

2012). Accordingly no competition occurs in the land market between the road system

and land use for commercial and residential purposes. It would be useful to study urban
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spatial structures considering transport costs depending on location and traffic congestion

and implement the available policies to address these challenges.

2 Literature review.

2.1 Modeling the polycentric city.

Two main polar models exist regarding urban spatial structure: the monocentric and the

polycentric city9. A city is denoted as monocentric or polycentric based on the number

of business districts. In these districts, only firms use land and attract all workers from

the city (Fujita and Thisse, 2013). Empirical evidence suggests that firms may not have

exclusive use of the land at their location. Mixed land use is observed in some US cities,

but this trend requires more scrutiny due to the unclear interplay between commuting

times and employment dispersion (Wheaton, 2004). In any case, firms have an incentive

to locate closer to each other, generating increasing returns and agglomeration economies

(external and internal). However, gathering firms in a CBD leads to high land rents in

the vicinity of this location and high commuting costs for workers. Individuals use road-

ways for commuting to the CBD (Solow, 1972, 1973). Some models allow for leisure and

shopping trips as Anas and Kim (1996).

To sum up, urban land is mainly devoted to residential, commercial, amenities and trans-

portation use. The two former are commonly designed in urban economic models according

to diverse formalizations. Land use in a CBD can be exclusively allotted to firms (Larson

and Yezer, 2015) or mixed (Fujita and Ogawa, 1982). Hence, it allows for competition in a

land market between firms and households. Powerful urban economic models emerge with

the seminal works of Alonso (1964), Mills (1967) and Muth (1969) because they reflect

what we observe in European and American cities (Brueckner, 2011). Location choice of

households depends on a key trade-off between rental price and commuting costs. Living

farther from one’s workplace results in high commuting costs, which are balanced by a

lower housing cost. Households bid for housing lots measured in square feet per housing

floor space available at each point (see Figure 2). Housing floor space is often the single

feature for dwellings. Bid-rent prices are higher near the CBD than at the city fringe. The

equilibrium land rent equals the highest bid at each location and represents the upper

envelope of the auctioning process (Figure 2). As bid-rent prices decrease with respect to

the distance from the CBD, housing consumption increases. Otherwise, there would be no

9see Fujita and Thisse (2013) for a more detailed discussion about all underlying models existing in
the literature of monocentric and polycentric cities.
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Figure 5: Upper envelope of the bid rents in equilibrium and location of CBD x = 0, and
limit y of the monocentric city (Solow, 1972).

incentives to live farther from the CBD. Accordingly, the residential density decreases with

respect to the distance from the CBD as households demand more space when land rent

becomes less expensive. A new urban form has emerged as major metropolises expand.

Firms benefit from cheaper technology of information and communication to change their

industrial structure. As a consequence, they have changed the location of their economic

functions. Headquarters are centrally located while plants and warehouses are decen-

tralized in the outskirts of cities (Fujita and Thisse, 2013). Hence, it becomes useful to

reconsider the basic model and evaluate economic and environmental policies within a

polycentric city. We use a model with similar mechanisms as in a monocentric city. Bid-

rents decrease from the CBD and rise again close to the SBD. Finally, they decrease from

the location of the SBD to the city limit (Figure 3). There is a wage premium in the CBD.

Indeed, business services and high skilled jobs are located there while SBDs concentrate

medium-skilled jobs. Our model is a linear city where firms do not compete for land and

are located in business districts. m lines share the same initial point (x = 0) which is

the CBD. The location of the SBD is determined endogenously in equilibrium in line with

Cavailhès et al., (2007), Gaigné et al., (2012) and Lucas and Rossi-Hansberg (2002). Our

analysis focuses mainly on the evolution of CO2 emissions stemming from transport flows

and congestion management in a closed-city with a changing urban form. Urban systems

of several cities are not considered.
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Figure 6: Upper envelope of the bid rents in equilibrium and location of CBD x = 0, SBD
zS and limit y of the polycentric city (author).

Marshallian approach. In our model, firms do not use space and do not compete with

households to rent land. However, we do not neglect Marshallian externalities that foster

agglomeration economies (Fujita and Thisse, 2013). Our city is a result of socioeconomic

forces yielding a concentration of firms in a CBD. In addition, our basic monocentric

city can shift to a polycentric city, while the CBD remains the most attractive workplace

thanks to a wage premium. All households work and travel to the business districts. In

a pure monocentric model, all inhabitants are identical and share the same utility level,

but consumption bundle differs (Brueckner, 1987). In line with the seminal model of

Von Thünen for farmers selling their crops to a central market and developed by Alonso,

Muth and Mills, each economic agent faces a trade-off between land rent and transport

costs (Fujita and Thisse, 2013). In the theoretical models, business districts are often

surrounded by residential areas occupied by workers who are free to choose their residential

location and workplace according to their budget constraint (Fujita and Thisse, 2013). In

equilibrium, we derive the indirect utility for each worker who does not have incentives to

relocate in the city (∂V
∂x

= 0). Hence, the workers share the same level of utility regardless

of their location. Without loss of generality, we assume there is no unemployment and

that workers do not react to a change in transport costs by quitting their jobs. In addition,

we have purposely set aside the literature that includes amenities and shed light on that

one covering road land use and traffic congestion within cities.
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Negative externalities. In a perfect theoretical framework of a given market in pure

and perfect competition, all agents are rational. Hence, a Pareto optimum is achieved

when the welfare of one agent cannot be raised without reducing that of another agent.

Applying these principles to the transport sector within car-based cities does not corre-

spond to reality. We know that lack of coordination between agents leads to an imperfect

market. Additionally, market failures observed, though the literature has focused mainly

on the benefits of agglomeration (Fujita and Thisse, 2013; Brueckner, 2011). The daily

use of cars within cities causes negative externalities, such as air pollution, noise, road

accidents and congestion (Mirabel et Raymond, 2013). A road is congested when an agent

imposes an additional trip on the network, thereby increasing time and delay costs for

other travelers. Different tools exist to manage congestion and pollution in cities such as

urban tolls, low-emission zones, urban boundaries, parking management, public transport

investments and land use regulation such as density limits (minimum lot size zoning),

height limits, yard setbacks, and greenbelts (Small and Verhoef, 2007; Brueckner, 2011).

Therefore, their economic and environmental efficiency must be evaluated to determine

their impacts on urban models and real cities. We review existing theoretical literature

including congestion externality in monocentric cities in order to understand their trans-

position into a polycentric model.

2.2 Impact of anti-congestion policies on urban forms and envi-

ronment.

In discussing the stakes of the new economic geography (NEG), Fujita and Krugman (2004)

agreed that transportation costs are substantial to explain location decision of firms and

households. Raising urban costs to internalize externalities of congestion may improve

the allocation of resources but also have an impact on location decisions in the long run.

First, economists have assessed short-term consequences of implementing an urban toll,

economists have focused on traffic, welfare effects, modal choice conditions and pricing

equity (Eliasson and Mattson, 2006; Raux and Souche, 2004). They have also studied

long-term effects regarding transport preferences and GHG emissions (Bhatt, 2011).

Short-term consequences. In the seminal work of Solow (1972), the author determines

a rent profile that is more convex in the case in which congestion is taken into account.

This means that rents become more expensive close to the CBD and relatively less at

the edge of the city. Accordingly, households locate in smaller housing spaces near their

workplace than at points farther away. Solow obtains a similar result in his subsequent
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paper in which he slightly changes the model (Solow, 1973). When congestion costs are

introduced, land rents rise at all locations for a given city size. However, when housing

density adjusts the city size expands. In the monocentric model, seven cases are analyzed

where the pure distance costs and the congestion costs vary in the annual transportation

cost function with the help of numerical simulations. The fraction of income spent on

housing space after travel costs and the fraction of land allotted to residential use shift

as well. When congestion costs are high, the diameter of the monocentric circular city

increases gently. Some simulations are performed in which the fraction of land allotted to

housing is low and increases from the CBD to the periphery. The simulations yield a flat-

tening effect of the rent profile and a sprawling effect of the city boundary (Solow, 1972).

Solow (1972) is also concerned with the optimal fraction of land that can be allotted to

the road system. In his seminal paper, he demonstrates that the best share between roads

and housing is a fraction of land allocated to residential use yielding a minimum to the

rent at the edge of the CBD. But his answer does not lead to an analytical solution, and

he therefore leaves it for further research. Accordingly, in a subsequent study he carries

out a cost-benefit analysis comparing shifts in the fraction of land use with the help of nu-

merical simulations (Solow, 1973). Since no congestion tolls are implemented, land values

represent diverse private transport costs. Households face a unique trade-off between rent

and travel costs and do not take into account the social cost imposed to other families.

Numerical simulations are performed to compare three distinct planning decisions regard-

ing the fraction of land devoted to housing and its effects on average annual rent, travel

costs and welfare per household. The cost-benefit analysis leads to roads’ overcapacity

within the city, especially close to CBD since market land values are distorted through

the lack of a road-pricing scheme (Solow, 1973).

Regarding land use regulation in an urban model, a city planner is commonly used as

a municipality for Solow (1972) or a manager for Arnott (1979). The former must choose

the best allocation of land between roads and housing, and the latter must minimize its

variable resource costs to supply the whole population in lot size, transportation and other

goods consumed by each resident. Arnott (1979) demonstrates that transport improve-

ment such as a road widening induces indirect costs that should be considered even though

Solow (1973) ignored them. Indeed, it causes larger traffic flows than what existed previ-

ously and avoids an over-evaluation of land for both road and residential use. Transport

upgrades in an unpriced road-scheme create a distorted urban economy in a long-run com-

petitive equilibrium. Accordingly, indirect costs must be taken into account carefully in

the cost-benefit analysis as it relates to optimal capacity allocated to roads.
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Anas and Kim (1996) set up a first-best optimum toll. Transport planners are assimi-

lated as public authorities. Transportation is priced at its social marginal cost; however,

the budget is unbalanced in the short run due to the rent to pay for land using roads. All

rents are redistributed equally among residents. The authors analyze two cases. The first

concerns shopping preferences, which are independent of the mall size. Hence, congestion

is the only externality. They determine a unique equilibrium solution wherein consumers

and jobs are dispersed among all zones of the city in which rent, wage, commodity price

gradients and traffic peak at the CBD.

In the second case, shopping preferences are affected by the size of shopping mall. In other

words, the scale of economies in shopping are strictly positive. Multiple equilibria arise

from the same parameters value. Employment may be concentrated in a subset of each

zone, and residences/streets are present in all zones. With scale economies in shopping,

consumers’ preferences for shopping depend on income, prices of shopping trips and on the

relative sizes of shopping centers. Production may otherwise concentrate in some zones,

while other zones shelter only residences (streets are present everywhere). Accordingly, in

that case a polycentric urban structure emerges.

In the paper of Arnott (1979), city size is determined endogenously, and lot size con-

sumption is fixed at each location but provided endogenously by the city manager. The

major contribution of his work regards transport improvement effect on urban form. In a

distorted economy, a marginal increase in the road width leads to commuting savings in

the short run but causes larger traffic flow at each unit distance. This indirect cost may

be larger than benefits in the long run due to housing adjustment. In other words, the

change may induce a sprawling effect that burdens transportation costs as a long-term

effect.

Long-term effects. Wheaton (1998) continues the analysis of Arnott (1979) by pricing

the congestion externality in the model. He addresses two cases: one with a fixed fraction

of land allocated to transportation and another with an optimal capacity. His model allows

for density adjustments as advocated by Arnott (1979). The originality of his approach

regards the maximization of the aggregate land rents within the city to allocate land given

that externalities exist. The first case brings two externalities: a marginal social cost of

commuting and one linked with adding a new resident at a given distance. These costs

increase the commuting time of travelers at all locations inward along the given distance.

Wheaton determines that land consumption at the periphery is efficient and land prices

are undervalued near the CBD. A congestion toll equal to the marginal increase in travel

time due to an extra resident at a given distance would not set the problem, so the author
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suggests implementing a tax that internalizes social cost of density. In the second case,

the land market is still distorted. However, the marginal cost of increasing congestion or

marginal gain of expanding roadways is equal to the social rent. Accordingly, increasing

commuting distance leads analytically to higher velocity and hence a fall in travel time

per mile. Some numerical simulations are performed to measure the magnitude of the

analytical conclusions. An optimal city is denser close to the CBD than a market city

when transport capacity is constant across locations. This effect is mitigated when the

share of highways is constrained to 99% at the edge of the CBD and decreases to 1% at

the urban border. Density is lower for both market and optimal cities, but the social rent

not only is still above the market rent near the business center but also holds much more

longer than in the first case.

In a later paper, Arnott (2007) raises the question of what level of toll to implement

in order to internalize the congestion externality. The framework also integrates agglom-

eration externalities and non-market interaction between externalities. Toll revenues are

redistributed equally among residents. However household location choice is not analyzed

since each resident lives in the same lot size according to the model specifications. Each

day, she receives a wage that corresponds to her average product lowered by the toll over

the private time cost of a workday (i.e., labor and commuting time). The optimal toll

is determined as the social opportunity cost of leisure multiplied by the social cost of

congestion minus the agglomeration externality in terms of output per worker. Arnott

(2007) performed some numerical simulations using parameters stemming from the empir-

ical literature. As a result, the magnitude of the optimal toll decreases when congestion

externalities are small and agglomeration externalities are large, which is why a govern-

ment should consider the interplay between externalities, especially between agglomeration

economies and traffic congestion externalities. However the government is unable to ob-

serve differences between individual types and unable to differentiate tolls and transfers10.

Accordingly, the author advises of set second-best optimal toll taking into account uninter-

nalized agglomeration externalities. A tax on a daily commute without knowledge of the

uninternalized agglomeration externality might be set at a lower level than the congestion

externality cost. A question remains regarding the internalization of all known negative

externalities, which may or may not be efficient.

Tikoudis et al., (2015) question the impacts of diverse second-best road tolls on the labor

10In the specific case of a dynamic congestion model, a planner should solely impose a time-varying toll
corresponding to the externality cost to achieve a Pareto efficient allocation with a redistribution of the
toll revenue (Arnott (2007).
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market and welfare in the long run in order to observe labor supply and commuting dis-

tance adjustments from households. Residential density and labor supply vary over space,

but lot size of housing is constant for identical individuals. The first toll implemented

is the Pigouvian toll, which internalizes the marginal external cost of congestion. It is a

first best policy without distortions on the labor market. The authors analyze the effect

of a cordon toll as a varying-kilometer tax that approximates a second-best policy and

then the impacts of a tax per traveled kilometer. Anas (2013) analyzed the effects of road

pricing schemes on workplace and residential locations within Chicago as well as on wages,

rents, housing prices and land development. The author shows that quasi-Pigouvian tolls

have an unclear effect on both location of jobs and dwellings. Fuel taxes make a city

more compact, leading to greater wages, rents and housing prices on average. Increasing

pecuniary transport costs is a right tool to reduce urban sprawl.

Regarding land use, it should be noted that the choice to build road infrastructure for

private cars creates a lock-in effect. This implies that road lanes are built to last on areas

that will not be used for other alternatives. In other words, Williamson (1981) calls this

an asset specificity within the urban structure in our case. However, some expressway

projects dedicated exclusively to high-quality service buses (HQSB) have emerged since

Curitiba’s successful experience in Brazil using existing infrastructure (Rode et al., 2014).

In addition, the development of infrastructure to facilitate cyclists and pedestrians changes

mobility so that they are less carbon intensive in urban centers. Car-sharing and the pro-

vision of self-service bicycles is developing within cities such as Paris, Lyon or Rennes in

France. These measures have a dual impact in that they make it possible (i) to reduce

CO2 emissions and (ii) to reduce the externalities of congestion (Turner and Pourbaix,

2014). Electrifying urban transport systems may lead to reduced GHG emissions as well.
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3 Outline.

3.1 Chapter 1: Urban spatial structure, transport-related emis-

sions and welfare.

In this first theoretical chapter11, we have studied the impacts of urban spatial structure

on CO2 emissions stemming from transport flows and on welfare of households. To do

so, we have built a theoretical model of a monocentric city and a polycentric city with

an endogenous location of workplace. Within these spatial structures, location choice of

households and their housing demand are determined endogenously. First, we analyze

changes in CO2 emissions and welfare when a monocentric city shifts to a polycentric one

with an endogenous secondary business district. Second, we assess our results extending

our model with a larger supply of housing in the central business district in comparison

with the SBD and by allowing wages to be determined endogenously within each business

center.

Our chapter is related to previous theoretical works that have studied the development of

secondary business districts in cities (Cavailhès et al., 2007). Floater et al., (2014) and

Burgalassi and Luzzati (2015), state that environmental impacts of urbanization depend

on urban forms (design, density, etc.). Previous studies shed light on the benefits of the

polycentric city as a spatial structure that would decrease the total distance traveled by

workers and mitigate urban pollution (Gaigné et al., 2012; Legras and Cavailhès, 2016).

However, the literature does not assess the impact of a change in workplace location on car-

bon emissions when housing size is endogenous. In addition, the emergence of polycentric

cities is microfounded when housing size reacts to a change in workplace location (Fujita

and Ogawa, 1982; Anas and Kim, 1996; Lucas and Rossi-Hansberg, 2002). However, these

authors have failed to address a major issue, namely, the impacts of job decentralization

on transport-related pollution and welfare when housing size adjusts. Therefore, we de-

velop our model to include both endogenous housing demand and decentralization of jobs.

We find that decentralization of jobs within cities is not necessarily “the” strategy to

reduce transport-related emissions and to improve welfare. Our analysis relies on the fol-

lowing trade-off. On the one hand, for a given population density, the average distance

traveled by workers shrinks when the city shifts from a monocentric structure to a poly-

centric configuration. Hence, for a given housing size, job decentralization within cities

11This chapter is associated with an original research paper (Denant-Boèmont et al., 2018), published
in the Journal of Environmental Economics and Management
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decreases carbon emissions by making commuting trips shorter. This is true as long as

the city border remains unchanged. On the other hand, the average housing size would

increase when jobs are located on the edge of the city since the average price of land

diminishes. As a consequence, the city border expands away from the city center and

the average commuting distance may rise. The increasing housing demand may there-

fore counteract the positive effects of the emergence of secondary business districts on

commuting distances and carbon emissions.

Indeed, the net effect of this development on welfare depends on the characteristics

of the transportation network within the city. More precisely, when housing size adjusts

to urban forms through a change in land rents, a polycentric city is not desirable from

welfare and ecological viewpoints when average travel speed and/or the number of roads

directly connected with the inner city are low. More generally, our results show that the

evaluation of urban policy effect on pollution emission must consider the long-run adjust-

ments in housing size and density.

In our model, we assume that population density and land rents are decreasing with

distance to jobs as housing demand is endogenous. However, we do not know whether

our assumption is restrictive when we study the relationship between urban form and

transport- related pollution. When we extend the city vertically, our results hold when

wages are equal between business centers in cities. Then, we test our results when wages

are endogenous in our polycentric city. We implicitly consider that wage rate does not

adjust to a change in the size of labor markets. However, changes may occur due to a

change in the number of individuals working in the CBD or in the SBD. Under endoge-

nous wages, the gap between business centers increases with the size of the CBD so that

the relationship between the size of the CBD and the wage gap remains negative. Hence,

even if wages react to a change in urban form, our main results hold. Our analysis can

also explain why the effects of employment decentralization in polycentric metropolitan

areas on the patterns of commuting differ across empirical studies. For example, Giuliano

and Small (1993) find that the decentralization of jobs shortens commuting trips, whereas

Aguilera (2005) shows that polycentric cities cause potentially higher commuting distances

than monocentric cities.

We show that a polycentric city is desirable from a welfare and ecological perspective,

provided that travel speed and/or the number of roads directly connected with the city

center are sufficiently high. Indeed, on the one hand, a polycentric city yields direct

benefits through the value of induced travel savings for an unchanged residential location.

On the other hand, a change in workplace location affects residential choice, as land rents

decrease on average. As a consequence, the demand for housing increases so that the city
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expands. Commuting flows and transport-related emissions grow. These indirect costs

may outweigh direct benefits in realistic situations (Veneri, 2010). Overall, the spatial

extension of cities remains the critical variable to curb transport-related urban pollution.

3.2 Chapter 2: Efficiency of road pricing schemes with endoge-

nous workplaces in polycentric city.

In this second theoretical chapter, the urban model builds on the one used in the first

chapter to study the impacts of three road pricing schemes (Pigouvian tax, cordon toll

and flat tax ) on the size of the CBD when two externalities (congestion and agglomera-

tion) interplay in a polycentric city. Traffic congestion is modeled in line with the works of

Arnott (2007), Verhoef (2005) and Tikoudis et al. (2015). First, the effects of road pricing

schemes are evaluated within the monocentric city as a benchmark. Then, we focus on the

changes in congestion level when a decentralization of jobs occurs. The size of the CBD as

well as SBD are determined in equilibrium (“Laissez-faire”) and in optimum (a benevolent

planner maximizes the welfare of inhabitants). Finally, we study the impacts of our three

road pricing schemes in a polycentric city on congestion level, the size of the SBD and

on aggregate welfare. We discuss the implementation of a second transport mode and car

parks in the urban model in relation to tax effects.

Previous studies have often treated urban forms and traffic congestion separately when

the monocentric city model has been used in theoretical contexts. A stream of litera-

ture has addressed the question of the optimum supply of road capacity in cities using

the monocentric model with traffic congestion (Solow, 1972, 1974). Then, monocentric

city models have been studied regarding the internalization of one or two externalities

by Arnott (1979, 2007) and Wheaton (1998, 2004) in particular. More recently, several

authors have focused on congestion management in partial equilibrium models of mono-

centric cities. A few authors have considered the polycentric city to analyze the impacts

of urban congestion on wages, land rents, welfare and location choices of firms and house-

holds (Anas and Kim, 1996; Anas, 2013; Zhang and Kockelman, 2016a, 2016b). This

literature is scarce and does not often deliver full analytical solutions. Numerical simula-

tions are used to solve complex models, including a mix of labor market, production firms

in cities, households, other firms and shopping centers of endogenous location with the

externalities of congestion and agglomeration. In addition, we do not know precisely how

the size of the CBD or SBD vary with road pricing schemes. To the best of our knowledge,

this is the first study that delivers analytical solutions regarding the impacts of road pric-

ing schemes on the size of the CBD when two externalities exist within a polycentric city.
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The Pigouvian tax strategy fails to reach the optimum. This fact can be explained by

two market failures: congestion and misallocation of jobs within the city. This kind of tax

cannot “kill two birds”, namely, reducing the congestion externality for a given location of

workplaces and yielding the optimal spatial allocation of firms. In equilibrium, the CBD’s

size (residential area where workers live) is too large against the optimal size. There is

a larger proportion of workers who are eager to commute toward the central city due to

the CBD’s wage premium compared to the SBDs. As they do not take their social costs

of congestion into account, they consider that the private marginal gain of being located

closer to the CBD is greater than the marginal costs incurred by those who already live

there. Work and residential places are interdependent in household location choices. For a

given city size, the Pigouvian tax makes the CBD too small in a polycentric city. In other

words, the SBD expands and increases the congestion externality of each road user around

that workplace. This location-constrained first-best policy heavily corrects the congestion

externality because of (i) the free location decisions of workers and (ii) the toll level capi-

talized in land rents. A flat tax and a cordon toll do not achieve an optimal location for

the SBD. This chapter determines the effects of road pricing schemes, which have been

demonstrated in the literature regarding the monocentric city. Tikoudis et al. (2015) use

numerical simulations in a different context, including a labor tax in their model with

road pricing schemes to study the tax-interaction effects. Their results make clear that

a road toll is necessary and that welfare improves when no distortion exists on the labor

market. Tikoudis et al. (2015) and Verhoef (2005) are in accordance to say that a flat

kilometer tax is more efficient than a cordon toll in a monocentric structure. However,

when a polycentric structure emerges, this result does not hold as the efficiency of the

cordon toll and the flat tax depends mainly on the wage gap between the business centers

before the implementation of the road pricing scheme. According to the initial location of

the SBD (SBD too small or too large), a flat tax may be less (resp., more) harmful than

a cordon toll.

In our model, we assume that population density is fixed in a closed-city model and

that transport demand is inelastic. However, land rents decrease with distance to jobs

even if housing demand is exogenous. We do not know whether our assumption is re-

strictive when we study the relationship between urban form and road pricing schemes

in the long run. Indeed, implementation of road pricing schemes may force households

not to travel to their workplace, which lowers labor supply, or switch to another mode of

transport (Tikoudis et al., 2015). In a system of cities, some households would migrate or

travel toward a new workplace in a close city where taxes would be nonexistent or lower
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than in their hometown. Politically, implementation of urban tolls generates public outcry

and thus is scarcely used around the world (Fosgerau and De Palma, 2013). Public trans-

port using a city’s existing road capacity may increase transport costs of commuters but

may also alter the wage premium in a CBD. It may have a counter-effect, such as forcing

households to switch workplaces, thereby improving the attractiveness of the SBD where

car use prevails, which would also cause urban sprawl. Clearly, further works are needed

to analyze urban policies of density and congestion management in polycentric cities.

This chapter has measured the efficiency of three road pricing schemes (Pigouvian tax,

flat tax and cordon toll) to address congestion externality when decentralization of jobs is

endogenous. The model captures the fact that commuters face a trade-off between taking

advantage of the CBD’s wage premium and being stuck in traffic. The “Pigouvian tax”

strategy fails to reach the social optimum due to the presence of two market failures in

the urban economy: congestion and misallocation of jobs within the city. A “Pigouvian”

tax cannot solve two different problems simultaneously, namely reducing congestion level

for a given location of jobs and reaching the optimal spatial allocation of firms. Without

regulation the number of jobs in the CBD is too large (and the congestion burden is ex-

cessive), while the “Pigouvian tax” generates a too low a size of CBD. In addition, a flat

tax is not necessarily worse than a “Pigouvian” tax, in contrast to the cordon toll.

3.3 Chapter 3: Commuting and urban forms: case study of

French municipality areas.

Finally, in this third chapter, we have collected data from the French national census to

analyze the effects of urban forms on home-to-work distances and travel time during peak

hours. Three periods are studied: 1999, 2007 and 2014. We use a distance meter called

”Odomatrix” which is a tool that measures road accessibility on the French network. Mu-

nicipal data are combined with a road database from the National Institute for Geographic

and Forestry Information (IGN). First, we define four measures of urban form. Our main

concern is the spatial organization of workplaces and population within the French ur-

ban areas. In a second step, we specify an econometric model in order to evaluate the

relevance and the magnitude of the relationship between these urban form measures and

home-to-work distances over three periods. Third, we focus on the impacts of urban forms

on peak hour travel times and distances between dwellings and workplaces only in 2014.

Finally, we conduct an analysis of the relationship between urban form measures at the

municipal level and commuting times and distances in 2014.
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In France, average traveled distances increased between 1990 and 2014. This increase

was mainly due to urban sprawl and segregation of urban functions (living spaces vs.

workplaces) (Coudène and Levy, 2016). The same phenomenon is observed in Western

economies (Kahn, 2010; Garcia-Palomares, 2010; Aguiléra et al., 2009). Urban densifica-

tion is a current policy designed to reduce home-to-work distances and resulting energy

consumption (transport, housing, etc.) (Larson and Yezer, 2015; Duranton and Turner,

2017; Blaudin de Thé et al., 2018). However, the effects remain weak in the various em-

pirical analyses. In addition, an increase in population density per square mile can lead

to longer journey times (Priemus et al., 2001; Schwanen et al., 2004). Thus we consider

focusing on the spatial organization of jobs within urban areas. We use four urban form

measures as explanatory variables: (i) a ratio between the number of jobs in a central

municipality and the total number of jobs in the urban area, (ii) a concentration index in

the same vein as Herfindahl-Hirschmann, (iii) a spatial distribution index of population

and jobs in the central municipalities and (iv) an index of the distribution of jobs and

population within the municipalities of each urban area. Our objective is to determine

those that are relevant in order to suggest a better targeting for urban policies.

Our econometric analyses yield a positive and significant relationship between the av-

erage traveled distances and the concentration of jobs in the central municipalities as well

as in the urban areas where they are located. We obtain elasticities between commuting

distances and jobs dispersion index between 0.22 and 0.26 for our cross-sectional analysis

(1999, 2007 and 2014). Our analysis in 2014 yields relationships that are qualitatively

similar.commuting times between dwellings and workplaces during rush hour. Our last

counterfactual analysis confirms that if jobs and the labour force were equally distributed

within an urban area, peak-hour travel times and home-to-work distances would decrease

on average by 10% for the majority of municipalities, especially those located on the

periphery. Our results highlight the significant elasticities between our dependent and ex-

planatory variables but it would be necessary to test the causal effect of our urban forms

measures by deepening our econometric analyses and experimenting a policy in situ.

This chapter adds on our two previous theoretical analyses. We have focused our em-

pirical analysis on the relevance of spatial organization of jobs and population in order to

pursue the question concerning polycentric cities design. We have estimated the effects of

urban forms measures in relation to average commuting time and distances within French

urban areas in our cross-sectional analysis from 1999 to 2014. In addition, the effects of

the spatial distribution of jobs and dwellings in relation to average commuting time during

peak-hours and to urban cores are estimated in 2014.
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The greater geographical concentration of jobs in urban areas with respect to the popu-

lation seems to significantly influence commuting time and distances. Density and distri-

bution of employment locations may manage urban congestion. However, our estimates

suggest relatively modest effects. In addition, our results show that commuting time and

distances depend on many other parameters than the spatial distribution of jobs within

urban areas (population density, demography, public transport, etc.).
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Chapter 1: Urban spatial structure, transport-related emissions and welfare

1 Introduction

According to the Department of Economic and Social Affairs of the United Nations (United

Nations, 2014), the global urban population has exceeded the rural population since 2007,

amounting to 4 billion persons in 2014. Moreover, forecasts are consistent with skyrocket-

ing urban growth in which 66% of the world population will live in an urban area by 2050.

A striking feature of urban development is that the average floor space per capita tends

to increase strongly and the spatial extension of a city increases more than proportionally

with population size. For instance, the average living space per capita increased by 80%

in the US between 1975 and 2005 (Calwell, 2010 and Xue et al., 2014). A similar trend is

also observed in European countries (Naess and Vogel, 2012) and OECD countries, where

the average dwelling size increased by 10% between 1990 and 2004 (Birol, 2007). One con-

sequence of the growing urban population and housing size per inhabitant is the spread

of urban areas into rural areas (urban sprawl) in such a way that the spatial size of cities

rises more than proportionally with their number of inhabitants. For example, the land

allocated to residential areas increased by 48% between 1976 and 1992 in the US, while

the urban population increased by 18% (Overman et al., 2008).1 Hence, traveled distances

within urban areas rise strongly when the urban population grows because the land area

assigned to these cities expands. As a consequence, an important drawback of urban-

ization is that it positively affects the level of greenhouse gas (GHG) emissions through

the growth of the energy services required for lighting, heating, and cooling (Hoornweg et

al., 2010), but also coming from increasing traffic demand (Hickman and Banister, 2014 ;

Litman, 2015).

Technological progress and increasing motor efficiency are likely to be insufficient to curb

the pollution level associated with the transport of people within cities (European Envi-

ronment Agency, 2007). Regarding technological progress and fuel efficiency, Larson et al.

(2012) recall that increased fuel efficiency is partly offset by a ”rebound” effect in which

driving increases, due to a latent demand effect. For instance, Sorrel (2007) gives empiri-

cal evidence for this rebound effect, meta-analysis suggesting a value between 10 to 30%

for it. Goulden et al. (2014) also emphasize that absolute decoupling between transport

and emissions could only come from widespread electrification of vehicles, which should

be very costly and does not solve indirect emissions issues. In France, similar evidence of

1As suggested by Rode and Floater (2014), long-run analysis of population densities in cities suggests
that there are certain trends towards de-densification. By using a representive sample of cities in developed
countries, Angel et al., (2005) estimated that while urban populations grew approximatly 5 per cent
between 1990 and 2000, their built-up area increased by 30 per cent. Angel et al. (2005) also observed
that average densities decline by 22 per cent during the same period.
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a rebound effect had been provided by Levy and Le Jeannic (2011). Between 1990 and

2007, technological gains enable a decrease of 13.2% of CO2 emissions coming from private

vehicles if the total distance traveled by workers would be constant. At the same time,

average trip distance and population size have increased more rapidly than technological

gains, offsetting it. The total evolution of CO2 emissions stemming from private cars had

finally increased from 10% during that period. Another problem related to better energy

efficiency and decrease in commuting costs is provided by Brueckner (2011), as empirical

evidence suggests that the elasticity of urban area land to commuting cost could be be-

tween -0.3 and 0, which suggests that fuel efficiency improvements causing a decrease in

commuting costs could entail increasing commuting distances.

As improvements in energy efficiency are likely to be insufficient to stabilize the transport-

related pollution in cities, policy makers and urban planners need to consider other ini-

tiatives to mitigate urban pollution 2. As noted by Floater et al., (2014) and Burgalassi

and Luzzati (2015), the environmental impacts of urbanization may depend on differences

in spatial structures and their dynamics. In other words, urban forms play a key role in

the carbon emissions. For instance, for a given population, higher population density is

associated with lower levels of emissions (Glaeser and Kahn, 2010; Zheng et al., 2011).

By increasing the share of public transport, high density induces relatively low carbon

emissions. In addition, an important factor of transport demand is the imbalance of hous-

ing vs. jobs, that is, the distance between dwellings and workplaces (Bento et al., 2005).

Longer commuting flows are caused by the development of jobs in the inner city while

workers live farther away from the city center. The decentralization of jobs through the

creation of subcenters within a city (i.e., the formation of a polycentric city) may also be

a strategy to reduce the amount of commuting and improve global welfare (Gaigné et al.,

2012). Public authorities may control the intra-city distribution of firms to decrease the

average distance traveled by workers.3

From the ecological and economic efficiency viewpoints, the polycentric city is seduc-

tive at a first glance (Anas et al., 1998; Bertaud, Lefèvre and Yuen, 2011). Because there

are many job centers, the average distance between a household’s residential place and

workplace is expected to be shorter than the corresponding distance in a monocentric city.

2An important issue to tackle the problem between energy consumption, emissions and urbanization,
not discussed in this paper, is about optimal taxation of externalities coming from urban sprawl, e.g.,
traffic congestion and pollution. These dimensions are discussed, among others, by Larson et al., (2012)
and Borck and Brueckner, (2016).

3The decentralization of jobs in a few subcenters within cities is observed in London, Paris, Los Angeles
and even Mexico, which have become polycentric cities in the past few decades (Storper, 2013).
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Hence, the development of secondary business districts would decrease the total distance

traveled by workers and, in turn, shrink carbon emissions due to a lower traffic volume

and land rents (see Gaigné et al., 2012; Legras and Cavailhès, 2016). However, when as-

sessing the impact of decentralization of jobs on carbon emissions, the existing literature

has failed to address a major issue. Indeed, the housing size is assumed to be given, so

the population density is constant. Instead, the effects of urban spatial structure should

be analyzed within a framework in which housing size is endogenously determined in re-

sponse to the location of jobs and land rents. Urban housing size cannot be considered

independently from the urban form.4

The objective of this paper is to assess the impacts of job decentralization on transport-

related pollution and welfare when housing size reacts to a change in workplace location.

Some studies provide the theoretical micro-foundations of the formation of polycentric

cities when the housing size is endogenous (Fujita and Ogawa, 1982; Anas and Kim, 1996;

Lucas and Rossi-Hansberg, 2002). However, they do not study the impact of the emer-

gence of polycentric cities on urban pollution and welfare. To reach our goal, we develop a

simple model in which housing demand and job decentralization are endogenous. However,

our model delivers full analytical solutions and captures in a simple way (i) the fact that

population density is higher in the central city than at the city outskirts, in accordance

with the empirical evidence; (ii) the fact that the share of jobs established in subcenters

grows with city size and lowers commuting costs and (iii) the basic trade-off between

long/short commutes, low/high land rents, and high/low housing size.

We argue that developing subcenters within cities, that is, evolution toward a polycentric

structure, is not necessarily the best strategy to reduce commuting flows and to improve

welfare. Our analysis relies on the following trade-off. On the one hand, for a given popu-

lation density, the average distance traveled by workers shrinks when the city shifts from

a monocentric structure to a polycentric configuration. Hence, for a given housing size,

job decentralization within cities decreases carbon emissions by making commuting trips

shorter. This is true as long as the city border remains unchanged. On the other hand,

the average housing size would increase when jobs are located on the edge of the city since

the average price of land diminishes. As a consequence, the city border expands away

from the city center and the average commuting distance may rise. The increasing hous-

ing demand may therefore counteract the positive effects of the emergence of secondary

business districts on commuting distances and carbon emissions.

4Legras and Cavailhès (2016) consider three different lot sizes. However, the authors assume that lot
sizes are exogenously given and disregard their effects on welfare.

70



Chapter 1: Urban spatial structure, transport-related emissions and welfare

Indeed, the net effect of this development on welfare depends on the characteristics of

the transportation network within the city. More precisely, when housing size adjusts to

urban forms through a change in land rents, a polycentric city is not desirable from welfare

and ecological viewpoints when average travel speed and/or the number of roads directly

connected with the inner city are low. More generally, our results show that the evaluation

of urban policy effect on pollution emission needs to consider the long-run adjustments in

housing size and density. In a different context, Arnott (1979) and Borck (2016) find that

the impacts of transport policies and building height restrictions differ when housing size

adjusts.

Our analysis can also explain why the effects of employment decentralization in poly-

centric metropolitan areas on the patterns of commuting differ across empirical studies.

For example, Giuliano and Small (1993) find that the decentralization of jobs shortens

commuting trips, whereas Aguilera (2005) shows that polycentric cities cause potentially

higher commuting distances than monocentric cities. Therefore, the spatial extension of

cities remains a critical variable to curb transport-related pollution.

The chapter is organized as follows. In the first section, we describe our model. We

discuss in Section 3 the levels of welfare and pollution when the city is monocentric or

when the city is polycentric in Section 4. Section 5 provides extensions of our framework

to check the robustness of our main results.The last section concludes5.

2 A simple model

Our framework extends the model developed in Cavailhès et al., (2007). Lot size is en-

dogenously determined within a city endowed with L > 0 workers. They are free to choose

their residential location and their workplace and can consume two goods: land, which

is used as a proxy for housing, and the numéraire6. Urban land is exclusively devoted

to residential purposes – firms do not use land and therefore do not compete for it –

and transportation capacity is supplied without land. Workers travel only for commut-

ing purposes7. We also assume that there is no vacant land at the residential equilibrium.

5This chapter is associated with an original research paper (Denant-Boemont et al., 2018), published
in the Journal of Environmental Economics and Management.

6For simplicity, we assume that land is owned by absentee landlords.
7We neglect shopping and leisure trips in that framework. According to CGDD (2010) for France

and AASHTO (2013) for the US, commuting trips represent approximately 1/4 of total local trips for
households.
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The city is endowed with m ≥ 1 residential areas, which are connected only to the central

business district (CBD). Formally, the city is described by m one-dimensional half-lines

sharing the same initial point x = 0. Distances and locations to the CBD are expressed by

the same variable x measured from 0. Hence, the city is characterized by a hub-and-spoke

transportation network in which m is also the number of spokes. Such a spatial represen-

tation of the city allows us to study the role of the transportation network structure in

the efficiency of urban forms. The city is assumed to be symmetric around the CBD. The

limit of the city in each residential area is given by y so that the total residential area is

my. Firms are located either in the CBD or in a secondary business district (SBD). Each

residential area/spoke hosts at most one SBD. The location of the SBD zP along each

spoke is determined endogenously.

Workers share the same quasi-linear utility function, given by8

U = q +
√
h− µE, (1.1)

where q is the consumption of the numéraire, h is the consumption of housing floor space,

and E is a negative externality related to the total emission of pollution at the city level

generated by commuting flow. The parameter µ captures the magnitude of the disutility

arising from urban pollution. Our utility function assumes that the demand for housing

does not vary directly with income. As we will see below, the bid rents offered by workers

depend on income due to commuting time such that income affects a worker’s residential

choice.

We consider that E = εC, where C is the sum of the distance traveled by workers and ε

is the amount of carbon dioxide generated by one unit of distance traveled by a worker.

The value of ε depends on the technology used (less-fuel-intensive and non-fuel vehicles,

eco-driving and cycling) and on the commuting mode (public transportation versus indi-

vidual cars). For simplicity, we assume that ε is a given parameter that is independent

from city size and compactness9. Because the terms µ and ε will always appear together

throughout this paper, we find it convenient to set ζ ≡ ε× µ.

8Using a Cobb-Douglas utility function does not qualitatively change our results.
9Because collective forms of transport are more viable in larger and/or more compact cities, one would

expect ε to be a decreasing function of city size and/or compactness. Although we treat ε as a parameter,
we will discuss what our results become when ε varies.
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The time constraint of a worker located at x is given by

1 = ℓ+ τ |x− zi| , (1.2)

where ℓ is the amount of labor time and τ |x− zi| is commuting time from her residential

location x to the location of the business district zi with zi = 0 (resp., zi = zP ) if her job

is located in the CBD (resp., SBD)10. Hence, τ > 0 is the travel time per unit of distance.

As a consequence, the parameter τ can also be interpreted as the inverse of average travel

speed in the city. The budget constraint of a worker located at x can be written as follows:

ωiℓ(x) = q +
R(x)

δ(x)
h(x) + t(x), (1.3)

in which ωi is the wage rate per time unit with ωi = ω0 (resp., ωi = ωP ) if her job is

located in the CBD (resp., SBD). The wage rates are treated as exogenous parameters and

could vary across business districts within the city, in accordance with empirical evidence

(Timothy and Wheaton, 2001). The parameter t(x) represents the monetary costs of

commuting between one’s workplace and one’s residence11, and R(x) is the land rent at

x. Because δ(x) is the housing floor space per unit of land at distance x, R(x)/δ(x) is the

price per floor space unit paid by a consumer living at x. Accordingly, in a competitive

market framework, the household that makes the highest bid gets the housing at x, in line

with Alonso (1964). Without loss of generality, we assume that t(x) = 0 and δ(x) = 1.

Hence, workers face a trade-off between the level of land rent to pay, the commuting costs

(measured as the opportunity cost of time) and the size of their housing.

Utility (1.1) maximization under the budget constraint (1.3) and the time constraint

(1.2) leads to the individual demand for housing

h(x) =
1

4R(x)2
. (1.4)

As expected, the housing size at x decreases with the price R(x) paid by a consumer to

reside at x. It follows that we abstract from a direct effect of income on the demand for

housing. This point is discussed below. As a result, the indirect utility is given by

V (x) = ωi(1− τ |x− zi|) +
1

4R(x)
− ζC, (1.5)

in which we have plugged (1.3), (1.2) and (1.4) into (1.1). Note that high land rents

induce low housing size per resident at each location, given the exogenous supply of hous-

10In this context, time granted to leisure activities is excluded without loss of generality.
11Fuel, maintenance and insurance costs of car owners.
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ing floor space. The indirect utility depends on the pollution externality associated with

commuting flows ζC, as well as the income net of commuting time cost and land rents

(ωi(1 − τ |x− zi|) + 1/[4R(x)]). The latter term is called private welfare because it cor-

responds to the consumption of private goods. Private welfare is driven by the urban

spatial structure, which is determined endogenously regarding the locations of SBDs and

city limit.

3 The monocentric city

We begin with a spatial structure commonly used in the urban economics literature: the

monocentric city. There is a single business district (the CBD). Workers choose their

living place within the city to maximize their utility, such that their residential choice

depends on the price paid for housing, the size of housing and commuting time. At the

city equilibrium, each worker maximizes her indirect utility (1.5), and markets clear. The

opportunity cost of land is RA at the fringe. The equilibrium land rent at each location

is given by R(x) = max {Ψ(x), RA}, where Ψ(x) is the bid rent. Given V (x), the bid rent

must solve ∂V (x)/∂x = 0. At the city equilibrium, all workers reach the same indirect

utility level. Accordingly, the distribution of urban dwellers is such that V (x) = V (y)

regardless of x and R(y) = RA. Hence,

V (y) = ω0 − ω0τy +
1

4RA

− ζC. (1.6)

and the bid rent function is given by

Ψ(x) =
RA

1− 4ω0τ(y − x)RA

, (1.7)

so that the individual demand for housing at the equilibrium is given by

h(x) = 4

[
1

4RA

− ω0τ(y − x)

]2
. (1.8)

In equilibrium, the land rent depends on the housing floor space per unit of land, the

opportunity cost of land, the wage rate, the time spent per unit of distance for a commuting

trip within the city and the location x. The equilibrium land rent decreases with respect

to the distance x from the CBD. Meanwhile, the housing demand increases. As each

household reaches the same utility whatever her/his location x, there is a trade-off between

the rent cost and housing size. Notice that the bid rent equals the opportunity cost of land

RA when a worker is located at the city border (x = y). The size of housing achieves its
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maximal value at the city limit. The city border yM solves the total population constraint

given by

L = m

∫ yM

0

l(x)dx (1.9)

in which l(x) is the population density at x with l(x) = 1/h(x). Solving (1.9) by using

l(x) = 1/h(x) and (1.8) implies that the equilibrium city border is given by

yM =
1

4RA

L/m

RA + ω0τL/m
, (1.10)

when all jobs are located in the CBD (see Appendix A for the details). It is straightforward

to check that the city border decreases with respect both to income ω0 and commuting

time τ as the opportunity cost of travel time increases. Under this configuration, the

workers have an incentive to live close to the CBD, rising the land rent and, in turn,

reducing the average size of housing. Increasing the number of residential areas around

the CBD (m) makes the city more compact, as the city border shrinks. Inserting (1.10)

in (1.6) yields the individual welfare in equilibrium

VM = ω0 +
1

4RA

(
1 +

ω0τL

mRA

)−1

− ζCM , (1.11)

when the city is monocentric, where CM is the total distance traveled by commuters within

the city with

CM =
m

4ω2
0τ

2

[
ln

(
1 +

ω0τL

mRA

)
− ω0τL

mRA + ω0τL

]
. (1.12)

The details of the calculations are reported in Appendix B. Some standard calculations

reveal that an increase in the population size increases total distance traveled by workers

as the city border increases. As households face higher land rents when the city limit

expands (see (1.7)), the demand for housing diminishes near the city center. As a result,

the population density increases, even if a fraction of workers relocate farther away from

the CBD. However, the individual welfare decreases with population size as long as the

wage rate remains unchanged. Having a growing population therefore has two negative

effects. First, it reduces private welfare because the land rent increases. Second, it induces

longer travel distances and more pollution, which negatively affects the global welfare.12

It should be noted that, if a lower travel speed (or a higher τ) generates a more com-

pact city (i.e., the distance traveled by the urban workers living furthest away decline),

12Note that the population increase has no effect on wage rates and on the diversity of goods available
in the city.
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the effects are ambiguous on welfare VM when transport-related pollution affects utility.

As in the standard urban model, the net income of workers decreases with commuting time

without pollution. In contrast, the total distance traveled by commuters decreases with

commuting cost (dCM/dτ < 0, see Appendix B). Indeed, workers have a clear incentive

to move closer to the city center when commuting cost increases, as households dislike

spending time commuting. In this case, the average size of housing decreases, implying a

fall in commuting flows and, in turn, in transport-related emissions.

The number of roads directly connected to the CBD (m) may also be a tool to improve

the efficiency of the city. A higher m reduces the distance traveled by the urban worker

living furthest away (yM decreases). For a given housing size, more roads connected to

the CBD make the city more compact and reduce pollution. However, when the housing

size adjusts, the effect is ambiguous on CM . Indeed, the total residential area of the city

(measured by myM) or the average size of housing increases with the number of roads,

which implies that the total distance traveled by commuters increases (dCM/dm > 0, see

Appendix B). In contrast, private welfare increases with the number of residential areas.

We summarize our results as follows,

Proposition 1. Assume a monocentric city. Higher travel speed (lower τ) or more

roads directly connected to the CBD (higher m) improves private welfare but magnifies the

negative externality arising from transport-related emissions.

4 The polycentric city

In this section, we determine the spatial equilibrium when a share of firms can be located

in the SBDs. Individuals choose their workplace (CBD or SBD) for given wages and

land rents. At the spatial equilibrium, no worker wants to change her working place or

residence. The distribution of workers is such that dV (x)/dx = 0. Both the CBD and

the SBDs are surrounded by residential areas occupied by consumers. All the land is

used for housing over the interval [0, y]. Denote by ẑ the right endpoint of the residential

area formed by individuals working in the CBD (or, equivalently, the left endpoint of the

residential area formed by individuals working in the SBD, see Figure 1.1). We assume,

without loss of generality, that the SBD is located in the middle point of the residential

area in which the individuals work in the SBD. There is no reason why the distribution of

workers around zp should be not symmetric. Hence,

zP =
ẑ + yP

2
. (1.13)

76



Chapter 1: Urban spatial structure, transport-related emissions and welfare

Therefore, the bid rents at yP and ẑ are equal and reach the opportunity cost of land RA.

Size of SBDs, housing size and city limit. The worker living at ẑ is indifferent

between working in the CBD or in the SBD, which implies

ω0(1− τ ẑ) = ωP [1− τ(zP − ẑ)]. (1.14)

We assume that ωP = µω0 with 0 < µ < 1, which measures the magnitude of the spread

between the two business districts. Empirical evidence shows that firms are able to pay

lower wages in SBDs. For example, Timothy and Wheaton (2001) report large variations

in wages according to intra-urban location (15% higher in central Boston than in outly-

ing work zones, 18% between central Minneapolis and the fringe counties). According to

Baum-Snow and Pavan (2012), agglomeration economies arise mainly within the central

city, which explains why the wage rate is higher in the CBD. In addition, even though the

wage rate is lower in the SBD than in the CBD, the former remains attractive because the

wage net of commuting cost (for the worker) may be higher in the SBD than in the CBD.

Hence, the location of the worker being indifferent between working in the CBD or in

the SBD located at a distance zP from the CBD is given by,

ẑ(yP ) =
2(1/µ− 1) + τyP

τ(2/µ+ 1)
, (1.15)

in which we have inserted ωP = µω0 and (1.13) in (1.14). It follows that ẑ increases with

1/µ. As expected, higher wage rates in the CBD than in the SBD make the former more

attractive. The size of the CBD (measured as the number of individuals working in the

CBD) increases at the expense of the size of the SBDs. Conversely, a wage decline in the

CBD leads to urban sprawl as long as the wage rate in the SBDs is unchanged. Indeed,

as the CBD becomes less attractive in terms of relative wage, the demand for housing

decreases near the CBD and rises near the SBD. There exists a limit value of ωP/ω0

(µ) below which the city is always monocentric, as given by ẑ(µ) = yP or, equivalently,

µ = 1 − τyP . Hence, a polycentric city emerges if and only if µ > 1 − τyP . The size of

the SBD in terms of jobs grows with µ and reaches its maximum size when µ = 1 (so that

ẑ = yP/3). In other words, yP > ẑ ≥ yP/3.

Further, when the city is polycentric, the equilibrium land rent is given by RP (x) =

max{Ψ0(x),ΨP (x), RA} where Ψ0(x) (resp., ΨP (x)) is the bid rent of individuals working

in the CBD (resp., SBD). As ∂V (x)/∂x = 0, the bid rents around the CBD and the SBDs
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Figure 1.1: Upper enveloppe of the bid rents in equilibrium and location of CBD limit ẑ,
and limit yP of the polycentric city.

are given by, respectively,

Ψ0(x) =
RA

1− 4ω0τ(ẑ − x)RA

and ΨP (x) =
RA

1− 4ωP τ
[
yP−ẑ

2
− |zP − x|

]
RA

.

The bid rents decrease with the distance to the business districts (see Figure 1.1). As a

result, the equilibrium housing demands for individuals working in the CBD and in the

SBD are respectively given by

h0(x) = 4

[
1

4RA

− ω0τ(ẑ − x)

]2
and hP (x) = 4

[
1

4RA

− ωP τ

(
yP − ẑ

2
− |zP − x|

)]2
.

(1.16)

It is straightforward to check that land rent decreases and the housing size grows when the

city becomes polycentric, whereas the city boundary is unchanged (see Appendix C). In

addition, the bid rents and housing size remain identical for all x ∈ [zP , yP ] when a SBD

is created if yP is unchanged. Since the land rent declines and demand for housing rises

at distances lower than zP , the urban fringe must move outward when the economy shifts

from a monocentric city to a polycentric city. As the population constraint is non-linear,

the expression of the equilibrium city border is implicitly defined. In Appendix D, we

show that the city limit is such that

4R2
Aẑ(yP )

1− 4ω0τ ẑ(yP )RA

+
4R2

A[yP − ẑ(yP )]

1− 2µω0τ [yP − ẑ(yP )]RA

=
L

m
. (1.17)
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Hence, equations (1.15) and (1.17) allow us to determine the equilibrium city limit and the

equilibrium size of the CBD (in terms of jobs). Notice that if z = yP , then we fall back

on the monocentric configuration and yP = yM . As a result, if a city becomes polycentric,

then ẑ < yM , so that the population constraint can hold. It is also straightforward to

check that yP > yM for all 0 < ẑ < yM
13. Hence, as the average land rent decreases,

households receive higher utility from larger housing, which explains the lower average

population density14. Consequently, the housing size effect causes a shift in the city limit

yM . Notice that workers reside gradually closer to the CBD in tinier housing because of

their higher value of time when the wage rate in the CBD increases (1/µ increases).

We summarize our results as follows,

Proposition 2. The demand for housing increases when the city moves from a mono-

centric configuration to a polycentric one for a given city border. Therefore, the city limit

moves outward when the city becomes polycentric in equilibrium.

This proposition shows that it is crucial to capture long-run adjustments in the urban

housing market in order to study the effect of urban forms on welfare and pollution.

Because the city border increases, the effects of a relocation of jobs farther away from the

CBD on commuting distances and, in turn, on welfare are ambiguous. Indeed, we have

VP − VM = ω0τ

[
yM − µ

2 + µ
yP − 2(1− µ)

τ(2 + µ)

]
− ζ(CP − CM) (1.18)

where we have used (1.5) for a worker living at the city border in the monocentric city

(VM) and for a worker who is indifferent between working in the CBD and in the SBD

in the polycentric city (VP ). In order to disentangle the different effects at work, we first

analyze the case where the wage rates in the CBD and the SBDs are equal. Then, in

accordance with empirical evidence, we assume that workers receive a higher wage rate in

the CBD than in the SBDs.

No wage gap between the CBD and the SBDs. For simplicity, we first consider

that ωP = ω0 (µ = 1) so that ẑ = yP/3. In this case, the housing size grows at sites close

to the CBD (x ≤ ẑ) and sites located between ẑ and zP when the city becomes polycentric,

whereas yP is unchanged. In addition, the bid rents and housing size remain identical for

all x ∈ [zP , yP ] when a SBD is created if yP is unchanged and there is no wage wedge in

the city (see Appendix C).

13According to (1.17), we have y(z = 0) > y(z = yM ) and ∂y
∂z

∣∣∣
z=0

> 0 > ∂y
∂z

∣∣∣
z=yM

. In addition, y(z)

has a single extremum when z∈ [0, yM ], which is a maximum.
14In their urban energy footprint model (UEFM), Larson et al., (2012) demonstrate that a decrease in

housing costs also leads to demand for a larger lot size. The structural density is also decreasing, as in
our theoretical model.
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Using the population constraint (1.17) and ẑ = yP/3, the equilibrium border when the

city is polycentric is expressed as follows

yP =
1

4RA

L/m

RA + ω0τL/3m
. (1.19)

As expected, the city limit expands when jobs relocate in the SBDs since yP > yM . The

effects of a relocation of jobs farther away from the CBD on commuting distances and

welfare are ambiguous. Indeed, the individual welfare is now given by

V (yP ) = ω0 +
1

4RA

(
1 +

ω0τL

3mRA

)−1 (
1− 2ω0τL

3RAm

)
− ζCP , (1.20)

where CP is total commuting distances within a polycentric city (see Appendix C for

details):

CP =
3m

4ω2
0τ

2

[
ln

(
1 +

ω0τL

3mRA

)
− ω0τL

3mRA + ω0τL

]
. (1.21)

Without pollution externality (ζ = 0), it is straightforward to check that private

welfare increases when the city becomes polycentric. Job decentralization leads to lower

land rents on average and to higher housing size as the maximum distance traveled by

a worker declines. Indeed, the maximum distance traveled between a residential location

and a workplace is given by the commuter living at ẑ or at the city border yP . Thus,

for an individual working in the SBD, the distance is equal to ẑ = yP − zP = yP/3 when

the city is polycentric, whereas the maximum distance equals yM > yP/3 when the city

is monocentric. As a result, with no pollution externality, private welfare improves when

jobs relocate to the periphery of the city. Indeed, using (1.22) implies

VP (ζ = 0)− VM(ζ = 0) = ω0τyM

(
1− 1

3

yP
yM

)
> 0. (1.22)

It follows that if the city border grows in high proportion (yP/yM reaches high values),

the gain in private welfare is low.

When pollution externality is considered (ζ > 0), the analysis is more complex, as the total

distance traveled by workers can increase or decrease when the city becomes polycentric.

In Appendix E, we show that CP < CM and VP > VM if and only if ω0τL/mRA ≡ Γ is

not too high15. The polycentric city makes workers better off if travel speed (1/τ) or the

15**This parameter Γ represents the ratio between the opportunity cost of commuting time for the
whole city population per unit of distance and the land opportunity cost of all roads within the city.**
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number of roads (m) are relatively high in relation to the population size. However, when

population size reaches relatively high values (Γ >> 1), a monocentric city implies a lower

total traveled distance and higher welfare than the polycentric city.

The basic intuition is as follows. When the ratio Γ faces a steep rise, the city border

of the polycentric city increases substantially. Indeed, some standard calculations show

that yP/yM = (1 + Γ)/(1 + Γ/3), which increases with Γ. In other words, when the

city becomes polycentric, the city border expands strongly when the opportunity costs of

travel time and population size are sufficiently high. In a monocentric city, households are

located close to the CBD in tiny housing when the opportunity costs of travel time are

high. In a city endowed with several SBDs, even though the value of travel time is high,

the average housing size remains relatively high. Indeed, the maximum distance traveled

by a worker is much lower in a polycentric city than a monocentric city (yP/3 instead of

yM). As a result, total commuting distances tend to rise strongly in a polycentric city

when commuting time (τ) is high and the number of roads (m) is low. In contrast, the

gain in private welfare when the city adopts a polycentric structure is weak when the city

limit expands strongly (see (1.22)). Thus, social welfare increases when the city becomes

polycentric, provided that the value of travel time is not too high or that the number of

roads directly connected to the CBD is sufficiently high.

The case where ωP < ω0. We now examine the case where ωP = µω0 with 0 < µ < 1.

In Appendix D, we report the expression of the city border yP (µ). Several standard

calculations reveal that dyP (µ)/d(1/µ) < 0 evaluated at µ = 1. A marginal increase of

1/µ leads to a more compact city as yP (µ) decreases and approaches the CBD limit ẑ(µ).

Because the CBD is more attractive when 1/µ increases, the residential areas surrounded

the SBDs shrink. The welfare is now given by

VP (µ) = ω0
3− τyP (µ)

2/µ+ 1
+

1

4RA

− ζCp(µ), (1.23)

in which the expression of Cp(µ) is provided in Appendix F. As the expressions of yP (µ) and

Cp(µ) are highly non-linear, we cannot provide an analytical derivation of these properties.

Instead, we present numerical simulations to study the impact of job decentralization on

commuting flow and welfare when the wage rate is higher in the CBD than in the SBDs.

Different numerical simulations are performed. Under the configuration where ωP = ω0,

the ratio ω0τL/mRA plays a critical role, confirming our main results.
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Figure 1.2: Evolution of private welfare (without pollution externality) with wage gap
(1/µ) [left-hand side]. Evolution of total commuting distances with wage gap (1/µ) [right-
hand side]. Case with a low Γ: (L = 20, τ = 1/10, ωP = 1, δ = 1,m = 10, RA = 1/4.)

 

 

Figure 1.3: Evolution of private welfare (without pollution externality) with wage gap
(1/µ) [left-hand side]. Evolution of total commuting distances with wage gap (1/µ) [right-
hand side]. Case with a high Γ:(L = 20, τ = 1, ωP = 1, δ = 1,m = 2, RA = 1/4.)

In Figure 1.2, we select the value of parameters such that ω0τL/mRA is low enough16,

whereas in Figure 1.3, we consider a case where ω0τL/mRA is high17. Our simulations

confirm that CP < CM and VP > VM (resp., CP > CM and VP = VM) when ω0τL/mRA is

low (resp., high) enough. We report the figures plotting CP and CM against 1/µ (from 1

to 1/µ), as well as VP and VM when there is no pollution externality (ζ = 0) against 1/µ.

It follows that the polycentric city is socially desirable as long as the opportunity cost of

16We have selected the following values: L = 20, τ = 1/10, ωP = 1, δ = 1, m = 10, and RA = 1/4.
17In Figure 1.2, we have L = 20, ωP = 1, δ = 1, and RA = 1/4, as well as m = 10 and τ = 1/10. In

Figure 1.3, we have L = 20, ωP = 1, δ = 1, and RA = 1/4, as well as m = 2 and τ = 1.
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travel time is not too high. Whether a polycentric city is an efficient urban form depends

on commuting costs, the traffic network, and the relative attractiveness of the CBD. We

summarize our results as follows,

Proposition 3. When a city adopts a polycentric configuration instead of a monocen-

tric configuration, transport-related pollution falls and social welfare rises, provided that

travel speed and/or the number of roads directly connected to the CBD are sufficiently

high. Without pollution externality, the total number of roads m increases horizontally

and private welfare increases as long as the maximum traveled distance of commuters is

lower than in the monocentric structure.

5 Discussion

5.1 Extending the city vertically

In the model, we have considered the housing floor space per unit of land δ(x) (tallness of

buildings) to be uniformly distributed across the city (δ(x) = 1). Despite this assumption,

population density and land rents are decreasing with distance to jobs as housing demand

is endogenous, in accordance with empirical evidence. However, we do not know whether

our assumption is restrictive when we study the relationship between urban form and

transport-related pollution. We now assume that the housing supply of floor space per

unit of land in residential area around the CBD is given by 1 +∆δ and is higher than the

ones in the residential area around the SBDs i.e., ∆δ > 0. It allows us to capture the fact

that building heights are higher near the CBD because land price is higher (Brueckner,

2011). Skyscrapers are commonly build around the CBD. The equilibrium land rent and

the housing demands around the CBD and the SBDs have a similar form as previously

studied (see Appendix F).

The residential location of the individual who is indifferent between working in the CBD

or in the SBD ẑ is the solution to V0(ẑ) = VP (ẑ) which is equivalent to

ω0(1− τ ẑ) +
1 + ∆δ

4RA

= ωP [1− τ(zP − ẑ)] +
1

4RA

. (1.24)

leading to

ẑ(yP ) =
2(1/µ− 1) + τyP + ∆δ

2RAωP

τ(2/µ+ 1)
, (1.25)

in which ωP = µω0 is inserted and (1.13) in (1.24). When ∆δ = 0, we fall back on the

case studied in the previous section. An increase of the housing supply of floor space in
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the residential area of the CBD (∆δ) leads to expand the size of the CBD. The magnitude

of this effect is low when the opportunity cost of land reaches high values. A higher floor

space per unit of land around the CBD induces a higher price paid per square meter and,

in turn, a larger housing size when the opportunity cost of land RA is unchanged. There-

fore, the CBD attracts more workers.

For more clarity, we focus on the configuration in which the wage rates in the CBD

and the SBDs are equal (µ = 1) so that ẑ = yp
3
+ ∆δ

6τRAω0

. As expected, the size of the CBD

grows when commuting costs decrease and the housing supply of floor space par unit of

land around the CBD increases. We show in Appendix F that the equilibrium borders

when the city is monocentric and polycentric are expressed as follows

yM(∆δ) =
1 + ∆δ

4R2
A

L/m

1 + Γ

and

yP (∆δ) =
1

4R2
A

L/m

1 + Γ/3

3 + ∆δ

3
,

respectively. It is straightforward to check that a polycentric city exists (z[∆δ, yP (∆δ)] <

yP (∆δ)) if and only if Γ > ∆δ (see Appendix F). In addition, when the decentraliza-

tion of jobs is possible, the city limit moves outward when the city becomes polycentric

yP (∆δ) > yM(∆δ) and yP (∆δ)/yM(∆δ) increases with Γ (see Appendix F). Hence, our

main results discussed in the previous section hold as the city border increases with job

decentralization. For the same reasons detailed in Section 3, the effects of a relocation of

jobs farther away from the CBD on commuting distances are ambiguous.

Notice also that, without pollution externality (ζ = 0), the change in private welfare

is still positive when the city becomes polycentric when the wage rate does not vary in

the city (as shown in the previous section). Indeed, we have

VP (ζ = 0)− VM(ζ = 0) = ω0τyM(∆δ)

{
1− z[∆δ, yP (∆δ)]

yM(∆δ)

}
> 0

where z[∆δ, yP (∆δ)] < yM(∆δ) when Γ > ∆δ. As a consequence, the private welfare

increases when the economy shifts from the monocentric to a polycentric structure even

though the housing supply of floor space per unit of land around the CBD increases. In-

deed, the maximum distance traveled by an individual working in the CBD declines when

jobs relocate in the periphery of the city. However, the gain in private welfare is low when

housing supply around the CBD is high. Hence, for the same reasons reported in Section
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3, the effects of jobs decentralization on welfare are ambiguous as the city limit increases.

Hence, the spatial extension of the city remains the critical variable to reduce transport-

related pollution. Improvements in vertical extension of cities without controlling for their

horizontal extension are likely insufficient to reduce transport-related urban pollution.

Even though some empirical evidence suggests that more skyscrapers might be desirable

for achieving more sustainable cities (Larson and Yezer, 2015; Larson et al., 2012),18 there

are some reasons to remain cautious. Compact city policies, by reforming inappropriate

building densities (e.g., building height restrictions, see Bertaud and Brueckner, 2005),

could be a further key priority in order to enable vertical extension (Glaeser, 2011; Suzuki

et al., 2013) but should be coordinated with new infrastructure financing schemes for

copying with increased local demand. Borck (2016) provides a theoretical but deep anal-

ysis of how vertical extension (building skyscrapers) could impact energy uses (coming

from commuting and housing) and GHG emissions in a monocentric city. He shows that

Floor-Area Ratio (FAR) limits can potentially decrease total emissions. On the one hand,

FAR limits (i.e., limits to vertical extension in the inner city) lead to urban sprawl and

therefore to increasing commuting distances (and of GHG emissions). But on the other

hand, it induces increased competition for inner city land and raises housing prices, which

consequently reduces total demand for housing (which decreases GHG emissions stemming

from housing). The total effect of FAR limits is therefore not trivial, and vertical extension

may not be the ultimate solution for promoting more sustainable cities.

5.2 Endogenous wage

In the previous sections, we have assumed that wages in the CBD and subcenters are

exogenous, unlike Fujita and Ogawa (1982) and Lucas and Rossi-Hansberg (2002). We

implicitly consider that wage rate does not adjust to a change in the size of labor markets.

For example, an increase in the size of CBD (ẑ) implies a higher mass of individuals work-

ing in the CBD and could impact the wage rates prevailing in the CBD and subcenters.

We check if our main results hold when wages are endogenous.

We assume that firms produce a homogeneous good and labor is the only production

factor. Our setting can easily be extended to the case of firms producing a differentiated

good under monopolistic competition and using capital. Let Πi be the profit earned by a

18Glaeser (2009) wrote: ”To save the planet, build more skyscrapers”
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firm producing in the CBD if i = 0 and in the SBD if i = s given by

Πi = pQi − ωiTi (1.26)

where p is the output price, Ti is the total amount of time units used by the firm and Qi

is the output size with Qi = AiT
γ
i , Ai ≥ 1 and γ ≤ 1. As in Lucas and Rossi-Hansberg

(2002), we consider that the marginal productivity of labor is non increasing and Ai is

a productivity term that reflects an external effect on production which is specific to

each business district (CBD and subcenters). The externality acts as a multiplier. Firms

locating in the CBD benefits from a more efficient environment that takes the concrete

form of a productivity drop A0 > As = 1. According to Baum-Snow and Pavan (2012),

agglomeration economies arise mainly within the central city even if, due the development

of new information and communication technologies, their scope has spread within the

city. We may then interpret A0 as follows: the stronger the agglomeration economies in

the central city, the higher value of A0.

No wage bargaining. We first consider there is no wage negotiation. Under this con-

figuration, maximizing (2.14) with respect to working time Ti implies the following labor

demand:

pAiγT
γ−1
i = ωi (1.27)

so that Πi = (1 − γ)pAiT
γ
i = (1 − γ)[pAi]

1

1−γ [γ/ω0]
γ

1−γ where we have inserted (1.27) in

(1.26). In equilibrium, Π0 = Πs implies

ω0 = A
1

γ

0 ωs

so that µ = ωs/ω0 = A
−1/γ
0 . Hence, the wedge between the wage rates in the inner city

and in the subcenters depends on the magnitude of agglomeration economies A0 and scale

diseconomies γ. As a result, our results hold except that we have A
−1/γ
0 instead of µ. 19

Wage bargaining. We now consider that firms and workers bargain bilaterally over

the wage rate. Let β ∈ [0, 1] denote the worker’s bargaining power. We assume that

β is common to all matches. The firm and the worker negotiate a wage rate.20 Wages

are determined by bilateral bargaining between employer and each worker separately in

the spirit of Stole and Zwiebel (1996a, 1996b) (and Aumann and Shapley, 1974). The

19Note that labor market clearing yields N0T0 = m
∫ ẑ

0
∆0(x)ℓ0(x)dx where N0 is the number of pro-

ducers in the CBD and T0 = (A0γ/ω0)
1/(1−γ) as well as NsTs =

∫ y

ẑ
∆sℓs(x)dx where Ns is the number

of producers in the SBD and Ts = (γ/ωs)
1/(1−γ). We have T0/Ts = A

−1

γ

0 < 1.
20We consider there is no search cost for finding better matches.
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bargaining solution of Stole and Zwiebel generalizes the Nash solution to a setting with

diminishing returns. Firms and workers bargain over the surplus generated by their em-

ployment relationship. Wages are determined by continuous bargaining between the firm

and its employees. The firm’s outside option is to produce with one fewer worker while the

worker’s outside option is given by her/his reservation utility which equal to the utility

reached by a farmer (denoted vA). The firm bargains individually with its entire work-

force, treating each as marginal. Note that the marginal decision only involves an infinitely

small time unit of labor as working time is a continuous variable. As in Stole and Zwiebel

(1996a, 1996b), the firm pay the same wage rate (per time unit) to all its workers even

though it is individually bargained. Hence, because of symmetry of firms, the wage rate

prevailing in each business district is identical.

The surplus accruing from a successful match is split between the employee and the firm.

The worker’s surplus is equal to ωiℓi(x) + 1/[4R(x)] − vA with i = 0, s, ℓ0(x) = 1 − τx,

and ℓs(x) = 1 − τ |x− zp|. The firm’s surplus is equal to the marginal increase in

the firm’s profit associated with an additional unit of labor time given by ∂Πi/∂Ti =

p∂Qi/∂Ti − ωi − Ti∂ωi/∂Ti with i = 0, s. Then, we solve the usual Nash-sharing rule

β

(
p
∂Qi

∂Ti

− ωi − Ti
∂ωi

∂Ti

)
= (1− β)

[
ωiℓi(x) +

1

4R(x)
− vA

]
(1.28)

where β is the index of the bargaining power of workers or, equivalently,

ωi =
(1− β)

ℓi(x) + β[1− ℓi(x)]

[
vA − 1

4R(x)

]
+

β

ℓi(x) + β[1− ℓi(x)]

(
∂Πi

∂Ti

− Ti
∂ωi

∂Ti

)

The wage is a weighted average of two terms. The first term is the contribution of the

outside option of the worker and land rents to his wage. As expected, higher prices of

land imply higher wage rates. The second term is the contribution of working labor of a

worker to the profit of the firm, taking into account that if the worker quits job, this also

influence the wage rate of other employees of the firm. This equation shows that the wage

negotiated depends on employment Ti, chosen before the wage.

As Stole and Zwiebel show, the solution to this differential equation (1.28) is the general-

ized Shapley value. Since we have ωiℓi(x)+[4R(x)]−1 = ωiℓi(ẑ)+[4R(ẑ)]−1 in equilibrium,

regardless of the residential location of workers hired by a firm set up in the CBD, the

solution to the differential equation (1.28) is given by

ωi =
(1− β)

ℓi(ẑ) + β[1− ℓi(ẑ)]

[
vA − 1

4R(ẑ)

]
+

γβ

1− β + βγ

pAiT
γ
i

Ti

. (1.29)
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Note also that our wage equation takes a similar form as in other papers using the Stole–

Zwiebel framework, such as Acemoglu and Hawkins (2014), Cahuc et al., (2008) and Elsby

and Michaels (2013). Unlike those authors, we consider land rents and commuting costs

in the wage equation. Using (1.29), the profit of firm reaches

Π∗
i = pAiT

γ
i

1− β

1− β + βγ
− (1− β)

ℓi(ẑ) + β[1− ℓi(ẑ)]

[
vA − 1

4R(ẑ)

]
Ti

Labor demand T ∗
i is such ∂Π∗

i [ωi(Ti)]/∂Ti = 0. Inserting T ∗
i in (1.29) yields

ω∗
i =

1

ℓi(ẑ) + β[1− ℓi(ẑ)]

[
vA − 1

4R(ẑ)

]

so that

µ∗ =
ω∗
s

ω∗
0

=
1− (1− β)τ ẑ

1− (1− β)τ(y − ẑ)/2

with µ∗ < 1 as long as z > y/3 and ∂µ∗/∂ẑ < 0 and ∂µ∗/∂τ > 0. A higher share of workers

working in the CBD (higher ẑ) increases the relative wage rate in the CBD. According to

(14), ẑ decreases with µ. Under endogenous wages, µ increases with ẑ so that relationship

between ẑ and µ remains negative. In addition, higher commuting costs raise the relative

wage rate in the SBD making the city polycentric more likely. Hence, even if wages react

to a change in urban form, our main results hold.

5.3 Role of modal choice and congestion

Our model assumes that the utility function depends on a negative externality E in which

the carbon emission per unit of distance ǫ does not vary. As a result, we leave aside the

role of population density in carbon dioxide emissions generated by the level of traffic con-

gestion and the commuting mode (Grote et al., 2016; Barth and Boriboonsomsin, 2008).

For example, the impact of modal choices on carbon emissions in cities can be substantial,

as the use of private cars is the major source of energy consumption, given that private

cars are the most widespread mode choice among inhabitants living in low-density ur-

ban areas (Breheny, 1995; Rode et al., 2014). In particular, higher urban density yields

lower levels of car use and more efficient public transportation systems. Therefore, public

policies aiming at promoting bigger secondary business districts may conflict with the ob-

jective of lower emissions within the city, as a larger CBD provides a denser and a more

energy-efficient public transportation system.

Further, our framework disregards carbon emissions stemming from travel speed. We

have assumed that travel speed does not vary within the city (our model captures only
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an average speed). The travel speed in a site depends on traffic congestion within it, i.e.,

on the number of commuters using the same road simultaneously. The high density of

vehicles in a site forces users to reduce their average speed, as maximum road capacity

is reached (Small and Verhoef, 2007; Rao and Rao, 2012). Barth and Boriboonsomsin

(2008) highlight a U -shaped relationship between carbon emissions and average speed on

road segments. When road users suffer from hypercongestion near the city center, carbon

emissions are very high because of ”stop and go” driving. Hence, a polycentric city would

be able to reduce these high levels of road congestion in sites close to the CBD by lowering

traffic density near the CBD.

Clearly, additional works are needed to better understand how modal choice and traf-

fic congestion modify the relationship between urban form and social welfare. However,

it is quite obvious that travel speed for road vehicles and the number of roads directly

connected to the CBD still play a key role.

6 Conclusion

There is a wide consensus regarding implementing new spatial organizations of big cities

among politics and urban planners. However, the debate remains complex. Questions

regarding the feasibility and the acceptability of these policies and their efficiency remain

open. Our paper brings several insights about possible urban policies. We have studied

the relationship between urban design, commuting flows, transport-related pollution and

welfare in order to assess whether a polycentric city might be a desirable configuration

from the viewpoints of economic and ecological outcomes. In our framework, job decen-

tralization within big cities has two opposing effects. On the one hand, we have the direct

benefits of the value of induced travel savings for an unchanged residential location. On

the other hand, job decentralization modifies residential choice, as land rents decrease on

average. Indeed, lower land prices shift the demand for housing upward so that the city

border moves outward. As the spatial extension of the city increases, commuting flows and

transport-related emissions grow. These indirect costs may be important and, in realistic

situations, may be considerably larger than the direct benefits, as suggested by empirical

evidence (Veneri, 2010). Hence, a polycentric city is not necessarily the most desirable

urban topology to promote. Actually, close scrutiny must be paid to the interplay between

the housing demand, travel speed, transportation network structure, and urban pollution

stemming from commuting flows. More importantly, the spatial extension of cities remains

a critical variable to curb transport-related urban pollution.
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Our work highlights the need for a cautious approach to implement policies that would

guarantee the sustainable development of a city. This paper also demonstrates the sig-

nificant role of housing demand on urban structure, which could help in evaluating the

efficiency of urban policies. As underlined in Cho and Choi (2014), the desirability of

urban forms remains largely a matter of debate.
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7 Appendix

A. The equilibrium border with a monocentric city. The population constraint

is given by

m

∫ y

0

l(x)dx = L.

Solving (1.9) by using (1.8) leads to

m

∫ y

0

δ

h(x)
dx = L.

Trivial calculations show that

∫ y

0

δ

h(x)
dx =

∫ y

0

4δR2
A

[δ − 4ω0τ(y − x)RA]
2dx =

4δR2
A

4ω0τRA

[ −1

δ − 4ω0τ(y − x)RA

]y

0

=
4δR2

A

4ω0τRA

(
1

δ − 4tyRA

− 1

δ

)
=

4R2
Ay

δ − 4ω0τyRA

.

Using the population constraint and δ = 1, we obtain

yM =
L/m

4RA (RA + ω0τL/m)
.

Accounting for the monetary costs of commuting and δ 6= 1 does not qualitatively

change our results. Indeed, considering t(x) = tx with t > 0 in the budget constraint and

δ 6= 1 leads to

yM(t > 0, δ) =
δ

4RA

L/m

RA + (ω0τ + t)L/m
.

B. Commuting in a monocentric city. The total distance traveled by workers within

the monocentric city is given by

CM = m

∫ yM

0

xl(x)dx.

Inserting l(x) = 1/h(x), (1.8), and (1.10) in CM leads to

CM = m

∫ yM

0

4R2
Ax

[1− 4ω0τ(y − x)RA]
2dx

=
m

4ω2
0τ

2

[
ln (1− 4ω0τRAyM)−1 − 4ω0τRAyM

]

=
m

4ω2
0τ

2

[
ln

(
1 +

ω0τL

mRA

)
− ω0τL

mRA + ω0τL

]
> 0.
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Equivalently, we have

CM =
m

4ω2
0τ

2

[
ln (1 + Γ)− Γ

1 + Γ

]

with

Γ ≡ ω0τL

mRA

.

Trivial calculations show that

sign
dCM

dτ
= sign

[
−(1 + Γ)2 ln (1 + Γ) + Γ +

3

2
Γ2

]
< 0

as the term in brackets is equal to zero when Γ = 0 and decreases when Γ increases. In

addition, we have

sign
dCM

dm
= sign

[
(1 + Γ)2 ln (1 + Γ)− Γ(1 + 2Γ)

]

where the term in brackets is equal to zero when Γ = 0 and is positive when Γ > 0.

C. Change in housing size when the city becomes polycentric. We compare

the demand for housing for a city border y that remains unchanged when the city is

polycentric and monocentric. We show that housing size increases when the city moves

from a monocentric configuration to a polycentric configuration. Using (1.16) and (1.8),

we have

h0(x)− h(x) = ω0τ (y − ẑ) > 0

for all x ∈ [0, ẑ]. In addition, for all x ∈ [ẑ, zP ],

hP (x)− h(x) = ω0τ(y − x)− ωP τ

(
y − ẑ

2
− zP + x

)

= ω0τ(y − x)− ωP τ (x− ẑ)

= ω0τ [y − x(1 + µ) + µẑ] > 0.

Indeed, under this configuration, the maximum value reached by x is zP = (ẑ+ yP )/2.

As a consequence, the minimum value of the term in brackets is positive because

yP − zp(1 + µ) + µẑ = yP − ẑ + yP
2

(1 + µ) + µẑ

= (yP − ẑ)

(
1− µ

2

)
> 0.
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Last, for all x ∈ [zP , y], we obtain

hP (x)− h(x) = ω0τ(yP − x)− ωP τ

(
yP − ẑ

2
− x+ zP

)

= (ω0 − ωP ) τ (yP − x) ≥ 0

D. The city border and commuting flows when the city is polycentric. The

population constraint implies

∫ ẑ

0

1

h0(x)
dx+

∫ yP

ẑ

1

hP (x)
dx =

L

m
.

Because of the symmetry around the SBD, we have

∫ yP

ẑ

1

hP (x)
dx = 2

∫ yP

zP

1

hP (x)
dx,

with hP (x) = 4
[

1
4RA

− ω0τ(yP − x)
]2

when x > zP . Hence, the population constraint is

given by ∫ ẑ(yP )

0

1

h0(x)
dx+ 2

∫ zP (yP )

ẑ(yP )

1

hP (x)
dx =

L

m
,

or, equivalently,

RA

ω0τ

[ −1

1− 4ω0τ(yP − x)RA

]ẑ(yP )

0

+ 2
RA

µω0τ

[
1

1− 4µω0τ [x− ẑ(yP )]RA

]zP (yP )

ẑ(yP )

=
L

m

4R2
Aẑ(yP )

1− 4ω0τ ẑ(yP )RA

+ 2
4 [zP (yP )− ẑ(yP )]R

2
A

1− 4µω0τ [zP (yP )− ẑ(yP )]RA

=
L

m

Using the expression of zP (yP ), we obtain

ẑ(yP )

1− 4ω0τ ẑ(yP )RA

+
yP − ẑ(yP )

1− 2µω0τ [yP − ẑ(yP )]RA

=
1

4R2
A

L

m
.

If z = yP , then yP = yM (we fall back on the monocentric configuration). Hence, equations

(1.15) and (1.21) allow us to determine the equilibrium city limit and the equilibrium size

of the CBD (in terms of jobs). As the population constraint is highly non-linear, the

expression of the equilibrium city border is implicitly defined as follows:

4R2
A(2− 2/µ− τyP )

4RAω0(τyP + 2/µ− 2)− (2/µ+ 1)
+

8R2
A(1/µ− τyP/µ− 1)

4RAω0(τyP + µ− 1)− (2/µ+ 1)
=

τL

m
.
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The total distance traveled by commuters is given by

Cp(µ) = m

[∫ ẑ(µ)

0

x

h0(x)
dx+ 2

∫ yP (µ)

zP (µ)

x− zP (µ)

hP (x)
dx

]
,

where ∫ ẑ(µ)

0

x

h0(x)
dx =

1

4ω2
0τ

2

[
ln (1− 4RAω0τ ẑ(µ))

−1 − 4RAω0τ ẑ(µ)
]

and

∫ yP (µ)

zP (µ)

x− zP (µ)

hP (x)
dx =

1

4µ2ω2
0τ

2

[
ln (1− 2RAµω0τ [yP (µ)− ẑ(µ)])−1 − 2RAµω0τ [yP (µ)− zP (µ)]

]
.

E. A monocentric city versus a polycentric city with ω0 = ωP . If µ = 1, then

ẑ = yP/3 and h0(0) = hP (zP ) = 4
[

1
4RA

− ω0τ
yP
3

]2
so that

CP = 3m

∫ ẑ

0

x

h0(x)
dx.

Standard calculations yield

∫ ẑ

0

x

h∗
0(x)

dx =
1

4ω2
0τ

2

[
ln (1− 4ω0τRAẑ)

−1 − 4ω0τRAẑ
]

=
1

4ω2
0τ

2

[
ln

(
1 +

ω0τL

3mRA

)
− ω0τL/3

mRA + ω0τL/3

]
.

Hence, inserting ẑ = yP/3 leads to

CP =
3m

4ω2
0τ

2

[
ln

(
1 +

ω0τL

3mRA

)
− ω0τL/3

mRA + ω0τL/3

]
.

Notice that CM − CP ≡ ∆C with

∆C =
m

4ω2
0τ

2

[
ln(1 + Γ)− 3 ln

(
1 +

Γ

3

)
− 1

1 + 1/Γ
+

3

1 + 3/Γ

]
,

in which Γ ≡ ω0τL/mRA. It is straightforward to check that ∆C = 0, ∂∆C/∂Γ = 0,and

∂2∆C/∂
2Γ > 0 when Γ = 0 and ∆C → −∞ when Γ → ∞. In addition, we have

∂∆C

∂Γ
=

m

4ω2
0τ

2

2Γ(3− Γ2)

(1 + Γ)2(Γ + 3)2

so that ∆C = 0 has a single solution when Γ > 0, given by ΓC (with ΓC ≃ 3.78). Hence,
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over the interval (0,ΓC), CM > CP where ∆C achieves its maximum value when Γ =
√
3.

Otherwise, CM < CP .

In addition, we have VP − VM ≡ ∆V with

∆V =
1

4RA

[
1

1 + 1/Γ
− 1

1 + 3/Γ

]
+ ζ∆C .

Some standard calculations show that ∆V = 0 when Γ = 0 and ∆V → −∞ when

Γ → ∞, and
∂∆V

∂Γ
=

(3− Γ2)(ω0τ + ζL)

2(1 + Γ)2(Γ + 3)2RAω0τ
,

with ∂∆V /∂Γ > 0 when Γ = 0. As a result, ∆V = 0 has a unique solution over the interval

(0,∞) given by ΓV > ΓC and VP > VM if and only if Γ < ΓV .

F. Housing supply discrepancy within a polycentric city. Land rents and hous-

ing demand. The equilibrium land rent is given by RP (x) = max{Ψ0(x),ΨP (x), RA}
where Ψ0(x)(resp., ΨP (x)) is the bid rent of individuals working in the CBD (resp., SBD).

As ∂V (x)/∂x = 0, the bid rents around the CBD and the SBDs are given by, respectively,

Ψ0(x) =
(1 + ∆δ)RA

1 + ∆δ − 4ω0τ(ẑ − x)RA

and ΨP (x) =
RA

1− 4ωP τ
[
yP−ẑ

2
− |zP − x|

]
RA

.

The bid rents decrease with the distance to the business districts. The demand for housing

of individuals working in the CBD is now given by h0(x) = (1+∆δ)/[4R(x)2]. As a result,

the equilibrium housing demands for individuals working in the CBD and in the SBD are

respectively given by

h0(x) = 4

[
1 + ∆δ

4RA

− ω0τ(ẑ − x)

]2
and hP (x) = 4

[
1

4RA

− ωP τ

(
yP − ẑ

2
− |zP − x|

)]2
.

City limit when the city is monocentric. The population constraint is now

expressed as follows: ∫ yM

0

1 + ∆δ

h0(x)
dx =

L

m

or, equivalently,
4R2

AyM
1 + ∆δ − 4ω0τRAyM

=
L

m
.

leading to

yM(∆δ) =
1 + ∆δ

4R2
A

L/m

1 + Γ

City limit when the city is polycentric. The population constraint is now ex-
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pressed as follows:

∫ ẑ(yP )

0

1 + ∆δ

h0(x)
dx+ 2

∫ zP (yP )

ẑ(yP )

1

hP (x)
dx =

L

m

with ẑ = yP
3
+ ∆δ

6RAω0

when µ = 1 and zP (yP ) = (yp + ẑ)/2. Hence, we have

4R2
Aẑ(yP )

1 + ∆δ − 4ω0τ ẑ(yP )RA

+
4R2

A[yP − ẑ(yP )]

1− 2µω0τ [yP − ẑ(yP )]RA

=
L

m
.

leading to

yp(∆δ) =
1

4R2
A

L/m

1 + Γ/3

(
1 +

∆δ

3

)

so that

ẑ(∆δ) =
1

4R2
A

L/m

1 + Γ/3

1

3

(
1 + ∆δ +

2∆δ

Γ

)

with yP (∆δ)− ẑ(∆δ) > 0 if and only if Γ > ∆δ.

Standard standard calculations reveal that yP (∆δ) > yM(∆δ) as long as Γ > ∆δ and

that
yP (∆δ)

yM(∆δ)
=

1 + Γ

1 + Γ/3

3 + ∆δ

3(1 + ∆δ)

increases with Γ.
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1 Introduction

Urban growth leads to serious traffic congestion in cities worldwide. Emerging economies

need to set up some efficient urban policies for congestion management. In the United

States, Los Angeles was the most congested city in 2016, and commuters lost 104 hours

due to their home-to-work travel (Cookson and Pishue, 2017). In Thailand, commuters

lost 61 hours on average in traffic due to congestion, regardless of the city. Long travel

time delays are also measured in Colombia, Russia and Indonesia according to a recent

study by Cookson and Pishue (2017). To improve travel time reliability, road pricing

policies, such as the cordon toll, have been implemented in cities around the world (Small

and Gómez-Ibáñez, 1997). An urban toll aims to regulate traffic demand within some

urban area or over a portion of a road during certain periods. Since 1975, Singapore has

charged commuters entering the city center a cordon toll to improve traffic flow. Indeed,

traffic demand dropped by 45% between 1975 and 1991 (Santos, 2005).

Including a congestion externality in an urban model may reduce the benefits of ag-

glomeration economies. Firms have incentives to be close to each other, hence generating

increasing returns and agglomeration economies (external and internal). However, gath-

ering firms in either a Central Business District (CBD) or Secondary Business Districts

(SBDs) leads to high land rents at these locations and high commuting costs for workers

(Fujita and Thisse, 2013). Over the long run, high home-to-work costs may induce ad-

justments of job and household locations, which requires close scrutiny. The literature has

studied the impacts of congestion on urban density and land use using standard monocen-

tric city models since the seminal work of Solow (1972). He is one of the few authors that

incorporated both land use for road infrastructure and congestion into an urban economic

model to determine the optimal allocation of land for road infrastructure1. Several studies

have used the standard but empirically questionable monocentric model for convenience

(Anas and Kim, 1996). Land in the CBD can be exclusively allotted to firms (Wheaton,

1998; Brueckner, 2007; Larson and Yezer, 2015) or to mixed use (Anas and Kim, 1996;

Fujita and Ogawa, 1982). Arnott (1979) developed a theoretical model with congestion

without internalizing this externality, unlike Solow (1973, 1972). He extended Solow’s

work on the relationship between private land value and social land value in both residen-

tial and road use. The decision to internalize congestion is at issue, as noted by Arnott’s

works (1979, 2007). As workers respond to a pricing scheme over the long run, complete

internalization of the negative externality imposed on other urban dwellers may not be

efficient when a second market failure exists (Tikoudis et al., 2015).

1Strotz (1965) was the first to study the optimal provision of road facilities using a monocentric model
with congestion.
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Our objective is to understand the evolution of urban congestion and welfare by re-

locating jobs in SBDs. This paper assesses which urban land use regulations and road

pricing schemes improve the welfare of the whole city. Three different taxes on com-

muters are evaluated: a Pigouvian tax, a flat tax and a cordon toll. The urban model is

a polycentric city with two externalities: (i) positive agglomeration economies yielding a

wage premium in the CBD compared to the SBDs and (ii) a negative congestion exter-

nality due to home-to-work commutes. Work and residential places are interdependent

in household location choices.Several authors have examined road pricing schemes effects

using standard monocentric models (Wheaton, 1998; Brueckner, 2007; Tikoudis et al.,

2015), whereas only a few have investigated the same effects in polycentric cities (Zhang

and Kockelman, 2016a). This approach enables us to reflect the tendency of developed

cities (e.g Los Angeles, Paris, Boston) to evolve toward decentralized and non-monocentric

forms. Therefore, we can discuss the efficiency effects and other impacts of urban policies

(e.g., taxes and redistribution) in relation to previous work on the monocentric case. In

addition, the decentralization of jobs within a city may reduce the average commuting

distance and thus reduce traffic congestion for each commuter compared to a monocentric

city. This study has similarities with works by Zhang and Kockelman (2016a, 2016b).

They evaluate different urban policies and measure their impacts on job decentralization,

population density and firm distribution. However, they do not focus on the optimal

allocation of jobs within a polycentric city in relation to road pricing schemes. We pro-

vide analytical solutions regarding the no-toll equilibrium, as well as the optimal and

second-best sizes of SBDs. In addition, our results are not based on simulations.

I find that the Pigouvian tax on commuters is not optimal. This can be explained by

the presence of two market failures in the urban economy: congestion and job misallo-

cation within the city. This tax cannot kill two birds with one stone, namely, reducing

the congestion externality for given workplace locations and yielding the optimal spatial

allocation of firms. Firms do not take the social costs of congestion into account when

they decentralize jobs in the outskirts yielding too large SBDs. In a no-toll equilibrium,

the CBD (the residential area where workers live) is larger than optimal. A large propor-

tion of workers is eager to commute to the city center due to the CBD’s wage premium

compared to the SBDs. The private marginal gain of being closer to the CBD is greater

than the marginal cost incurred by those who already live there.

For a given city size, the Pigouvian tax on commuters makes the CBD too small in a

polycentric city. In other words, the SBD expands and increases the congestion externality

of each road user around the workplace. This second-best policy heavily corrects the

congestion externality because firms do not take the effects of jobs decentralization on

congestion delay into account. This is due to (i) the free location decisions of workers
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and (ii) endogenous workplaces. A flat tax and a cordon toll do not achieve an optimal

location for the SBD. This chapter recaptures the effects of road pricing schemes that

have been demonstrated in the literature on monocentric city. Tikoudis et al. (2015) use

numerical simulations in a different context and include a labor tax in their model with

road pricing schemes to study the tax interaction effects. Their results clarify that a road

toll is necessary and welfare improving when no distortions exist in the labor market.

Tikoudis et al. (2015) and Verhoef (2005) agree that a flat kilometer tax is more efficient

than a cordon toll in a monocentric structure. However, when a polycentric structure

emerges, this result does not hold, as the efficiency of the cordon toll or the flat tax

depends mainly on the wage gap between the business centers before the implementation

of the road pricing scheme. Based on the initial location of the SBD (a SBD that is too

small or too large), a flat tax may be less (resp., more) harmful than a cordon toll.

Related literature . Urban forms and traffic volume in cities with resulting congestion

externalities are treated separately. Adding these features affects firm and household

location choices within a city. Two bodies of literature address both urban and transport

issues. First, the standard urban model (i.e., the monocentric city) has been used since

Solow (1972) to address road land use and traffic congestion. One or more urban policies

were evaluated in the case of one (Arnott, 1979; Wheaton, 1998) or two (Wheaton, 2004;

Tikoudis et al., 2015) externalities in a monocentric city. Wheaton (1998) focused on

urban form evolution when the congestion externality is correctly internalized, examining

the impacts on resident density and transport capacity in a monocentric circular city.

Wheaton (2004) and Arnott (2007) were interested in the interplay between congestion

and agglomeration externalities, and Tikoudis et al. (2015) questioned the impacts of

various second-best road tolls on the labor market and welfare in the long run in order to

observe households’ decisions to adjust their labor supply and commuting distances.

Second, congestion management has been considered more recently for the polycen-

tric city. Anas and Kim (1996) studied the impacts of congestion on urban structure in

a model of a linear, “narrow” city with a link-node road network and households, firms

and shopping centers with endogenous locations. In more recent studies, Anas (2013) and

Zhang and Kockelman (2016a) analyzed the effects of road pricing schemes on workplace

and residential locations as well as on wages, rents, housing prices and land development.

Anas (2013) provided some insights for the city of Chicago, whereas Zhang and Kockelman

(2016b) considered a general equilibrium model including both agglomeration and conges-

tion externalities with labor market and land use patterns. Extension of the analysis of

the impacts of congestion pricing policies on land use, rents and firm locations to a poly-

centric structure is a recent development in urban economics, as illustrated by Zhang and
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Kockelman (2016a). However, the existing literature has not fully addressed the impacts

of road pricing policies on the size of the CBD when two externalities interplay. This

study provides new insights and thus helps enrich knowledge in this stream of literature.

The paper is organized as follows. In section 2, we describe our model’s assumptions.

Then, we briefly focus on road pricing scheme effects in a monocentric model in which

households face congestion costs. In section 4, we present the configuration in which the

polycentric city hosts homogeneous households in the city with a wage gap between the

business centers in order to find the equilibrium and optimal size of SBDs. In section

5, we evaluate the efficiency of the three road pricing schemes in terms of congestion

management and the allocation of jobs. We then perform one simulation with a set of

fixed parameter values to confirm or reverse our analytical results and discuss our results

by extending the model to include two transport modes in particular. Section 8 concludes.
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2 The model

The urban economy designed here builds on the basic model from Denant-Boèmont et

al. (2018) and Cavailhès et al. (2007). Only one closed-form linear city is built with a

fixed population L. While Gaigné et al. (2012) analyzed an urban system and the carbon

footprints of both firms and households in different city structures, this model copes with

congestion and agglomeration externalities within a single city, especially a polycentric

structure. The monocentric city is used to compare our findings with those reported in

the previous literature (Tikoudis et al. 2015; Wheaton, 1998; Arnott, 2007). Locations of

SBDs are determined endogenously in the polycentric city.

2.1 The city

Consider a city endowed with L > 0 homogeneous workers who are free to choose their

residential location and workplace. The city is described by m one-dimensional half-lines

sharing the same initial point x = 0. Firms are located either in the CBD or in an

SBD. Firms do not use land so that households and firms do not compete for land. Both

the CBD and the SBDs are surrounded by residential areas occupied by workers and

transport infrastructure. Distances and locations to the CBD are expressed by the same

variable x measured from 0. Individuals travel only for commuting purposes. They use a

single one-way road that ends at the location of their respective workplace. No wasteful

commuting occurs in equilibrium. Each worker decides to locate as close to her workplace

as possible because spatial mismatches would not maximize her utility. The CBD border

ẑ and the location of the SBD zS along each spoke are determined endogenously (the city

is assumed to be symmetric around the CBD). The supply of housing floor space δ is

constant per unit of distance from the CBD and normalized to 1. At each location x, a

and (1 − a) are the exogenous fractions of land devoted to residential purposes and road

infrastructure, respectively. The job allocation within the city in relation to transport-

related congestion stemming from the flow of commuters is the primary consideration.

Therefore, the parameter a is exogenously given, leading to a particular land use pattern

(Solow and Vickrey, 1971)2. Accordingly, the total housing space available is equal to

may, with city size y representing the radius limit from the CBD.

2The optimal allocation of road facilities has already been discussed in the literature (Strotz, 1965;
Solow, 1973, 1972). I do not focus on the optimal land use allocation of residential and road capacities in
the model, enabling me to disentangle the different effects at work.
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2.2 Households

As a matter of fact, only one class of worker is considered in our model. They earn income

ωi with i = C when they work in the CBD or i = S in a SBD. These households have

the same preferences and the same utility function, which depends on two consumption

goods: land, which is used as a proxy for housing, and the numéraire given by:

U(q, h), (2.1)

where q is the consumption of the numéraire, and h is the consumption of housing floor

space. Housing demand is assumed to be constant and normalized to 1; hence, U(q, h) = q.

As a consequence, the residential density is constant per unit of distance and does not

replicate the widely demonstrated fact that population density is decreasing with the

distance from the CBD (Brueckner, 1987). Thus, the fixed city size y depends only on

exogenous components because our main interest in this study is to observe the rise and

fall of the relative share of jobs in the CBD. In addition, the traditional trade-off between

low/high land rents and long/short journey to work is respected, as in numerous urban

economic models with fixed lot sizes (Lucas and Rossi-Hansberg, 2002; Gaigné et al.,

2016)3. Each household reaches a common utility level Ū within the city in equilibrium.

The time constraint of a worker located at x is given by:

1 = TL + T (x), (2.2)

where TL is the amount of labor time, and T (x) is the commuting time from her residential

location x to the business district’s location zi, with zi = 0 (resp., zi = zS) if her job

is located in the CBD (resp., SBD). Hence, T (x) > 0 is the endogenous time spent

commuting per unit of distance. It depends on the congestion imposed by other travelers

and the transport mode4. The budget constraint of a worker located at x can be written

3Including an endogenous housing demand would increase mechanically the city size while the share
of land use devoted to housing is fixed. When a polycentric structure emerges, the average land rent
decreases as there are new subcenters. Indeed, these subcenters relax the pressure on land rent near the
CBD location. For a given housing size, city limit remains fixed. But, when a monocentric city shifts to
a polycentric city, housing demand adjusts. Each household live further out her workplace because the
average land rent has lowered. To solve the population constraint, the city has to expand. Therefore they
live in larger housing size in a larger city. All things being equal, the size of the CBD increases as well.
As a consequence, the congestion delay would rise for each commuter within the city but this negative
externality slows down the urban sprawl simultaneously. As long as the size of the CBD does not equal y,
each worker will face a lower extra travel time against a monocentric structure. This is also true when the
city size is fixed. Our main objective is to determine the effects of three road pricing schemes disregarding
the long-run changes of the size of the city.

4In this model, time allocated to sleep and leisure is not taken into account. A model with fixed
working times and endogenous leisure time would not qualitatively change our results. A case study with

107



Chapter 2: Efficiency of road pricing schemes with endogenous workplace in polycentric city

as follows:

ωi(1− T (x)) + Ḡ+ R̄ = q +
R(x)

a
h(x) + t0(x) + τk(x), (2.3)

where k = Pigouvian tax, flat tax or cordon toll, t0 represents the total pecuniary costs

of transportation between the workplace and the residence, and R(x) is the land rent at

x. R(x)/a is the price paid by a consumer to reside at x. The transport costs contain

a fixed component t0 reflecting fuel, insurance and average maintenance costs for using a

car. Thus, the pecuniary costs of using a car differ only with the distances traveled by

workers. In the absence of road pricing schemes, no transfer is received by workers (i.e., it

is a competitive market). When a road pricing scheme is implemented, tax revenues and

aggregated land rents ALRj (j = M for a monocentric city and j = S for a polycentric

one) are returned via a lump sum with Ḡ and R̄:

Ḡ =
Gk

L
, (2.4)

and:

Gk = ma

∫ y

0

τk(x)dx,

where Gk is the total amount of tax collected. They receive the second amount given by:

R̄ =
ALRj

L
,

where:

ALRj = m

∫ y

0

R(x)dx (2.5)

is the aggregate land rent at the whole city. This approach is in line with previous work

by Zhang and Kockelman (2016a) and Tikoudis et al. (2015). We implicitly assume that

a benevolent planner levies a tax on off-farm land rents and redistributes it to residents.

Otherwise, households incur a welfare loss due to a change in aggregate land rents when

policies are implemented in this closed-city model (Solow, 1973; Parry and Bento, 2001).

2.3 Congestion costs and transport infrastructure

A stationary-state congestion model is implemented in the urban economic model (see

Small et al., 2007). All workers take a single road to commute. They face no costs

to enter the road, which has no distinctive features such as traffic signals or stops. All

homogeneous users are assumed to drive a car with the same characteristics. They face

a travel time cost that depends on the number of users on the road at any point and the

two transport modes is discussed at the end.
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fraction of land devoted to roads. The road’s length corresponds to the city size y. Travel

time is increasing with the number of commuters on the road. Households commute to

the edge of the CBD and/or of the SBDs according to their residential location. Here,

f(x) denotes the cumulative number of travelers using the single road who live beyond the

distance x. The travel time per unit of distance at the portion x has the following form5:

τ0 + τ1f(x)
β with β = 1 (2.6)

f(x) =





∫ ẑ

x
l

(1−a)
dz, if x < ẑ∫ y

x
l

(1−a)
dz, if x > zS

0, if x = y.

and l =
a

h
(2.7)

The free-flow travel time is equal to τ0, and the second term includes the time delay at

x induced by the cumulative number of road users living beyond x. This means that

the average speed decreases when traffic density increases; namely, there is pure flow

congestion. τ1 is a sensitivity parameter multiplied by the aggregate traffic flow f(x)

arriving at a location x along the road. The magnitude of β is widely discussed in the

literature (Small, 1992; Arnott et al., 2005) but no consensus has emerged. Arnott (2007)

notes that empirical estimates are close to 1.0 when long roads are considered. This travel

time function yields a specific traffic congestion at the segment x. The travel demand of

drivers living before x is not included in this function. Nevertheless, we must consider

the traffic slowdown when they take the road. Furthermore, each commuter living in x

imposes a travel delay on other road users living before and beyond x. In turn, these

road users cause congestion externalities incurred by each commuter living in x. Thus, we

integrate this travel time from the workplace location (the destination) to the trip origin

(the residential place) to consider an aggregate congestion externality. We obtain the total

commuting time of an individual living at distance x, which is expressed as follows:

T (x) =





∫
x

0
[τ0 + τ1

∫ ẑ

x
a

h(1−a)
dz]dx, when 0 < x < ẑ∫

x

zS
[τ0 + τ1

∫ y

x
a

h(1−a)
dz]dx, when zS < x < y

−
∫

x

zS
−[τ0 + τ1

∫ ẑ

x
a

h(1−a)
dz]dx, when ẑ < x < zS.

(2.8)

It allows us to obtain the travel time per unit of distance near the resident’s location. Then,

we can quantify the total travel time to her workplace. Incurred congestion is measured

at x, which leads to a travel delay along a worker’s journey to her business district. As

5see Small et al. (2007), Arnott (2007) and Tikoudis et al. (2015)
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there exists spatial symmetry around the SBD, the second term of the equation can be

used to measure congestion along the road section from ẑ to zS. Then, we insert the total

commuting time (2.8) and the time constraint (2.2) into the budget constraint (2.3) to

obtain the indirect utility of a worker:

VC(x) = ωC − ωC

[
x(τ0 + t0) +

τ1a

h(1− a)
[ẑx− x2

2
]

]
− R(x)h

a
+ τk(x) + Ḡ+ R̄. (2.9)

when she lives in and commutes to the CBD and:

VS(x) = ωS−ωS

[
(x− zS)(τ0 + t0) +

τ1a

h(1− a)
[y(x− zS) +

z2S − x2

2
]

]
−R(x)h

a
+τk(x)+Ḡ+R̄.

(2.10)

when she lives in and commutes to the SBD. Accordingly, in a competitive market frame-

work, the household that places the highest bid obtains housing at x, which is in line

with Alonso (1964) and urban economic models. Households spend their income, net of

the opportunity cost of commuting and the monetary costs of transport, on housing and

a composite good. This allows us to capture a basic trade-off between land rents and

commuting costs.

2.4 Urban toll

We examine three sets of policies in order to tackle the congestion externality caused by

travel demand: a Pigouvian tax, a flat kilometer tax and a cordon toll. As congestion

delays increase the travel time per unit of distance, this externality may be priced in

our model and enter the budget constraint of each household. In the budget constraint,

the component τk(x) reflects the level of tax (τk) each commuter pays during her home-

to-work journey. First, we implement a Pigouvian tax (τk(x) = τP (x)) that prices the

marginal external cost of congestion. A commuter at x imposes travel time delays on

other commuters living before and after her location x. It concerns commuters using the

same road segment towards a common destination. Accordingly, we price this externality

by multiplying the additional travel time per unit of distance by the opportunity cost

of working time
[

ωi

TL+T (x)|x−zi|

]
. The labor supply is inelastic within the city, and each

worker can place a higher bid to move closer to her workplace with this gross value of

time to avoid a travel time delay. The wage rate is divided by the total time endowment
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normalized to 1 uniformly. Hence, the toll is expressed as follows6:

τP (x) =





∫
ẑ

0

[
τ1a

h(1−a)

∫ ẑ

x
ωC dz

]
dx, when 0 < x < ẑ∫

x

ẑ

[
τ1a

h(1−a)

∫ y

x
ωC dz

]
dx, when ẑ < x < y.

(2.11)

This is a location-constrained first-best policy, as workers are free to choose their residential

location according to their bid rent. In addition, this tax does not correct its capitalization

in aggregate land rents. Second, we analyze another second-best policy that aims to

reduce congestion externalities. A flat kilometer tax is levied with no differentiation among

commuters. This tax does not vary over space or time. It is only proportional to the

traveled distance. Each worker commutes to her workplace within the city:

τF (x) = tFx with tF > 0 (2.12)

A cordon toll is then the other road pricing scheme we consider. Commuters living beyond

the location αẑ (0 < α < 1) of the toll are charged, while those living at x < αẑ face no

toll7. The charging function is given by:

τC(x) =

{
c if αẑ ≤ x ≤ ẑ

0, otherwise.
(2.13)

All roads charge tolls to prevent traffic from being reallocated to other roads.

2.5 Wages

In line with the models of Fujita and Ogawa (1982) and Lucas and Rossi-Hansberg (2002),

firms produce a composite good. Their only production factor is labor. Each firm makes

a profit denoted Πi whether it produces in the CBD (i = C) or in a SBD (i = S):

Πi = pqi − ωiTLi (2.14)

6The details of calculations are reported in Appendix B.
7α is purely exogenous in this case and does not represent a location of the cordon, which would

maximize the indirect utility as in Verhoef’s (2005) numerical simulations. We have left aside the debate
about the optimal location of the cordon discussed in the literature (Mun et al., 2005; Verhoef, 2005). Our
main interest is analyzing the pecuniary and job relocation effects due to this pricing scheme. However,
we indirectly find an optimal location of the cordon (αẑO) through the endogenously determined optimal
size of the CBD (ẑO).
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where p is the output price, qi is the output size with qi = AiT
γ
Li, Ai ≥ 1 and γ ≤ 1, and

TLi is the total labor time units8. Ai is a positive agglomeration externality depending

on the business centers (CBD and SBDs). This term affects productivity as a positive

multiplier. Firms clustered in the CBD take advantage of a more efficient environment

that takes concrete form as a productivity drop AC > AS = 19. AC is increasing with

positive agglomeration economies in the CBD. We assume that wages are fixed by firms.

The maximization of (2.14) with respect to labor time TLi implies the following labor

demand:

pAiγT
γ−1
Li = ωi (2.15)

so that Πi = (1 − γ)pAiT
γ
Li = (1 − γ)[pAi]

1

1−γ [γ/ωC ]
γ

1−γ , where we have inserted (2.15)

into (2.14). In equilibrium, ΠC = ΠS leads to:

ωC = A
1

γ

CωS

Hence, µ = ωS/ωC = A
−1/γ
C . As a consequence, the wage gap between business centers

depends on the magnitude of agglomeration economies AC and diseconomies of scale γ.

2.6 Welfare

Finally, we can derive the Welfare that represents the aggregate indirect utility within the

closed city10. The sum of the indirect utilities of tenant workers, the land rent incomes

of absentee landlords are an integral part of this welfare. Under a no-toll equilibrium,

welfare is expressed as follows:

W ∗ =
ma

h

[∫ y

0

ωi (1− T (x)) dx−
∫ y

0

t0xdx

]
− ALRj

+

[
ALRj −m

∫ y

0

RAdx

]
+m

∫ y

0

RAdx

with:

ALRj = m

∫ y

0

R(x)dx

Land rent incomes are the aggregate land rents paid by tenant workers minus agricul-

tural land rents RA redistributed to landlords living outside the city. Finally, agricultural

8We suppose that the marginal productivity of labor is non-increasing in line with Lucas and Rossi-
Hansberg (2002).

9Agglomeration economies exist in CBDs, but thanks to new information and communication tech-
nologies, decentralization of jobs occurs within the city (Baum-Snow and Pavan, 2012).

10The first part of the aggregate welfare is the difference between aggregate incomes and aggregate
congestion, commuting and housing costs in a city (Wheaton, 2004). The second part is the distribution
of rents to absentee landlords.
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landowners benefit from agricultural land rent incomes. The purpose of this chapter is

to analyze the impacts of the road pricing schemes on welfare and on the city structure.

Furthermore, one of the main goals is to determine the conditions under which aggregate

welfare is maximized within the closed city.
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3 The monocentric city

A standard monocentric spatial configuration is used to determine how our policy interven-

tions (i) are capitalized in land rents and (ii) affect welfare. The welfare of the closed city

is evaluated under an unpriced congestion framework and three different tax implementa-

tions (Pigouvian tax, flat tax and cordon toll). Finally, we compare the policies’ impacts.

One single business district (the CBD) gathers all of the city’s jobs. Each worker lives

in the residential areas within the city. The city border y solves the total population

constraint given by:

L = m

∫ y

0

ldx (2.16)

in which l is the population density at each residential location x with l = a/h. Solving

(2.16) by using l = a/h yields the city radius size in equilibrium:

yM =
Lh

ma
(2.17)

when all jobs are located in the CBD (see Appendix A). We observe that the city border

decreases with respect to both the number m of built-up areas and the proportion a

of residential areas at each unit of distance. The city fringe increases with the total

population. Note also that a decrease in housing floor space (δ < 1) per unit of land leads

to urban sprawl. In this closed city, the travel time function τ(x) = τ0 + τ1fM(x) depends

on the cumulative flow of users at x given by:

fM(x) =

{ ∫ yM
x

a
h(1−a)

dz

0 if x = yM

The total commuting time of an individual living at distance x from the CBD is expressed

as follows:

TM(x) =

∫
x

0

[
τ0 + τ1

∫ yM

x

a

h(1− a)
dz

]
dx

leading to:

TM(x) = xτ0 + τ1
a

h(1− a)

[
yMx− x2

2

]
≥ xτ0 (2.18)

The free-flow travel time xτ0 and the congestion delay τ1
a

h(1−a)

[
yMx− x2

2

]
are monotonic

curves (x ≤ yM) and can be represented as follows:
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Figure 2.1: Evolution of the components of the total commuting time function with respect
to the distance to the CBD in a monocentric city configuration.

Note that our congestion delay cost function is increasing at a decreasing rate. The

marginal travel time cost is higher towards the CBD than outwards from the CBD. Ac-

cordingly, the opportunity cost of the commuting time is higher near the city center than

in the outskirts. An individual living near the CBD will have a lower commuting time due

to an infinitesimal move (x − dx) than that of an individual living near the city border.

Living near the border implies high transportation costs. Congestion delay costs increase

with x, but land rents are cheaper in the outskirts. The effect of a on the congestion

externality is unclear. Indeed, when a increases, the city limits shrink, which implies a

decrease in traveled distances. However, the road’s capacity (1 − a) falls, leading to an

ambiguous result for a given population density.

Homogeneous workers choose their living places with respect to their budget constraints.

Housing rents and commuting costs vary with the distance from the CBD. They maximize

their indirect utility. RA is the agricultural value of land at the city limits. In equilibrium,

the bid rent at each location is given by R(x) = max {ΨM(x), RA}. The bid rent Ψ(x)

must solve ∂V (x)/∂x = 0. All households share the same indirect utility. In equilibrium,

the distribution of urban dwellers is such that V (x) = V (y) regardless of x. Hence, there

are no incentives to relocate in a no-toll spatial equilibrium. Then, we plug (2.18) into the

indirect utility using (2.17); hence, we obtain the individual welfare in equilibrium:

VM = ωC − Lh

ma

[
ωCτ0 + t0 +

ωCτ1L

2m(1− a)

]
− RAh

a
(2.19)
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Using (2.18) and indirect utility (2.19), we obtain the bid rent function in equilibrium11:

ΨM(x) =
a [2h(1− a)(ωCτ0 + t0)(yM − x) + ωCτ1a(yM − x)2]

2h2(1− a)
+RA (2.20)

At each unit of distance, the land rent capitalizes the opportunity cost of commuting time,

the monetary transports costs and the external costs imposed on all commuters. The land

rent decreases with respect to the distance x from the CBD. The bid rent equals the agricul-

tural land rent RA when an individual lives at the city border (x = yM). When a increases

marginally, the effects are unclear, as demonstrated for the congestion externality. On the

one hand, land rents are lower due to the greater housing floor space per unit of distance,

but on the other hand, the road’s capacity decreases, leading mechanically to more con-

gestion. Hence, longer congestion delays raise land rents due to the lack of road capacity.

The indirect utility includes income net of pecuniary transport costs (free-flow travel)

and land rents (ωC − yM(ωCτ0+ t0)− RAh
a

). This latter term is called private welfare, as it

represents the consumption of private goods. The second one refers to the congestion ex-

ternality related to the number of commuters on the road and the road’s width
[
ωCτ1ay2M
2h(1−a)

]
.

Standard calculations reveal that the indirect utility is increasing at a decreasing rate with

the number of roads m connected to the CBD, as well as with the total capacity of the

transportation network m(1 − a). Note that a smaller city (i.e., yM diminishes) reduces

the total commuting cost as long as the population density does not adjust. It is clear

that a marginal increase in commuting costs and land rents diminishes utility regardless

of whether the population density or the number of roads m is given. A growing popula-

tion has a negative effect on welfare, as it raises the number of commuters and, therefore,

the opportunity cost of commuting time through a rise in congestion delay costs. Urban

sprawl (i.e., the marginal expansion of yM) diminishes individual welfare as well, since the

maximum traveled distance to the CBD increases.

Welfare and road pricing schemes In a monocentric city, different urban policies

do not affect the total congestion level as we consider individuals that have inelastic

demand for transport. They do not affect welfare because taxes are redistributed, but

they affect each economic agent as a transfer of income12. The no-toll equilibrium is used

as a reference point to discuss our results. Aggregate welfare WM is calculated under each

configuration: (i) the no-toll equilibrium with congestion, (ii) the Pigouvian tax and (iii)

11The rent gradient (i.e., the partial derivative of (2.20) with respect to x) is negative, which is in
line with other monocentric models (Tikoudis et al., 2015; Verhoef, 2005). In equilibrium, there are no
incentives to relocate within the city.

12The calculations are reported in Appendix C.
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the outcome with a flat tax and a cordon toll13. A tax increases welfare within the city, as

the aggregate land rent and toll revenues are returned as a lump sum and remain in the

urban economy. The Pigouvian tax, a flat kilometer tax and a cordon toll yield a same

welfare level as a no-toll equilibrium. For given city limits and housing size, the three road

pricing schemes differ only in their revenue distribution. In the absence of a lump-sum

redistribution of land rents, tenant workers are worse off than in an unpriced congestion

context. Indeed, land rents capitalize both congestion externalities and tax levels, leading

bids rent to rise at all locations as long as the city limits do not change. Landlords would

benefit more from a pricing scheme that yields the highest land value. The second-best

policies yield higher bids rent than those in the no-toll equilibrium at all locations as long

as housing size and city limits remain fixed (Appendix C). With the flat tax, workers who

live at the outskirts pay higher prices due to a longer travel distance than those living

close to the CBD. Accordingly, workers living close to the CBD benefit more from the

revenue return scheme than do those living near the city limits. Thus, they can bid more

to live closer to the CBD, explaining why second-best bids are higher than in equilibrium.

Regarding the cordon toll implementation, households living in the cordon zone face lower

prices given the congestion externality they impose on other road users, while those living

outside the central zone face higher prices. A cordon toll leads bids rent to increase even

in presence of a revenue return scheme. To avoid the toll, households may locate closer to

their workplaces when housing demand adjusts. In conclusion, we can say that congestion

externality pricing does not reduce travel time due to the inelastic demand for commutes.

However, the road pricing schemes differ according to the distribution of the tax burden

and the overall beneficiaries. In the next section, we will analyze how the location of jobs

affects congestion and demand for commuting via a wage differential between CBD and

SBDs within the polycentric city.

13A cordon toll is set at location αyM within the monocentric city before entering the CBD. Only
workers living beyond αyM incur this fixed charge to commute to their workplace.
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4 Decentralization of jobs and welfare

Traffic congestion and road pricing schemes are now analyzed under a polycentric setting.

Jobs are able to relocate in an SBD within the city and wages are fixed. Our main

objective is to understand the evolution of urban congestion and welfare by relocating

jobs and introducing different taxes.

4.1 The polycentric city

A worker deciding to locate close to the CBD earns a gross wage rate ωC above the wage ωS

offered by firms in the SBDs. Each business district is surrounded by road infrastructure

and residential areas. No worker has an incentive to move from her workplace or residence

in the spatial equilibrium. All households live at each location x such that dV (x)/dx = 0.

In this spatial organization, ẑ is the right limit of the area formed by workers commuting

to the CBD (i.e., the left limit of the built-up area constituted by individuals working in

the SBD). The location of SBDs is determined endogenously through the location of ẑ.

Individuals locate around each SBD symmetrically. Hence, the endogenous location of the

SBD zS is the midpoint of the area between ẑ and the city limit y. Therefore:

zS =
y + ẑ

2
(2.21)

Notice that the bids rent at y and ẑ are equal to the opportunity costs of land RA. The

equilibrium border when the city is polycentric reaches14:

y =
Lh

am
(2.22)

The city limits are identical to the monocentric structure when jobs relocate to the SBDs

(y = yM). As housing demand remains fixed, the structural density is the same, and y is

unchanged. When jobs relocate to an SBD, the size of the CBD decreases from yM to ẑ;

hence, workers incur lower transport costs (in terms of both time and money).

Congestion delay and traffic flow. The total commuting time of an individual living

at x between the CBD and the limit ẑ is derived in the same way as in the previous urban

structure. Here, the CBD limit substitutes yM for ẑ. Regarding traffic flows toward the

14The details of these calculations are reported in Appendix D1.
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SBDs, the commuting time between the SBD zS and the border y is expressed as follows:

T (x) =

∫
x

zS

[τ0 + τ1

∫ y

x

a

h(1− a)
dz]dx when x > zS

leading to:

T (x) = (x− zS)τ0 +
τ1a

h(1− a)
[y(x− zS) +

z2S − x2

2
] ≥ (x− zS)τ0 (2.23)

Notice that whether zS rises, the total commuting time to this location decreases because

the CBD limit expands leading to shrinkage of the SBD area. As there is symmetry around

an SBD, a worker living at location x between ẑ and zS or between zS and y incurs the

same travel distance and congestion delay (see equation 2.23). Therefore, the subsequent

analytical properties focus on workers living at the right side of the SBD. Commuters use

one single mode of transport to travel, and they obtain the same level of utility within the

city. A worker living in the area between the CBD and ẑ has no economic incentives to

work in a SBD. No wasteful commuting occurs in equilibrium. Each traffic flow towards

the SBD starts from ẑ and y. This means that congestion costs at these points may

be lower than in the monocentric configuration. Indeed, a commuter incurs a maximum

time delay
τ1ay2M
2h(1−a)

at yM when one single business center exists. Each worker enters a

road where the maximum time delay falls to τ1aẑ2

2h(1−a)
(ẑ < yM). Trivial calculations

show that the congestion externality decreases for each commuter (see Appendix E). The

maximum traveled distance diminishes, and the traffic flow is split between the business

districts. Therefore, for a given density, each worker is better off when firms relocate.

Ceteris paribus, congestion costs will rise for inhabitants working in the CBD regardless

of whether ẑ or y increases. The following proposition summarizes.

Proposition 1. When a share of jobs relocates to a SBD at the edge of a city, the

congestion externality level decreases for each commuter.

SBD Size. As there are two business districts, a wage gap exists between them in ac-

cordance with empirical evidence (see White, 1999; Timothy and Wheaton, 2001). Hence,

we define ωS = µωC
15 with 0 < µ < 1 corresponding to the spread between the two busi-

ness districts. Furthermore, a worker commuting to the SBD may incur a lower transport

cost than one commuting to the CBD. This gives the worker an incentive to work in that

subcenter of the city. The size of the CBD ẑ is determined by an indifference condition.

15µ = A
− 1

γ

C = ωS

ωC
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For a worker living at ẑ, the traveled distance to the workplace is equivalent: she is indif-

ferent between commuting to the CBD and commuting to the SBD, yielding the following

expression:

ωC

[
1− (ẑτ0 +

τ1aẑ
2

2h(1− a)
)

]
−t0ẑ = ωS

[
1− (zS − ẑ)τ0 −

τ1a(zS − ẑ)2

2h(1− a)

]
−t0(zS−ẑ) (2.24)

The size of the CBD ẑ is smaller than the city limits y in this model. Individuals accept

work from firms in SBDs when the gross wage ωS offered is strictly above the CBD’s wage

net of total transport costs (i.e., the opportunity cost of commuting, congestion delays

and pecuniary costs) in a monocentric city. Employers benefit from this relocation of jobs

within a city because they pay lower wages. Workers face shorter commutes and pay lower

land rents. Whatever the gross wage ωC offered by firms in the CBD, the decentralization

of jobs holds for a certain level of ωS. As a consequence, the free market equilibrium yields

a non-linear expression of the CBD border ẑ(µ). For greater clarity, τ0 is assumed to be

equal to zero16. Hence:

ẑ∗(µ) =
−3t0(1− a)− µωCτ1L

2m
+ 2(1− a)

√
∆

ωC(2− µ/2)τ1a
(2.25)

with:

∆ ≡
[
3t0
2

+
µωCτ1L

4m(1− a)

]2
+

ωC(4− µ)τ1L

2m(1− a)

[
ωC(1− µ)ma

L
+

t0
2
+

µωCτ1L

8m(1− a)

]
> 0

in which (2.21) and (2.22) have been inserted. ẑ is implicitly defined by the indifference

condition (2.24). The influence area of the SBD (the number of individuals working in the

SBD) rises with µ and reaches a maximum when µ = 1 (y−ẑ∗(µ)
2

= 2y
3
). The attractiveness

of a peripheral business district depends on the average gross wage observed within this

SBD. Each worker considers her wage net of total transport and residential costs. For a

given city size, a polycentric structure with a prominent business center enables shorter

home-to-work distances and reduces pressure on land rents at and close to the CBD.

Therefore, transport and rent costs decrease for each commuter. Urban traffic is divided

into three flows, and no cross-border commuting between the business districts occurs in

equilibrium. As a consequence, all commuters in the city face fewer congestion delays than

they would in a monocentric one, but they do not benefit from the most efficient travel

time.

The equilibrium land rent at each location is given by: R(x) = max{Ψ0(x),ΨP (x), RA}.
16Calculations for ẑ(µ) without this assumption are reported in Appendix D2.
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Figure 2.2: Bids rent in equilibrium near each business district and the locations of the
CBD (x = 0) and the SBD (x = zS) within a polycentric city configuration.

Ψ0(x) (resp., ΨP (x)) is the bid rent of individuals working in the CBD (resp., SBD).

∂V (x)/∂x = 0 implies:

Ψ0(x) =
a [2h(1− a)(ωCτ0 + t0)(ẑ

∗(µ)− x) + aωCτ1(ẑ
∗(µ)− x)2]

2h2(1− a)
+RA

and:

ΨP (x) =
a
[
2h(1− a)(ωCτ0 + t0)(

y−ẑ∗(µ)
2

− |zS − x|) + aωCτ1(
y−ẑ∗(µ)

2
− |zS − x|)2

]

2h2(1− a)
+RA

Bids rent decrease with the distance to the business districts (see Figure 2.2). Furthermore,

the bids rent remain identical for all x ∈ [zS, y] when an SBD is created. Consequently,

the average land rent decreases, but the city limits are unchanged when jobs relocate to

the edge of the city.

4.2 Equilibrium allocation and optimal location of jobs

The no-toll equilibrium is used as a reference to compare optimal and equilibrium loca-
tions of the SBD. In equilibrium, the welfare (i.e., the aggregate indirect utilities) of the
polycentric city is expressed as follows:

WS(ẑ
∗) =

ma

h

[
ωC ẑ

∗(1− µ) + µωCy −
(µωCτ0 + t0)

(
y2 − ẑ∗2

)

2
− (ωCτ0 + t0)ẑ

∗2

2
− ωCτ1a

[
4ẑ∗3 + µ(y − ẑ∗)3

]

12h(1− a)

]

Hence, inserting equation (2.25) gives us the welfare in equilibrium (Appendix D3). Notice

that when ẑ∗(µ) = y, the urban economy recaptures the monocentric setting, as y = yM

and WS(µ) = WM . Because the size of the SBD depends on the wage gap between the

business districts, it is crucial to analyze the effects of jobs decentralization on welfare
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according to the level of (µ). Indeed, we have:

WS(ẑ
∗)−WM =

ma

h

[∫ ẑ∗

0

VC dx+ 2

∫ y

zS

VS dx−
∫ yM

0

VM dx

]
+ ALRP − ALRM

Job relocation to a SBD has an ambiguous effect on welfare. The effect depends strongly on

the magnitude of the wage differential between business districts. Note that in equilibrium

without taxation, the welfare of inhabitants working in the CBD improves when the urban

economy shifts from a monocentric to a polycentric configuration. The relationship is more

complex for inhabitants living near the SBD. On the one hand, they face both shorter

travel distances and less congestion. Thus, their opportunity costs of commuting decrease

because their income ωS is smaller than ωC . On the other hand, they pay the same rent

RA, and the difference in individual utility depends strongly on the wage gap. Indeed,

the wage gap is positive for polycentric city’s inhabitants. However, the economic shift

has no incentive if the wage discrepancy offsets the opportunity costs of commuting and

congestion delays. To understand how the wage gap and commuting time costs affect

aggregate welfare, the analysis considers the case where the wage rates observed in the

CBD and the SBDs are equal. Then, we consider a more realistic case where workers

earn a higher hourly wage in the CBD than in the SBDs. For each case, a free market

equilibrium is solved, and aggregate welfare is maximized by a benevolent planner who

sets the optimal size of the SBD.

Specific case with no wage gap between the CBD and the SBDs. First, a simple

way to disentangle the different effects at work is to equalize the wage rates of the business

centers: ωC = ωS(µ = 1). Workers living near the CBD (resp., the SBD) face a maximum

distance equal to ẑ (resp., y−ẑ
2
), and traffic is divided into three flows. Hence, there is lower

congestion on the roads when jobs relocate to an SBD within a closed city. In equilibrium,

inserting µ = 1 into (2.25) leads to ẑ∗ = y
3
, so the free market size of the residential zone

near the SBD is equal to (y − ẑ∗) = 2y
3
. This result is identical to the optimal size of the

left endpoint of the SBD (ẑ∗∗) when welfare is maximized by a benevolent planner17. As

a result, we have:

ẑ∗ = ẑO =
y

3
(2.26)

The free market solution is identical to the optimal location of the CBD limit when the

congestion externality is not internalized, provided that no wage gap exists between the

business districts. Furthermore, it is straightforward to check that welfare in a polycentric

17 ∂WS(ẑ)
∂ẑ = 0 leads to a single maximum for WS(ẑ) when ẑ ∈ [0, y], which reaches ẑO = y

3 . The details
of these calculations are reported in Appendix D4.
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city (WS(ẑ
O)) with an equal wage rate is higher than that in a monocentric setting (WM)

(Appendix D4). It follows that each parameter that marginally increases the population

density (m, a) yields a higher differential in favor of the polycentric city, all things being

equal. The free market equilibrium and optimal solution of ẑ yield similar welfare, which

is better than that for the monocentric city. Note that welfare in a polycentric city is

decreasing when y
3
< ẑ ≤ y18. In other words, welfare is increasing as the size of the CBD

decreases in favor of the SBD until ẑ reaches y
3
.

Proposition 2. Assume that there is no wage gap (AC = 1) and that welfare in equilib-

rium is maximized when ẑ∗ = y
3
when a share of firms relocates to an SBD. In this case,

the free market size is equal to the optimal size.

Proof. See Appendix D4.

As a consequence, jobs relocation within a closed city makes workers better off than

they would be in a monocentric city. It is straightforward to check that ∆W > 0:

∆W ≡ WS(ẑ)−WM =
mωCτ

2
1a

2(y − ẑ)(y + ẑ)2

4h2(1− a)
> 0 (2.27)

For all ẑ < y, the polycentric city is welfare improving, since the maximum distance for

home-to-work commutes is shorter than yM
19. In addition, workers incur a lower level of

congestion for each commuting trip when the city size y is unchanged. Thus, the efficient

commuting pattern (the minimum home-to-work distance) is achieved when ωC = ωS in

comparison with the monocentric pattern20.

General case with positive agglomeration externalities. We now return to the

case where ωS = µωC with (0 < µ < 1). The expression of the free market CBD limit ẑ∗

is highly non-linear and implicitly defined by the indifference condition for a worker living

18We have WS(ẑ = 0) > WS(ẑ = y)) and ∂WS

∂ẑ

∣∣
ẑ=0

> 0 > ∂WS

∂ẑ

∣∣
ẑ=y

. In addition, ∂WS(ẑ)
∂ẑ has a single

extremum when ẑ ∈ [0, y], which is a maximum.
19Note that when no CBD exists (i.e., ẑ = 0), the SBD is located in the middle of the total residential

area (i.e.,y2 ), as our model is symmetric around the CBD located at x = 0. This case is a duocentric city
where welfare is higher than in a monocentric city, even when the location of the left endpoint of the SBD
does not yield an equilibrium or optimal solution. A particular polycentric pattern leads to the same

level of welfare when ẑ = y
√
5−1
2 over [0, y]. However, traffic is split into two flows, which insufficiently

decreases the congestion delay for each commuter. Indeed, only one solution assures that each commuter
can minimize her extra travel time (see Proposition 2).

20Note that the city is divided into three equal parts when ωC = ωS with ẑ = y
3 , and the SBD’s size

(y − ẑ) equals 2y
3 .
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at an equidistant point between the two business centers. ẑ∗ is expressed as follows:

ωC

[
1− ẑτ0 −

τ1aẑ
2

2h(1− a)

]
− t0ẑ = ωS

[
1− (y − zS)τ0 −

τ1a(y − zS)
2

2h(1− a)

]
− t0(y − zS)(2.28)

The size of the residential zone from which workers commute to the SBD (y− ẑ∗) depends

mainly on the wage gap between the business centers. A wage rate growth in the CBD

leads to its expansion at the expense of the size of the SBDs. Standard calculations show

that the CBD’s size is smaller with free-flow travel time τ0, under the three congestion

pricing schemes and when the border y decreases. Workers favor commuting to the SBD

when the free-flow travel speed 1/τ0 diminishes. Similarly, the CBD’s size decreases when

the slope (τ1) of the congestion curve increases (see Appendix D6 for the details of the

calculations). When the available floor space (δ > 1) per land unit grows, the CBD’s size

ẑ∗ diminishes, and y decreases with the fraction of residential area a. Conversely, city size

grows when the lot size h increases. Note that a marginal increase in a leads to a more

compact city but lowers the road’s capacity, yielding higher congestion delay costs for a

given population density.

The determination of an optimal solution by a benevolent planner considers the maxi-

mization of aggregate welfare so that ∂WS(ẑ)
∂ẑ

= 0 yields a non-linear ẑO (see Appendix

D7). In this case, the optimal solution and the free market equilibrium are not similar.

When µ = 1, we revert to the previous case where the optimal and free market sizes are

equal (ẑO = ẑ∗). Then, we determine whether the free market size of the area where

individuals live near the CBD is too small or too large.Welfare in the polycentric city can

be written as follows21:

WS =
ma

h

[∫ ẑ

0

VC dx+ 2

∫ y

zS

VS dx

]
+ ALRP (2.29)

At the optimum, ∂WS

∂ẑ

∣∣
ẑ=ẑO

= 0 because welfare has reached its maximum. Furthermore,

welfare WS is a concave curve on the interval [0, y] since ∂2WS

∂2ẑ
< 0 (see Figure 2.3 and

Appendix D6).

Hence, to find the location of the CBD limit in equilibrium relative to the optimum, we

derive welfare with respect to ẑ conditional on ẑ = ẑ∗:

∂WS

∂ẑ

∣∣∣∣
ẑ=ẑ∗

=

[
ma

h

(
(y − ẑ∗)

∂VS

∂ẑ
+ ẑ∗

∂VC

∂ẑ

)
+

∂ALRP

∂ẑ

∣∣∣∣
ẑ=ẑ∗

]
< 0 (2.30)

21When we derive WS with respect to ẑ, there are no price effect at the aggregate level since all land
rents paid by tenant workers are received by absentee landlords.
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Figure 2.3: The evolution of welfare with respect to ẑ within a polycentric city configura-
tion (from the CBD x = 0 to the city limits y).

As a result, the free market size of the CBD is greater than optimal. In other words,

the free market SBD area is smaller than the optimum under positive agglomeration

and congestion externalities22. The intuition is as follows. When the decentralization of

jobs occurs, land rents and congestion delays decrease, on average, as a share of workers

relocates closer to the new SBD. As a consequence, workers who earned wage rate ωC have

an incentive to remain in the residential zone close to the CBD because their net wage

has increased. Then, for a marginal increase of ẑ, the total commuting time for a worker

living near the limit of the residential zone is similar when she moves from x to x+ dx23.

Hence, with a higher wage rate offered in the CBD, most inhabitants commute to the CBD

instead of the SBD without taking into account the marginal social costs they impose on

other commuters. Accordingly, the size of residential zone near the CBD is larger than

the optimum. Regarding the optimal size, it is straightforward to check that y
3
< ẑO < ẑ∗

as:
∂WS

∂ẑ

∣∣∣∣
ẑ= y

3

> 0 (2.31)

Briefly, the optimal size of the CBD is larger than ẑ = y
3
and smaller than ẑ∗.

Proposition 3. A free market equilibrium yields a CBD that is too large when there

is a market failure and a positive agglomeration externality.

Proof See Appendix D6.

22Note that we have ∂WS

∂ẑ

∣∣
ẑ=ẑ∗

= 0 when there are no market failures in our urban model. The size of
the CBD in equilibrium is identical to the optimum.

23In our previous calculations, note that ẑ∗ is larger than (y − ẑ∗), and for a longer distance traveled
between the CBD and ẑ∗, workers experience a marginal negative effect on their indirect utility, which
has a larger magnitude than the positive effect experienced by those working in the small SBD. Hence,
ẑ∗ ∂VC

∂ẑ > (y − ẑ∗)∂WS

∂ẑ .
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In the next section, we focus on the spatial and economic impacts of internalizing the

external costs of congestion according to three different road pricing schemes. We evaluate

their efficiency by comparing the tax-induced size of the CBD and the optimal CBD size.

5 Polycentric city and road pricing schemes

The free market equilibrium under a wage gap yields an inefficient outcome for a polycen-

tric city. Here, our objective is to achieve the optimally sized SBD or to bring ẑ closer to

that optimal size. Three road pricing schemes are evaluated separately. Each worker pays

a tax that affects her income, internalizing the congestion externality imposed on other

road users. The tax τk(x) is inserted into the budget constraint of each household, as well

as into the revenue return scheme and aggregate land rent redistributions, leading to the

following individual welfare:

VS(x) = ωi(1− T (x))− τk(x) + ḠS +
ALRP

L
− R(x)h

a
− t0x with i ∈ [C, S] (2.32)

Land rent is given by R(x) = max{Ψ0(x),ΨP (x), RA}. Ψ0(x) (resp., ΨP (x)) is the bid

rent of individuals working in the CBD (resp., SBD). ∂V (x)/∂x = 0 implies that:

Ψ0(x) =
a [2h(1− a) [(ωCτ0 + t0)(ẑ − x) + τk(ẑ)− τk(x)] + aωCτ1(ẑ − x)2]

2h2(1− a)
+RA,

and:

ΨP (x) =
a
[
2h(1− a)

[
(ωSτ0 + t0)(

y−ẑ
2 − |zS − x|) + τk(y)− τk(|zS − x|)

]
+ aωSτ1(

y−ẑ
2 − |zS − x|)2

]

2h2(1− a)
+RA

Note that each pricing scheme affects the endogenous CBD size ẑ, which is recalculated

to fit the model. Welfare in the polycentric city with taxes can now be defined as follows:

WS =
ma

h

[∫ ẑ

0

VC dx+ 2

∫ y

zS

VS dx

]
+Gk

+

[
ALRP −m

∫ y

0

RAdx

]
+m

∫ y

0

RAdx

Each commuter pays a charge for using her car but benefits from the redistribution of

tax revenues and aggregate land rents, since road pricing schemes are capitalized in land

rents. Absentee and agricultural landlords continue to receive their revenues. The impacts

of these second-best pricing schemes are examined and the results presented.
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The Pigouvian tax First, a Pigouvian tax is implemented as a location-constrained

first-best policy24. Indeed, a benevolent planner decides to fix the location of the SBDs

in optimum while we implement this tax when ẑ is determined endogenously. This tax

must adjust to correctly internalize the behavior of workers who are free to choose their

residential locations. A priori, these free decisions would prevent this road pricing scheme

from achieving the optimum. Each road user is priced at the exact marginal social cost she

imposes on others for a given location and a given workplace. The toll level is expressed

as follows:

τP (x) =

{ ∫ x

0
ωCτ1a
h(1−a)

(ẑ − x), when 0 < x ≤ ẑ∫ x

zS

ωSτ1a
h(1−a)

(y − x), when zS < x ≤ y
(2.33)

Hence, the tax level for a commuter living in x and commuting to the CBD is ωCτ1a
h(1−a)

[ẑx−
x2/2]. Between ẑ and zS, urban dwellers pay the same tax as those living between zS and

y because jobs located in zS are in the middle of the residential area. Hence, using the

tax level in the indifference condition for the location of the CBD limit ẑ yields25:

ωC

[
1− ẑτ0 −

τ1aẑ
2

h(1− a)

]
− t0ẑ = ωS

[
1− (

y − ẑ

2
)τ0 −

τ1a(
y−ẑ
2
)2

h(1− a)

]
− t0(

y − ẑ

2
) (2.34)

Then, we have the following welfare level:

WP (τP ) =
ma

h

[∫ ẑ

0

ωC [1− T (x)]− t0(x)dx+ 2

∫ y

zS

ωS [1− T (x)]− t0(x− zS)dx

]

To find the location of the CBD limit ẑP , we derive (2.26) with respect to ẑ knowing that

ẑ = ẑP , leading to:

∂WS

∂ẑ

∣∣∣∣
ẑ=ẑP

=
ma

h

[
(ωSτ0 + t0)(

3ẑ − y

2
)

]
> 0, (2.35)

as ẑ > y
3
. Hence, the Pigouvian tax fails to clear the market due to the free location

decisions of workers26. They earn higher wages in the CBD, yielding an equilibrium CBD

size that is too large to correctly manage traffic congestion. Including an extra marginal

external cost reduces their net wage. They relocate near the SBD, overweighting the

marginal loss of remaining near the CBD. As a consequence, the limit of the residential

area from which inhabitants commute to the CBD is lower than the optimal location ẑO.

24A first-best policy would fix the residential location of each household and the location of the SBD
simultaneously.

25see Appendix F1 for details of calculations.
26There is no reason why ẑ should be lower that or equal to y

3 . When this Pigouvian tax is implemented,
there is only one solution yielding ẑ = y

3 , namely, when AC = 1.
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The CBD limit under this kind of tax is lower than both the equilibrium and the optimal

location. The hierarchy is as follows:

ẑP < ẑO < ẑ∗ (2.36)

As a result, a location-constrained first-best policy excessively internalizes the congestion

externality by encouraging SBD overextension within the polycentric city.

Proposition 4. A Pigouvian tax fails to reach the optimum, yielding a CBD that

is too small when there is a market failure and a positive agglomeration externality.

Proof See Appendix F .

The flat tax The following toll is imposed simultaneously on each driver and depends

only on the traveled distance:

τF (x) = tFx (2.37)

The CBD limit ẑ is now implicitly defined by the following expression including the flat

tax incurred by each individual:

ωC

[
1− ẑτ0 −

τ1aẑ
2

2h(1− a)

]
−(t0+tF )ẑ = ωS

[
1− (

y − ẑ

2
)τ0 −

τ1a(
y−ẑ
2
)2

2h(1− a)

]
−(t0+tF )(

y − ẑ

2
)

All commuters face the same tax; hence, workers living near the left endpoint of the SBD

may be underpriced and those living near the SBD or the CBD may be overpriced. In

addition, workers benefit from the revenue return scheme and receive the same lump-sum

payment from the collected taxes. At the aggregate level, we have the following welfare:

WF (τF ) =
ma

h

[∫ ẑ

0

ωC [1− T (x)]− t0(x)dx+ 2

∫ y

zS

ωS [1− T (x)]− t0(x− zS)dx

]

Deriving WS with respect to ẑ conditional on ẑ = ẑF to find the location of ẑF yields:

∂WS

∂ẑ

∣∣∣∣
ẑ=ẑF

≶ 0 (2.38)

Thus, the location of the CBD limit when each commuter pays a flat tax could be greater

or lower than the optimal location of ẑO. The location depends mainly on the wage gap

between the business centers before the implementation of the flat tax. As a consequence,

the size of the SBD matters, but the optimum will never be achieved unless the wage rates
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are equal in both business centers.

The cordon toll A cordon toll is set at location αẑ within the CBD area where some

inhabitants work. Each commuter living between αẑ and ẑ pays a fixed fee to pass the

cordon. Workers living inside the cordon are not charged; therefore, they do not pay for the

congestion externality they impose on other commuters. The fixed fee to enter the cordon

is captured in the rents of those living near the CBD. Hence, there exists a discontinuity

in the rent bid at the tollgate location. Moreover, inhabitants living in the SBD area do

not pay road taxes and benefit from both tax and aggregate land rent redistribution. The

CBD limit is implicitly defined by the following expression:

ωC

[
1− ẑτ0 −

τ1aẑ
2

2h(1− a)

]
− t0ẑ − c = ωS

[
1− (

y − ẑ

2
)τ0 −

τ1a(
y−ẑ
2
)2

2h(1− a)

]
− t0(

y − ẑ

2
)

A priori, in this case, the implementation of a cordon toll induces a decrease in the CBD

size due to the fee incurred by a few workers living between αẑCT and ẑCT . Commuters

living near the cordon will relocate closer to the SBD until it becomes more expensive

than living close to the CBD. The welfare function WCT (τCT ) is expressed as follows27:

WCT (τCT ) =
ma

h

[∫ ẑ

0

ωC [1− T (x)]− t0(x)dx+ 2

∫ y

zS

ωS [1− T (x)]− t0(x− zS)dx

]

Deriving WS with respect to ẑ conditional on ẑ = ẑCT to find the location of ẑCT yields:

∂WS

∂ẑ

∣∣∣∣
ẑ=ẑCT

=
ma

h

[
c+ (ωSτ0 + t0)(

3ẑ − y

2
) +

ωSτ1a(y − ẑ)2

8h(1− a)

]
≶ 0 (2.39)

As a result, the cordon toll does not achieve the optimal location of the SBD. The loca-

tion of the CBD limit may be lower or greater than the optimal location according to the

initial wage gap between the subcenters and the transport costs incurred by individuals

(see Appendix F3). Since the location of the cordon is exogenous, the fixed fee (c) may be

too small or too high as well. Indeed, a fee that overprices commuters yield a small CBD

and a fee that underprices them leads to a too large CBD. It is straightforward that an

increase in the available land for housing lowers the road capacity leading to a small CBD.

Conversely, an increase in the lot size spreads out the CBD for a given road capacity.

Proposition 5. The flat tax and the cordon toll do not perform better than the Pigouvian

tax. They yield a CBD that is either too low or too large depending on initial wage gap

27The details of the calculations are reported in Appendix F3.
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between the business districts and the amount of the respective pricing scheme.

Proof See Appendix F .

Finally, we need to compare the results of the policies with the help of numerical simula-

tions because it is difficult to find convenient analytical solutions.
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6 Comparisons between road pricing schemes

This section simulates a closed city with a fixed limit y = 2, where the total population is

fixed at L = 2 and the agricultural land rent is RA = 1
4
for a given wage gap 1

µ
= 2. This

wage gap is chosen since the polycentric city exists under that condition for all case studies.

Table 1 shows the different parameter values used for the scenario28. Parameter calibration

is in accordance with the transport costs hierarchy used in other numerical simulations in

the literature (Tikoudis et al., 2015; Zhang and Kockelman, 2016a) (i.e., τ0 > τ1).

Table 2.1: Calibrated parameters

L RA m h δ a τ0 τ1 t0 ωS
1
µ

2 1
4

2 1 1 0.5 1
5

1
6

0 2 2

The following parts present the results of simulations conducted for the polycentric city.

The numerical settings here guarantee that all individuals benefit from the same amount

of toll and rent revenues and share the same indirect utility V̄ at all locations under each

road pricing scheme.

CBD limit Analytically, this model has demonstrated that a small increase in the wage

gap between the CBD and the SBD expands the CBD’s area, as measured by ẑ, in equilib-

rium. However, the simulations show that the CBD limit under each road pricing scheme

is always lower than in equilibrium without taxation. Therefore, they never reach the ẑO

where welfare reaches an extremum. Land use patterns are affected by second-best policies

when each business center offers different wage rates. The endogenous left endpoint of the

SBD has changed under a Pigouvian tax (PT), a flat tax (F) and a cordon toll(C). For any
1
µ
> 1, the polycentric city becomes monocentric, reaching the level 1

µ
with second-best

pricing policies, except for the Pigouvian tax. In this case, the polycentric city always

exists even if the CBD is the most attractive workplace. When 1
µ
approaches infinity, the

CBD’s size reaches a limit lower than y in the simulations. With a flat tax and a cordon

toll, a polycentric city prevails provided that 1
µ
is lower than approximately 4.31 and 4.03,

respectively.

Table 2.2: Simulated results of CBD size within a polycentric city according to each road
pricing scheme. (1/µ = 2).

No toll Optimum τP τF τCT

CBD’s size, ẑ 1.577 1.467 1.305 1.489 1.506

28The calibration of all parameters is consistent with the analytical model such that indirect utilities
and aggregate welfare are strictly positive.
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In other terms, a subcenter no longer has economic interests, as the gross wage offered ωS

is almost 5 times smaller than ωC under a flat tax. Internalizing the congestion externality

at any given location mitigates the desirability of traveling to a unique business center.

In a way, these findings are in accordance with the non-monocentric model of Zhang and

Kockelman (2016b), although our model does not consider endogenous city size. Con-

gestion costs yield higher land rents near the CBD, as each worker wants to reduce her

commuting costs (Solow, 1972; Wheaton, 1998). When jobs relocate endogenously, land

rents diminish near the CBD. However, marginal congestion pricing for each commuter

strengthens their willingness to pay the higher land rents associated with a wage gap

between the two business centers. Finally, the optimal size of the residential area for

individuals commuting to the CBD is never reached by these road pricing schemes. For
1
µ
= 2, a Pigouvian tax leads to a CBD limit lower than the optimum, and vice versa

for the cordon toll and flat tax. Note that we consider each worker priced at her exact

marginal cost under the Pigouvian tax. The flat tax and the fixed fee to pass through the

cordon are similar (τF = c = 0.148). This amount of tax represents the marginal cost that

pays a worker living at y
3
. The CBD limit under Pigouvian taxation is always lower than

the optimal location, as demonstrated analytically.

6.1 Efficiency of the three road pricing schemes in the polycen-

tric city

This part examines the welfare and land use effects of second-best policies, comparing them

to the no-toll equilibrium within a polycentric city. First, the implementation of three

different instruments is investigated when there is a wage gap between the CBD and the

SBDs. Table 2 illustrates relevant characteristics of the no-toll equilibrium, Pigouvian tax,

flat tax and cordon toll with equivalent tax rates, except for the location-constrained first-

best policy. A welfare improvement at an aggregate level is significant under the second-

best instruments mainly due to the redistribution of both tax and land rent revenues.

Under a Pigouvian tax, the welfare level increases from 5.267 to 5.630, that is, 2% higher

than the welfare of the no-toll equilibrium. Indeed, the toll and the aggregate land rents

are returned as lump sums to each worker who does not own their housing. When the

congestion externality is internalized at each given location, the total travel costs (in terms

of time and money) falls from 2.091 to 1.611 for a worker living in ẑ and working in the

CBD. Total welfare covers all inhabitants, landowners, agricultural landlords and makes

them better off with second-best instruments compared to the no-toll equilibrium. Indeed,
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Table 2.3: Simulated results of policy instruments within a polycentric city. (1/µ = 2).

No toll Optimum τP τF τCT

City limit, y 2.00 2.00 2.00 2.00 2.00
Total travel time costs at ẑ 2.091 1.89 1.611 1.930 1.960
Total travel congestion costs at ẑ 0.00 0.72 0.567 0.148 0.148
Welfare, WP (ẑ) 5.267 5.34 5.37 5.33 5.32

Percentage change
against no-toll equilibrium
City limits (%) 0 0 0 0
Total travel time costs (%) −9.6 −22.9 −7.70 −6.26
Welfare (%) 2.00 2.00 1.20 1.00

regarding a flat tax and a cordon toll, welfare is higher by 1.20% and 1.00%, respectively,

for a worker. A Pigouvian tax and the optimum lead to an increase in the welfare level of

2%. The CBD area where workers live is too small under the Pigouvian tax. That is why

households living in ẑ benefit from the shortest maximum traveled distance between the

CBD and their residence.

Travel demand is unaffected, as each worker must commute every day. The rent bids

capitalize the tax effects, increasing strongly near each business center. For a given city

limit, aggregate welfare is maximized when the CBD limit ẑ = ẑO, and the numerical

simulations demonstrate that this size is not achieved with a location-constrained first-

best policy where congestion is priced and taxes and land rents are returned as lump sums

to workers with a wage gap between the business centers (2.2). When 1
µ
= 2, aggregate

welfare is compared across road pricing schemes, which yields:

∆WPτ =





WP (τP ) > WP (τF )

WP (τF ) > WP (τCT )

WP (τP ) > WP (τCT )

(2.40)

With these different instruments internalizing the congestion externality, welfare in the

polycentric city is always above that in the no-toll equilibrium. Workers are better off

under each pricing scheme when they live in a polycentric city until 1
µ
reaches 1

µ
according

to the simulations. Hence, an increasing pecuniary cost of transport through each road

pricing scheme leads to a decrease in the CBD size compared to the equilibrium location,

which is in accordance with the results of Zhang and Kockelman (2016b) for a given wage

gap. The derived analytical solutions are non-linear; hence, the numerical simulations
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help us to confirm that ẑ∗ is always superior to ẑtoll when 1 < 1
µ
< 1

µ
29. Note that for

two business centers offering the same wage rate, the CBD size ẑ = y/3 is similar under

the no-toll equilibrium, the optimum, Pigouvian taxation, and flat tax schemes. These

results are in accordance with the literature, as any taxation leads to an increase in the

city’s compactness (Zhang and Kockelman, 2016a). Road pricing schemes force workers to

relocate closer to the CBD in accordance with the findings of Anas (2013). A Pigouvian

tax decreases CBD size more than the other pricing schemes. The optimal location of ẑ

is higher than that of ẑP and lower than ẑF and Ĉ according to our simulations.

29The following values have been selected: L = 2, ωS = 2, ωC = 1
µωS ,m = 2, δ = 1, a = 0.5, τ0 = 1

5 , τ1 =
1
6 , h = 1, t0 = 0,.
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7 Discussion

This section addresses the implementation of a mass transit service close to the CBD and

considers the possible impacts on congestion and land rents. The two spatial configurations

are compared according to their welfare, congestion levels and wage rates over the long

run. Finally, the implementation of a parking policy instead of a pricing congestion policy

is discussed.

7.1 Incidence of modal choice on congestion and urban structure

Over 60 million passenger-kms were covered by mass transit in the Ile-de-France region

of France in 2014. This transit activity has grown by more than 30% since 2000 (CGDD,

2016). Therefore, to remain realistic, assume that another mode of transit is introduced in

the city, public transport (bus). This mode uses a transportation infrastructure assumed

to be provided by a public planner (municipal government) at no cost. The market area

of this mass transit mode is between the CBD (x = 0) and xB. As there exists mixed land

use for transport modes, workers prefer using mass transit over their car when they live

close to the CBD (Limtanakool et al., 2006). Furthermore, car ownership levels increase

with the distance from the city center (Dasgupta et al., 1985). Assume that each worker in

this area lives close to a bus stop, so they face no costs of access. Hence, between the CBD

and the outer border of the public transport area xB, the road’s capacity (1−a) is equally

divided between car and bus lanes on the single road. Beyond xB to y, each worker uses

exclusively her car. A mass transit user faces only a commuting time cost that is higher

than the free-flow travel time of car users. This cost depends on the waiting times at bus

stops and the travel time to the destination30. In other words, TB(x) > TA(x) without a

congestion externality, but passengers pay a fare tB, which is lower than average capital

cost t0 of car ownership. To sum up, transport pecuniary costs are given as follows:

tA(x) = t0x and tB(x) = tB (2.41)

A share of the population uses now public transport31, and each car user incurs congestion

linked to the number of commuter on the road between xB and ẑ, as well as reduced road

capacity between the CBD’s edge and xB. Each car user incurs a total commuting time

30Each user faces an exogenous commuting time cost. Waiting times at bus stops depend on the bus
fleet size and on the frequency at which the buses run (Small, 2004).

31Creutzig (2014) sets up a model including public transport close to the CBD and imposes this mode
of travel on the residents living in its market area. We simplify by abstracting from providing public
transit and public transit infrastructure at a cost.
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expressed as follows:

TA(x) =





∫
x

0
[τ0 + 3τ1

∫ x

xB

∫ ẑ

x
l

(1−a)
dz]dx, when 0 < xB < x < ẑ∫

x

zS
[τ0 + τ1

∫ y

x
l

(1−a)
dz]dx, when zS < x < y

(2.42)

Note that the congestion parameter increases due to the decrease in road capacity near

the business center of each worker. The total congestion delay now depends on the size of

the residential area where car users live (i.e., ẑ − xB).

The polycentric city: In a polycentric city in equilibrium, the individual welfare of a

worker is similar at all locations. An individual living between 0 and xB has the following

indirect utility:

V (x)B = ωC(1− TB(x))−
R(x)h

a
− tB (2.43)

Between xB and ẑ:

V (x)A = ωC(1− TA(x))−
RAh

a
− t0x (2.44)

The market size for mass transit is specified by the following indifference condition linked

to the time and pecuniary costs of each mode:

TB(xB) + tB = T (xB) + t0xB (2.45)

Initially, the residential area where workers live and from which they commute to the

CBD is larger than that of the SBD. The introduction of a bus lane on the existing road

infrastructure provides a disincentive for residents living close to the CBD to use their

car. Workers living near the border ẑ will see a rise in their transportation costs (both

pecuniary and time costs). Therefore, the equilibrium size of the CBD will decrease until

the reduction in car users offsets the higher congestion delay in the zone shared with the

bus lane. The size of the SBD will increase; hence, congestion near this business district

will increase. From an economic point of view, the introduction of two transport modes

may reduce the size of the CBD to achieve the optimal size, which has the same effect as

a road pricing scheme32. In the case of a road pricing scheme targeting drivers, (tA(x) =

t0x + τk(x)), the effect would be similar to our results in section 6, namely, a decrease

in the equilibrium size of the CBD and an increase in the number of workers commuting

to the SBD. A second transport mode would reinforce the effects of the different taxes

as second-best policies. The intuition is as follows: when a second mode of transport is

32However, from an environmental point of view, the size of the road network used by drivers does not
necessarily decrease. This is why CO2 emissions may remain equivalent for cities of a given size.
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used without improving the road infrastructure for motorists, they face (i) lower transport

costs (user effect) and (ii) lower road capacity (time cost effect). When the user effect is

marginally predominant, the CBD grows, attracting workers from the SBD until there is

no incentive to relocate. When the time cost effect dominates, CBD size decreases.

Parking policy Urban tolls are designed to restrain travel demand and alleviate conges-

tion within cities. While economists have largely studied the impact of congestion pricing

schemes on land use and traffic patterns, urban tolls have been scarcely implemented

within cities around the world (Brueckner, 2011). In the model, workers are assured that

they can find a parking place at their employment site. Therefore, there is no cruising and

no additional congestion. Arnott (2011) points out that parking policy in cities fails to

take economic analysis into account. Indeed, Shoup (2005) highlights the huge number of

hours lost to cruising for parking in his empirical study. Car parking is a serious issue, as a

large urban space is used, each worker incurs extra travel time, and fees do not differentiate

between peak and off-peak hours (Albert and Mahalel, 2006). When a fixed cost to park is

added to the budget constraint of a worker, her transport costs increase. However, travel

demand is inelastic at x and remains unaffected by parking fees in the model. Therefore,

implementing different road pricing schemes would not change the nature of our previous

results for a given city size and road’s capacity.
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8 Conclusion

This chapter develops and explores economic and land use tools in order to tackle the

congestion externality in monocentric and polycentric settings. For a given city size, the

optimal response is consistent with the development of SBDs, clustering firms that can

offer the same wage rate as in the CBD. With unpriced congestion, this urban structure

minimizes the negative externality incurred by each road user and maximizes welfare

within the city. When the economy in the polycentric city is consistent with empirical

findings, the equilibrium size of the CBD is larger than optimum one. The CBD is more

attractive due to a higher wage rate and a higher wage net of transport costs in comparison

with the monocentric structure for a given city size. Three main results are noteworthy.

First, the implementation of a Pigouvian tax on commuters is only a location-constrained

first-best policy because the optimal location of the SBDs is not achieved. This tax yields

a residential area that is too small and close to a CBD. Welfare is definitely greatest com-

pared with the other road pricing schemes regarding the revenue return schemes. However,

at the aggregate level, this tax does not internalize the decentralization of jobs in SBDs,

preventing it from achieving the optimum. This Pigouvian tax remind us to internalize the

congestion externality that road users impose to each other not only at their residential

location but also during their daily commute to their workplace. We need also to tax firms

that do not internalize effects on congestion when jobs are decentralized.

Second, a flat tax and a cordon toll are second-best policies that do not yield an

optimal location of the SBDs. On the one hand, a flat tax is homogeneous across road

users; hence, they are not distinguished according to the marginal damage they impose

on other commuters. Indeed, workers living near a business center (CBD or SBDs) are

underpriced in relation to the congestion delay they impose on other road users and the

proportionality of the tax with respect to the traveled distances. On the other hand, a

cordon toll clearly differentiates among commuters, similar to the Pigouvian tax, but the

tax burden is asymmetric. The residential area where individuals live and from which

they commute to the CBD is larger than that near the SBDs; hence, the cordon toll is

settled in the former area. Only workers living between the cordon toll location and the

CBD limit pay a fixed fee to commute to the CBD. Simultaneously, individuals living

in other residential areas near the SBDs do not incur higher transport costs because the

marginal congestion delays they impose on other users are much lower than those imposed

by individuals living close to the CBD. To sum up, the efficiency of these road pricing

schemes depends mainly on the wage gap between business centers within the polycentric

city before the implementation of this road pricing scheme33. According to the initial

33Accordingly, the travel time and pecuniary costs incurred by each worker depend on the wage gap,
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location of the SBDs (too small or too large), a flat tax may be less (resp., more) harmful

than a cordon toll.

Finally, we demonstrate that a polycentric city in an unpriced congestion context yields

a suboptimal location of the CBD limit, which is too large compared to the optimal size.

According to the magnitude of the transport costs, the CBD may be too small or too

large. The location is suboptimal since the indifferent worker living at the CBD limit

(the left endpoint of the SBD area) decides to commute to the CBD without taking into

account the marginal benefits obtained by individuals living near a SBD. She does not

take into account the marginal damage costs incurred by road users commuting to the

CBD as well. Conversely, this indifferent worker does not pay attention to the marginal

damage costs incurred by workers living near a SBD when she decides to drive towards

it. In addition, marginal benefits obtained by individuals working in the CBD are not

taken into account as well. Her marginal move due to a change in the wage gap will not

induce large differences in her transport costs (time and money) compared to her previous

location under the suboptimal equilibrium.

Developing subcenters may alleviate the congestion cost for each road user provided

that no distortions exist for the labor or housing markets when congestion is unpriced.

However, we know that a transport improvement yields direct benefits and indirect costs,

as noted by Arnott (1979) in the same context. As long as growth of traffic flows and urban

sprawl costs do not substantially decrease the direct benefits from jobs relocations, urban

planning remains a key policy for addressing urban transport issues compared to pricing

schemes. Indeed, road pricing schemes benefit all landlords regardless of the closed-city

structure. Hence, pricing congestion implies political concerns regarding the redistribution

of tax revenues when negative externality is internalized. In addition, the desirability of

multiple business centers may decrease due to an increase in the average traveled distance;

hence, the congestion externality may worsen when housing size adjusts in the long run.

which determines the size of the influence area of each business center.
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Appendix

A. The equilibrium border with a monocentric city.

The population constraint is given by:

m

∫ y

0

a

h
dx = L

so that:

yM =
Lh

ma

B. The total commuting time of an individual living at distance x from the

CBD

Assume that each worker uses a car for home-to-work commutes. The travel time per

unit of distance depends on the free-flow travel time and the congestion delay due to

commuters living beyond x along the road:

τ(x) = τ0 + τ1(

∫ y

x

a

h(1− a)
dz)

β

We integrate this travel time over the interval [0,y] to determine the total commuting

time of the worker located at the city limits. Hence, we obtain:

TM(y) =

∫
y

0

[τ0 + τ1

∫ y

z

a

h(1− a)
dz]dx

yielding:

TM(y) = yτ0 + τ1
a

h(1− a)
(y2/2).

C. The monocentric city: First- and second-best policies versus no-toll equi-
librium

The aggregate welfare under a no-toll equilibrium is expressed as follows:

W ∗
M =

ma

h

[∫ yM

0

ωC(1− T (x))dx−
∫ yM

0

t0xdx

]
− ALRM +

[
ALRM −m

∫ yM

0

RAdx

]
+m

∫ yM

0

RAdx
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with:

ALRM = m

∫ yM

0

ΨM(x)dx.

When a road pricing scheme is implemented, the aggregate welfare becomes:

W ∗∗
M =

ma

h

[∫ yM

0

ωC(1− TM(x))dx−
∫ yM

0

t0xdx−
∫ yM

0

τk(x)dx+Gk

]
− ALRM

+

[
ALRM −m

∫ yM

0

RAdx

]
+m

∫ yM

0

RAdx

with:

Gk =

∫ yM

0

τk(x)dx

Pigouvian tax Each road user is charged a toll at the exact marginal social cost she

imposes on others for a given residential location and a given workplace:

τP (x) =

∫ x

0

ωCτ1a

h(1− a)
(yM − x)dx

Then, the total revenue from the Pigouvian tax is written as follows:

GP =

∫ yM

0

τP (x)dx

=
mωCτ1a

2

h2(1− a)

∫ yM

0

[
yMx− x2

2

]
dx

=
mωCτ1a

2y3M
3h2(1− a)

The indirect utility VM includes the Pigouvian tax as well as the lump-sum transfer (Gk

L
)

leading to:

VP(yM) = ωC − yM

[
ωCτ0 + t0 −

ωCτ1ayM
2h(1− a)

]
− RAh

a
− τk(yM) +

GP

L
+

ALRP

L

Note that the Pigouvian tax is capitalized in bids rent yielding:

ΨP(x) =
a [h(ωCτ0 + t0)(1− a)(yM − x) + ωCτ1a(yM − x)2]

h2(1− a)
+RA,

Flat kilometer tax The public authority decides to implement a flat tax per mile

traveled instead of a Pigouvian tax. The uniform tax is the following:

τF (x) = tFx
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The benefits from this tax are returned as lump sums to the residents and given by:

GF =
ma

h

∫ yM

0

tFxdx

=
matFy

2
M

2h

Hence, inserting the flat tax, (GF

L
) and the aggregate land rent lump sum (ALRM

L
) yields:

VF(yM) = ωC − yM

[
ωCτ0 + t0 + tF +

ωCτ1ayM
2h(1− a)

]
− RAh

a
+

ALRM

L
+

GF

L
(2.46)

The flat tax is capitalized in the suboptimal bid rent yielding:

ΨF(x) =
a[2h(ωCτ0 + t0 + tF )(yM − x)(1− a) + ωCτ1a(yM − x)2]

2h2(1− a)
+RA, (2.47)

Cordon toll Instead of a Pigouvian tax or a flat tax, the public authority decides to set

a cordon toll at the location αyM (0 < α ≤ 1). Traffic flow is assumed to be uninterrupted

when passing the cordon. The commuters are charged according to the following toll

scheme:

τCT =

{
c if x ≥ αy

0, otherwise
(2.48)

The revenue return scheme is now given by:

GCT =
mayM(1− α)2c

2h
(2.49)

Hence, the individual welfare near the CBD is given by:

VCT (x > αyM) = ωC

[
1− xτ0 −

τ1a(2yMx− x2)

2h(1− a)

]
− t0x− ΨCh

a
+

ALRM

L
+

Gk

L
(2.50)

and at the city limits by:

VCT (yM) = ωC − yM

[
ωCτ0 + t0 +

ωCτ1ayM
2h(1− a)

]
− c− RAh

a
+

ALRM

L
+

Gk

L
(2.51)

Near the CBD, the suboptimal bid rent is expressed as follows:

Ψ0(x < αyM) = a [ωC [TM(yM)− TM(x)] + t0(y − x)] +
[
RA +

ca

h

]
(2.52)

The product of the lump-sum tax (c) and the population density is now capitalized in the

rent between the cordon toll and the city limit. The rent between the location αyM and
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yM is given by:

Ψ0(x > αyM) = a[ωC(TM(yM)− TM(x)) + t0(yM − αyM) +RA (2.53)

There is a rent discontinuity at the cordon toll location.

D. The polycentric city

D1. Equilibrium border

The population constraint is given by:

∫ ẑ

0

a

h
dx+

∫ y

ẑ

a

h
dx =

L

m

so that:

∫ ẑ

0

a

h
dx+

∫ y

ẑ

a

h
dx =

L

m∫ ẑ

0

a

h
dx+ 2

∫ y

zp

a

h
dx =

L

m

a

h
ẑ + 2

a

h

y − ẑ

2
=

L

m

leading to:

y =
Lh

ma

D2. CBD limit in equilibrium with a wage gap

A worker living at ẑ is indifferent between traveling to the CBD or the SBD. Therefore,

we have:

ωC

[
1− ẑτ0 −

τ1aẑ
2

2h(1− a)

]
− t0ẑ = ωS

[
1− τ0(

y − ẑ

2
)− τ1a(y − ẑ)2

8h(1− a)

]
− t0(

y − ẑ

2
)

Inserting µωC = ωS due to the wage gap between the business districts yields:

ẑ∗(µ) =
−2h(1− a) [ωC(2 + µ)τ0 + 3t0]− µωCτ1ay + 2

√
µω2

Cτ
2
1a

2y2 +∆∗

ωC(4− µ)τ1a
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with:

∆∗ = h2(−1+a)2 [ωC(2 + µ)τ0 + 3t0]
2+2h(1−a)

[
(4 + µ2)ω2

C − 5µω2
C + ωC(2 + µ)τ0y + 3µω2

Cτ0y
]
τ1a

leading to:

Γ = ωC

[
1− µ+ τ0

(
ẑ(−2− µ) + µy

2

)
+

τ1a [µ(y − ẑ)2 − 4ẑ2]

8h(1− a)

]
+ t0

(
y − 3ẑ

2

)
,

with Γ ≡ 0. According to the implicit function theorem, we have:

∂Γ

∂k
+

∂Γ

∂ẑ

∂ẑ

∂k
= 0

where k is an exogenous variable from the model. Equivalently, we have:

∂ẑ

∂k
= −∂Γ/∂k

∂Γ/∂ẑ

Trivial calculations yield:

sign
∂ẑ

∂τ0
= sign

∂ẑ

∂µ
< 0, sign

∂ẑ

∂y
> 0

sign
∂Γ

∂t0
= sign

[
y − 3ẑ

2

]
< 0

where the term in brackets is equal to y
2
when ẑ = 0 and decreases when ẑ increases. In

addition we have:

sign
∂Γ

∂τ1
= sign

∂Γ

∂h
= sign

∂Γ

∂a
= sign

[
µ(y − ẑ)2 − 4ẑ2

]
< 0 (0 < µ < 1)

where the term in brackets is equal to µy2 when ẑ = 0 and decreases when ẑ increases.

D3. Welfare Welfare within the polycentric city is now defined as follows:

WS(ẑ
∗(µ)) =

ma

h

[∫ ẑ

0

ωC [1− T (x)]− t0xdx+ 2

∫ y

zp

ωS [1− T (x)]− t0(x− zS)dx

]
− ALRP

+

[
ALRP −m

∫ y

0

RAdx

]
+m

∫ y

0

RAdx

WS(ẑ
∗(µ)) =

ma

h

[
ωC ẑ

∗(1− µ) + µωCy −
(µωCτ0 + t0)

(
y2 − ẑ∗2

)

2
− (ωCτ0 + t0)ẑ

∗2

2
− ωCτ1a

[
4ẑ∗3 + µ(y − ẑ)∗3

]

12h(1− a)

]
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D4. Proof of proposition 2

The aggregate welfare in the no-toll equilibrium can be defined as follows:

W ∗
S =

ma

h

[∫ ẑ

0

ωC [1− T (x)]− t0xdx+ 2

∫ y

zp

ωC [1− T (x)]− t0(x− zS)dx

]
− ALRP

+

[
ALRP −m

∫ y

0

RAdx

]
+m

∫ y

0

RAdx

Free-market and optimal sizes of the CBD limit when µ = 1

The indifference function of ẑ is expressed as follows:

ωC

[
1− ẑτ0 −

τ1aẑ
2

2h(1− a)

]
− t0ẑ = ωC

[
1− (y − zS)τ0 −

τ1a(y − zS)
2

2h(1− a)

]
− t0(y − zS)

yielding:

ẑ2
[

3ωCτ1a

8h(1− a)

]
+ ẑ

[
3ωCτ0

2
+

3t0
2

+
ωCτ1a

4h(1− a)

]
−

[
ωCτ0y

2
+

t0y

2
+

ωCτ1ay
2

8h(1− a)

]
= 0

leading to:

ẑ∗ =
y

3

Then, the size of the CBD in which workers live is determined by a benevolent planner in

order to maximize welfare WP (ẑ) subject to:

{
VC(ẑ) = ωC(1− xτ0 − τ1a

h(1−a)
[ẑx− x2/2])− ΨP (x)h

a
− t0x > 0

VS(ẑ) = ωC(1− (x− zS)τ0 − τ1a
h(1−a)

[y(x− zS) +
z2S−x2

2
])− ΨP (x)h

a
− t0(x− zS) > 0

We have:
∂WS(ẑ)

∂ẑ
= 0

Hence:
mωCτ

2
1a

2(y + ẑ)(y − 3ẑ)

4h2(1− a)
= 0

leading to:

ẑO =
y

3

Hence, ẑ∗ = ẑO and their expression has been inserted in the aggregate welfare function

(??) yielding:

WS(ẑ
O) = L

[
ωC − (ωCτ0 + t0)y

2
− ωCτ1ay

2

27h(1− a)

]
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As a result, we have:

WS(ẑ
O)−W ∗

M =
mωCτ1a

2(y − ẑ)(y + ẑ)2

4h2(1− a)
> 0 (2.54)

D5. Proof of proposition 3

Aggregate welfare, including a wage gap within the city, can be defined as follows:

WS =
ma

h

[∫ ẑ

0

[1− T (x)]− t0xdx+ 2

∫ y

ẑS

ωS [1− T (x)]− t0(x− zS)dx

]
− ALRP

+ [ALRP −m

∫ y

0

RAdx] +m

∫ y

0

RAdx

with:

ALRP = m

∫ ẑ

0

Ψ0(x)dx+ 2m

∫ y

zS

ΨP (x)dx

yielding:

WP = ωC ẑ + ωS(y − ẑ)− ωCτ0ẑ − ωSτ0(y − ẑ)− ωCτ1aẑ
3

3h(1− a)
− 2ωSτ1a(

y−ẑ
2
)3

3h(1− a)
− t0

y2

2

Then, the left endpoint of the SBD ẑO is determined when there exists a wage gap between

the business centers. The maximization of aggregate welfare WP (ẑ) is subject to:

VS(ẑ)





ωC(1− xτ0 − τ1a
h(1−a)

[ẑx− x2/2])− Ψ0(x)h
a

− t0x > 0

ωP (1− (x− zS)τ0 − τ1a
h(1−a)

[y(x− zS) +
z2S−x2

2
])− ΨP (x)h

a
− (x− zS)t0 > 0

ẑ < y

Then, we obtain:

∂WS(ẑ)

∂ẑ
= ωC − ωS + ωSτ0 − ωCτ0 −

ωCτ1aẑ
2

h(1− a)
+

ωSτ1a(y − ẑ)2

4h(1− a)

Thus, ∂WS(ẑ)
∂ẑ

= 0 leads to a single maximum for WS(ẑ) when ẑ ∈ [0, y], which reaches:

ẑO(µ) =
−2h(1− a)ωC(1− µ)τ0 − µωCτ1ay + 2

√
µω2

Cτ
2
1a

2y2 +∆O

ωC(4− µ)τ1a

with:

∆O = h2(−1 + a)2 [ωC(1− µ)]2 τ 20 + h(1− a)
[
(4 + µ2)ω2

C + µω2
Cτ0y − µ2ω2

Cτ0y
]
τ1a
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Furthermore, WS(ẑ) is a concave curve since ∂2WS

∂2ẑ
yields the following result:

∂2WS

∂2ẑ
=

ma

h

[
(ωS − ωC)τ0 −

[24ωC ẑ + 6ωS(y − ẑ)] τ1a

12h(1− a)

]
< 0 (2.55)

This optimal CBD size varies positively with the wage rate discrepancy between the busi-

ness centers within the polycentric setting:

∂WS

∂ẑO
> 0, when 1 <

1

µ
<

1

µ

E. Monocentric city versus Polycentric city

Congestion level

Note that the differential in the total commuting time cost between the two cities is given

by ∆T (y), with:

∆T (y) = TM(yM)− T (y)

= τ0zS +
τ1a[y

2 − (y−ẑ
2
)2]

2h(1− a)

In addition, we have ∆T (ẑ), with:

∆T (ẑ) = TM(yM)− T (ẑP )

= τ0(y − ẑ) +
τ1a(y

2 − ẑ2)

2h(1− a)

Thus, ∆T (y) > 0 and ∆T (ẑ) > 0, with an average congestion delay that is higher in the

monocentric setting.

Welfare comparison. When we assume there is no wage gap within the polycentric

city, the welfare is given by:

WS(ẑ
∗) =

ma

h

[
ωCy −

(ωCτ0 + t0)y
2

2
− ωCτ1a(4ẑ

3∗ + (y − ẑ∗)3)

12h(1− a)

]

and in the monocentric city:

WM = L

[
ωC − yM(ωCτ0 + t0)

2
− ωCτ1ay

2

3h(1− a)

]
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Therefore, the comparison with the monocentric city yields ∆V = WM −WS, with:

∆V = ωC(1− µ)(y − ẑtoll) + ωCτ0(1− µ)(ẑtoll − y)

+
ωCτ1a(ẑtoll

3 − y3)

3h(1− a)
+

ωSτ1a(
y−ẑtoll

2
)3

3h(1− a)

Regarding the evolution of the welfare between the monocentric and the polycentric city,
we obtain the following expression:

∆W (µ) =
ma(y − ẑ)

[
h(1− a) (12(ωS − ωC) + 6ωCτ0(y + ẑ)− 3ωSτ0(y − ẑ) + 3t0(y + 3ẑ)) + 4ωCτ1a(y

2 + yẑ + ẑ2)
]

12h2(1− a)
(2.56)

It is straightforward to check that the aggregate welfare levels are equal when ẑ(µ) =

y. In other words, when µ = 1 − (τ0 +
t0
ωC

)y − τ1ay2

2h(1−a)
. Here, the difference in welfare

depends heavily on the magnitude of the wage gap between the business centers within

the polycentric city.

F. Road pricing schemes in the polycentric city:

F1. Quasi-first-best vs. equilibrium

The city limits remain identical to the benchmark equilibrium, as housing size is ex-

ogenous. Thus, we obtain the bid rent in a suboptimal equilibrium:

Ψ0(x) =
a [h(1− a)(ωCτ0 + t0)(ẑS − x) + ωCτ1a(ẑS − x)2]

h2(1− a)
+RA

and when zS < x < y:

ΨP (x) =
a [h(1− a)(ωSτ0 + t0)(y − x) + ωSτ1a(y − x)2]

h2(1− a)
+RA

The ”Pigouvian” tax is determined as follows:

τP (x) =

∫
x

0

[
τ1a

h(1− a)

∫ ẑ

x

ωC dz]dx and τPT (x) =

∫
x

ẑ

[
τ1a

h(1− a)

∫ y

x

ωS dz]dx,
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with:

τP (x) =

∫
x

0

[
τ1a

h(1− a)

∫ ẑ

x

ωC dz]dx

=
τ1a

h(1− a)

∫ x

0

ωC(ẑ − x) dx

=
ωCτ1a(ẑx− x2/2)

h(1− a)

when 0 < x < ẑ. Because of symmetry around the SBD, we have:∫
x

ẑ

[
τ1a

h(1− a)

∫ y

x

ωSdz

]
dx =

∫
x

zS

[
τ1a

h(1− a)

∫ y

x

ωSdz

]
dx

=
τ1a

h(1− a)

∫ x

zS

ωS(y − x)dx

=
ωSτ1a

[
y(x− zS)− x2−z2S

2

]

h(1− a)

when ẑ < x < y. Using the Pigouvian tax and the indifference condition of a worker living

in ẑ yields:

ωC

[
1− ẑτ0 −

τ1aẑ
2

h(1− a)

]
− t0ẑ = ωS

[
1− (

y − ẑ

2
)τ0 −

τ1a(
y−ẑ
2
)2

h(1− a)

]
− t0(

y − ẑ

2
)

in which ωS = µωC and (2.21) have been inserted, leading to:

ẑP (µ) =
h(−1 + a) [ωC(2 + µ)τ0 + 3t0]− ωSτ1ay +

√
4µω2

Cτ
2
1a

2y2 +∆P

ωC(4− µ)τ1a

with:

∆P = h2(−1 + a)2 [ωC(2 + µ)τ0 + 3t0]
2

+ 4h(1− a)
[
(4 + µ2)ω2

C − 5µω2
C + ωC(2 + µ)τ0y + 3µω2

Cτ0y
]
τ1a

Welfare is now given by:

WP =
ma

h

[∫ ẑ

0

V0dx+ 2

∫ y

zS

VP

]
+GP

152



Chapter 2: Efficiency of road pricing schemes with endogenous workplace in polycentric city

+

[
ALRP −

∫ y

0

RAdx

]
+

∫ y

0

RAdx

where aggregate land rents and toll revenues returned as lump sums:

ALRP =
ma

h

[∫ ẑ

0

Ψ0h

a
dx+ 2

∫ y

zS

ΨPh

a
dx

]
and GP =

ma

h

∫ y

0

τk(x)dx

Thus, we find the following welfare:

WP =
ma

h

[
ωC ẑ −

(ωCτ0 + t0)ẑ
2

2
− ωCτ1aẑ

3

3h(1− a)
+ ωS(y − ẑ)− (ωSτ0 + t0)(y − ẑ)2

4
− (ωSτ1a(y − ẑ)3

12h(1− a)

]

+
ma

h

[
(ωCτ0 + t0)ẑ

2

2
+

ωCτ1aẑ
3

3h(1− a)
+

(ωSτ0 + t0)(y − ẑ)2

4
+

(ωSτ1a(y − ẑ)3

12h(1− a)

]
+mRAy

Then, we derive WP with respect to ẑ leading to:

∂WS

∂ẑ
=

ma

h

[
ωC − (ωCτ0 + t0)ẑ −

ωCτ1aẑ
2

h(1− a)
− ωS +

(ωSτ0 + t0)(y − ẑ)

2
+

(ωSτ1a(y − ẑ)2

4h(1− a)

]

+
ma

h

[
(ωCτ0 + t0)ẑ +

ωCτ1aẑ
2

h(1− a)
− (ωSτ0 + t0)(y − ẑ)

2
− (ωSτ1a(y − ẑ)2

4h(1− a)

]

When ẑ = ẑP :

∂WP

∂ẑ

∣∣∣∣
ẑ=ẑP

=
ma

h
[ωC − ωS] > 0

F2. The polycentric city: Second-best vs. equilibrium

The flat tax The bids rent including the flat tax are given by:

Ψ0(x) =
a [2h(1− a)(ωCτ0 + t0 + τk)(ẑF − x) + ωCτ1a(ẑF − x)2]

2h2(1− a)
+RA

and:

ΨP (x) =
a [2h(1− a)(ωSτ0 + t0 + tF )(y − x) + ωSτ1a(y − x)2]

2h2(1− a)
+RA

when zS < x < y. Using the indirect utility formula with the flat tax and (2.37) yields

the indirect utility given by:

VS = ωS

[
1− (

y − ẑ

2
)τ0 −

aτ1(
y−ẑ
2
)2

2h(1− a)

]
+ ḠT +

ALR

L
− (t0 + tF )(

y − ẑ

2
)− RAh

a
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The indifference condition of a worker living in ẑ yields:

ωC

[
1− ẑτ0 −

τ1aẑ
2

2h(1− a)

]
−(t0+tF )ẑ = ωS

[
1− (

y − ẑ

2
)τ0 −

τ1a(
y−ẑ
2
)2

2h(1− a)

]
−(t0+tF )(

y − ẑ

2
)

yielding:

zF =
−2h(1− a) [τ0(2ωC + ωS) + 3(t0 + tF )]− ωSτ1ay + 2

√
∆F

(4ωC − ωS)τ1a

with:

∆F = h2(−1 + a)2 [τ0(2ωC + ωS) + 3(t0 + tF )]
2

+ 2h(1− a)τ1a
[
4ω2

C + ω2
S + 3ωCωSτ0y − 5ωCωS + (2ωC + ωS)(t0 + tF )y

]
+ ωCωSτ

2
1a

2

Welfare is given by:

WF (tF ) =
ma

h

[∫ ẑ

0

ωC [1− T (x)]− t0(x)dx+ 2

∫ y

zS

ωS [1− T (x)]− t0(x− zS)dx

]

with:

ALRF =
ma

h

[∫ ẑ

0

Ψ0h

a
dx+ 2

∫ y

zS

ΨPh

a
dx

]

Hence, the following welfare is:

WF (tF ) =
ma

h

[
ωC ẑ −

(ωCτ0 + t0)ẑ
2

2
− ωCτ1aẑ

3

3h(1− a)
+ ωS(y − ẑ)− (ωSτ0 + t0)

(
y − ẑ

2

)2

− ωSτ1a(y − ẑ)3

12h(1− a)

]

Then, we derive WS with respect to ẑ yielding:

∂WS

∂ẑ
=

ma

h

[
ωC − (ωCτ0 + t0)ẑ −

ωCτ1aẑ
2

h(1− a)
− ωS + (ωSτ0 + t0)

(
y − ẑ

2

)
− ωSτ1a(y − ẑ)2

4h(1− a)

]

When ẑ = ẑF :

∂WS

∂ẑ

∣∣∣∣
ẑ=ẑF

=
ma

h

[
ωC − ωS − ωCτ1aẑ

2

2h(1− a)
+

ωSτ1a(y − ẑ)2

8h(1− a)
− tF (

y − 3ẑ

2
)

]
≶ 0

F3. The polycentric city: Second-best vs. equilibrium

Cordon toll The amount of collected tax is redistributed to each household and

expressed as follows:

GCT =

∫ ẑC

βẑC

τk(x)dx
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leading to:

ḠCT =
ma(ẑC − βẑC)

2c

2hL

The bid rent including the cordon toll is given by:

Ψ0(x) =
a [2h(1− a)(ωCτ0 + t0)(ẑC − x) + ωCτ1a(ẑC − x)2]

2h2(1− a)
+RA +

ca

h

When αẑC < x < ẑC :

Ψ0(x) =
a [2h(1− a)(ωCτ0 + t0)(ẑC − x) + aωCτ1(ẑC − x)2]

2h2(1− a)
+RA

The indirect utility of the inhabitant who lives at ẑC and works in the CBD is now given

by:

VCT (ẑC) = ωC

[
1− ẑCτ0 −

aτ1ẑC
2

2h(1− a)

]
+ ḠCT +

ALRCT

L
− t0ẑC − c− RAh

a

When zS < x < y:

VCT (y) = ωS

[
1− (

y − ẑC
2

)τ0 −
aωSτ1(

y−ẑC
2

)2

2h(1− a)
)

]
+ ḠCT +

ALRCT

L
− t0(

y − ẑC
2

)− RAh

a

The limit of the CBD ẑ is implicitly defined by:

ωC

[
1− ẑτ0 −

τ1aẑ
2

2h(1− a)

]
− t0ẑ − c = ωS

[
1− (

y − ẑ

2
)τ0 −

τ1a(
y−ẑ
2
)2

2h(1− a)

]
− t0(

y − ẑ

2
)

yielding:

zC =
−2h(1− a) [τ0(2ωC + ωS) + 3t0]− ωSτ1ay + 2

√
∆C

(4ωC − ωS)τ1a

with:

∆C = h2(−1 + a)2 [τ0(2ωC + ωS) + 3t0]
2

+ 2h(1− a)τ1a
[
4ω2

C + ω2
S + 3ωCωSτ0y − 5ωCωS + (2ωC + ωS)t0y − (4ωC − ωS)c

]
+ ωCωSτ

2
1a

2y2

Welfare is given by:

WCT =
ma

h

[∫ αẑ

0

ωC [1− T (x)]− t0(x)dx+

∫ ẑ

αẑ

ωC [1− T (x)]− t0(x)dx+ 2

∫ y

zS

ωS [1− T (x)]− t0(x− zS)dx

]
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with:

ALRCT =
ma

h

[∫ ẑ

0

Ψ0h

a
dx+ 2

∫ y

zS

ΨPh

a
dx

]

Hence, the following welfare is:

WCT =
ma

h

[
ωC ẑ −

(ωCτ0 + t0)ẑ
2

2
− ωCτ1aẑ

3

3h(1− a)
+ ωS(y − ẑ)− (ωSτ0 + t0)

(
y − ẑ

2

)2

− ωSτ1a(y − ẑ)3

12h(1− a)

]

Then, we derive WCT with respect to ẑ yielding:

∂WCT

∂ẑ
=

ma

h

[
ωC − (ωCτ0 + t0)ẑ −

ωCτ1aẑ
2

h(1− a)
− ωS + (ωSτ0 + t0)

(
y − ẑ

2

)
+

ωSτ1a(y − ẑ)2

4h(1− a)

]

When we derive WS with respect to ẑ conditional on ẑ = ẑC , it yields:

∂WS

∂ẑ

∣∣∣∣
ẑ=ẑC

=
ma

h

[
c+

ωSτ1a(y − ẑ)2

8h(1− a)
+

(ωSτ0 + t0)(3ẑ − y)

2

]
≶ 0
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1 Introduction

Près de 17 millions d’actifs en France (deux tiers des actifs) ont quitté quotidiennement

leur commune de résidence pour se rendre sur leur lieu de travail en 2014. En outre,

les distances parcourues domicile-travail ont augmenté de 1990 à 2014 traduisant une

différenciation croissante entre lieu de vie et lieu d’emploi (Coudène et Levy, 2016). Quel

que soit leur lieu de résidence, les actifs se déplacent quotidiennement soit vers la commune

centre du pôle urbain, soit vers un centre secondaire d’emplois au sein de l’aire urbaine

(Aguiléra, 2005). Ces tendances à la hausse des distances domicile-travail sont également

observées dans les pays d’Amérique du Nord et d’autres pays européens (Kahn, 2010 ;

Garcia-Palomares, 2010 ; Aguiléra et al., 2009; Glaeser et al., 2001). L’accroissement des

distances moyennes parcourues a contrebalancé les efforts technologiques déployés pour

réduire les émissions de CO2 des véhicules privés (Levy et Le Jeannic, 2011). De fait, le

secteur des transports reste le secteur le plus émetteur de GES avec 39% des émissions

de CO2 en France en 2016 (CITEPA, 2016). Aménager différemment les aires urbaines

françaises par l’intermédiaire de l’organisation spatiale des emplois et de la population

constitue une des solutions qui permettrait de gérer ces problèmes. L’objectif principal

de ce chapitre est de savoir si la répartition des emplois et de la population joue un rôle

dans l’évolution des distances parcourues domicile-travail. Afin de donner des éléments

de réponse à cette question, notre analyse s’appuie sur les données du Recensement de

la Population de 1999, 2007 et 2014. Ces données nous permettent de classer et de car-

actériser spatialement et socio-économiquement les aires urbaines décrites en section 2 de

ce chapitre. Afin d’expliquer les distances moyennes domicile-travail, nous construisons

plusieurs indicateurs de formes urbaines pour chaque aire urbaine en tant que variables

explicatives ; (i) un ratio du nombre d’emplois dans une commune centre rapporté au

nombre d’emplois total de l’aire urbaine, (ii) un indice de concentration des emplois de

type Herfindahl-Hirschmann, (iii) un indice de répartition spatiale de la population et

des emplois dans les communes centres et (iv) un indice de répartition des emplois et la

population au sein de chaque aire urbaine.

Dans la section 3, nous effectuons une analyse en coupe en disposant de trois périodes

(1999, 2007 et 2014) afin de déterminer une relation entre les mesures de formes urbaines et

les distances moyennes domicile-travail parcourues par les navetteurs. Nos statistiques de-

scriptives montrent une faible variation de nos indicateurs au niveau agrégé de 1999 à 2014

par classe d’aires urbaines. L’hétérogénéité entre aires urbaines apporte de l’information

dans cette analyse par l’intermédiaire d’effets fixes. En outre, des variables spatiales et

socio-économiques sont utilisées comme contrôles conformément à la littérature (popu-
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lation, superficie, âge moyen des actifs, part des femmes actives, nombre de communes

et part des flux de transport collectif). Nos estimations nous donnent une élasticité de

la distance moyenne domicile-travail par rapport à la concentration des emplois dans les

communes centres de 0,22 et une élasticité de la distance moyenne domicile-travail par

rapport à la concentration du nombre d’emplois au sein des aires urbaines de 0,26 pour

l’analyse en coupe sur trois périodes (1999, 2007 et 2014). Ensuite, une analyse contre-

factuelle simple est menée afin de prédire les variations des distances domicile-travail si la

répartition des emplois est identique à celle de la population au sein des aires urbaines. Sur

les trois périodes (1999, 2007 et 2014), les distances domicile-travail peuvent être réduites

de 28% en moyenne dans le cas d’une distribution identique des emplois et de la popula-

tion. Dans le cas d’une estimation incluant l’indice de concentration de la population par

aire urbaine, les distances prédites sont réduites de seulement 9% en moyenne. L’écart

est important en absolu entre les diminutions moyennes des distances domicile-travail. La

population française habitant dans les aires urbaines est répartie autour des pôles urbains.

Cette population urbaine s’est progressivement dispersée et éloignée des lieux d’emplois

qui sont concentrés dans les pôles urbains (Levy et Le Jeannic, 2011). Par conséquent,

c’est une politique de décentralisation qui aurait un impact significatif dans la réduction

des distances parcourues contrairement à un rapprochement de la population vers les cen-

tres d’emplois. Conformément à la littérature, nos résultats montrent que l’augmentation

de la densité de population réduit les distances domicile-travail. Cet effet permet de faire

diminuer la consommation de carburants (Blaudin de Thé et al., 2018). Cependant, l’effet

d’une augmentation de la densité de population reste faible avec une élasticité entre les

distances parcourues, la consommation de carburant et la densité variant de -0,075 à -0,18

selon les spécifications dans la littérature (Blaudin de Thé et al., 2018 ; Schwanen et al.,

2004a ; Duranton et Turner, 2017).

Une forte densité de population induit une demande de trajet plus forte amenant à des

temps de trajet domicile-travail plus élevés et des effets ambigus sur les émissions de CO2

(Makido et al., 2012 ; Borck, 2016 ; Wiedenhofer et al., 2018). À titre d’exemple, à Paris,

les navetteurs ont perdu en moyenne 55 heures dans les embouteillages en 2013 (CEBR,

2014). La congestion du réseau routier due à une forte demande se traduit par un temps

de trajet moyen vers un lieu d’emploi plus long en heure de pointe qu’en heure creuse.

De plus, les temps de trajet moyens (aller simple ou aller-retour) lors des déplacements

pendulaires augmentent avec la distance à la commune centre du pôle urbain et peuvent

également avoir une forme non monotone dans le cas d’aires urbaines possédant de mul-

tiples centres d’emploi attractifs (Kahn, 2010). Pour des raisons similaires à la pollution

liée au trafic urbain, redensifier les villes ne suffit pas car il faut également s’intéresser à
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l’organisation spatiale des emplois (Muñiz et Galindo, 2005). L’accent doit donc être mis

sur la réduction de la congestion urbaine par une meilleure répartition de la demande sur

l’ensemble du réseau et une amélioration de l’accessibilité aux lieux d’emplois. En outre,

l’aménagement de l’espace urbain dépend de la structuration du réseau de transport décidé

par les métropoles. Ce faisant, il expliquerait les caractéristiques liées à la mobilité au

sein des aires urbaines. Par conséquent, nous réalisons plusieurs analyses dans la section

4 où nous estimons les temps de trajet aux heures de pointe aux lieux d’emploi en 2014

afin de tester la viabilité de nos quatre indicateurs de formes urbaines.

L’objectif de cette section est de (i) déterminer si la localisation relative des emplois influ-

ence significativement les temps de déplacement et (ii) d’identifier les indicateurs les plus

pertinents permettant d’expliquer les temps de trajet moyens en heure de pointe. Dans

un premier temps, nous estimons les temps de trajet moyens domicile-travail en heure

de pointe et les distances domicile-travail en prenant uniquement en compte les com-

munes appartenant aux aires urbaines. Nous contrôlons les estimations par des variables

caractérisant chaque commune (part des femmes actives, âge moyen des actifs, distance

kilométrique au centre) et les variables utilisés en section 3 caractérisant les aires urbaines

dans lesquelles les communes sont situées. Nous caractérisons également les communes en

fonction de la classe d’aire urbaine à laquelle elles appartiennent et leur statut de commune

centre. Il en ressort que l’élasticité entre les temps de trajets en heure de pointe ou les

distances domicile-travail avec la part des emplois dans une commune centre et l’indice de

concentration des emplois dans une aire urbaine est respectivement de 0,07 et 0,05. Cela

implique que les distances domicile-travail augmentent mécaniquement les temps de trajet

moyens en heure de pointe à vitesse inchangée. En ce qui concerne les temps de trajet

moyens en heure de pointe au pôle urbain le plus près, le fait de concentrer les emplois

dans les pôles est associé à une légère augmentation du temps de trajet. Cependant, le fait

d’augmenter la dissimilarité entre lieux d’emplois et lieux de résidence est associé à une

diminution des temps de trajet moyens vers les pôles car tous les motifs de déplacement

sont considérés (domicile-travail, loisirs, shopping...).

Dans un second temps, nous estimons les variables dépendantes utilisées précédemment

avec pour objectif de montrer qu’une décentralisation des emplois a un impact non négligeable.

Ainsi, nous construisons deux mesures de distribution spatiale des emplois au niveau com-

munal: (i) un ratio du nombre d’emploi rapporté à la population active par commune et

(ii) la part du nombre d’emplois par commune par rapport à l’aire urbaine. Nos résultats

nous donnent des élasticités négatives entre les distances, temps de trajet domicile-travail

et au pôle urbain en heure de pointe et nos indicateurs de concentration des emplois.
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Enfin, nous terminons l’analyse transversale en 2014 par une analyse contrefactuelle sim-

ple afin de prédire l’évolution des temps de trajet en heure de pointe et des distances

domicile-travail si la répartition est identique entre les emplois et la population au sein

des communes des différentes aires urbaines françaises en 2014. En moyenne, nous mon-

trons que les temps de trajet et les distances domicile-travail peuvent être réduits de 10%.

Le chapitre est organisé de la manière suivante. Nous présentons les données utilisées

issues du Recensement de la Population française de 1999, 2007 et 2014. Nous examinons

les évolutions des distances parcourues aux lieux d’emploi, du temps de trajet en heure

de pointe aux lieux d’emploi selon les trois types d’aires urbaines de 1990 à 2014. Nous

décrivons également les quatre indicateurs clés que nous construisons afin de caractériser

les formes urbaines. La section 3 présente les résultats des estimations des distances

domicile-travail sur trois périodes. La section 4 donne les résultats de nos analyses concer-

nant notamment les estimations des temps de trajet en heure de pointe et nous concluons.

2 Données sur les déplacements domicile-travail et

les aires urbaines

Cette partie présente les données utilisées pour mesurer l’impact des formes urbaines sur

la distance moyenne (pondérée par l’ensemble des flux de transport) parcourue par chaque

navetteur pour se rendre à un lieu d’emploi au sein de chaque aire urbaine. Nous constru-

isons plusieurs indicateurs de forme urbaine liés aux densités résidentielles, d’emplois et à

la distance aux lieux d’emplois.

2.1 Déplacements domicile-travail

Cette analyse utilise les données issues du recensement de la population française (dénommé

par la suite RP) réalisé par l’Institut National de la Statistique et des Etudes Economiques

(INSEE) tous les dix ans de manière exhaustive avant 2004. Depuis 2004, des enquêtes

annuelles sont menées tous les ans, ce qui permet d’obtenir des données actualisées tous

les cinq ans pour l’ensemble du territoire français. Les communes de moins de 10 000

habitants sont sondées une fois tous les cinq ans et pour celles de plus de 10 000 habi-

tants, au moins 8% des logements sont sondés tous les ans, soient au moins 40% de

la population tous les cinq ans1. Nous utilisons uniquement les données des communes

métropolitaines situées dans chaque aire urbaine et nous excluons les communes multi-

1L’INSEE sonde également tous les logements neufs occupés.
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polarisées2 et celles situées hors aires urbaines3. Le RP de 1999 a concerné l’ensemble

de la population française enquêtée. La date de référence est le 8 mars 1999. Le RP

de 2007 actualisé est obtenu à partir des enquêtes tournantes effectuées de 2004 à 2009

et celui de 2014 à partir des enquêtes suivantes de 2009 à 2014. Ainsi, nous disposons

des données socio-démographiques des ménages vivant en France au niveau individuel :

lieu de travail, emploi, commune de résidence, âge et genre des membres du ménage. À

partir des données individuelles, des données communales ont été constituées permettant

de dénombrer les emplois au lieu de travail et les actifs occupés au lieu de résidence. Les

communes de résidence sont classées par aire urbaine. Les aires urbaines françaises sont

codifiées selon la nomenclature de 2010 pour les trois années d’étude choisies (1999, 2007

et 2014). Aucune aire urbaine n’est constituée d’enclaves. Chaque aire urbaine regroupe

un ensemble de communes constitué par une commune centre d’un pôle urbain ainsi que

de communes situées dans une couronne péri-urbaine dont plus de 40% des actifs ayant un

emploi ont leur lieu de travail au sein du pôle urbain ou des communes attenantes (voir

Annexe A).

Mesure des déplacements Les données issues des RP de 1999, 2007 et 2014 nous

donnent les lieux de résidence et les lieux d’emploi des ménages. Ces indications sont

utilisées pour mesurer les distances parcourues domicile-travail avec un distancier appelé

”Odomatrix” qui est un véritable outil de mesure des accessibilités routières sur l’ensemble

du réseau français jusqu’aux niveaux communal et infracommunal (Hilal, 2010). Odoma-

trix comprend une base de données routières issue de la base de données ROUTE 500➤

de l’Institut national de l’information géographique et forestière (IGN) incluant des in-

formations précises sur le réseau routier français (longueur et largeur des tronçons, arcs,

noeuds, chefs-lieux de communes, sens de circulation). Chaque tronçon de route subit

une correction altimétrique et planimétrique de sa géométrie. Une vitesse de circulation

est appliquée à chaque tronçon en fonction du type de route (autoroute, route nationale,

départementale, locale) et de la géographie des lieux traversés (ex: nomenclature des aires

urbaines de 2010 fourni par l’INSEE), ce qui permet de calculer un temps de trajet par arc

du réseau4. Avec cet outil, nous disposons des superficies des aires urbaines pour chaque

année. Nous avons calculé pour chaque commune d’une aire urbaine la distance routière

parcourue vers la commune centre du pôle urbain, le temps de trajet en heure creuse pour

2Selon la définition de l’INSEE, ”les communes multipolarisées sont les communes dont au moins 40%
des actifs occupés résidents travaillent dans plusieurs grandes aires urbaines, sans atteindre ce seuil pour
une seule d’entre elles, et qui forment avec elles un ensemble d’un seul tenant.”https://www.insee.fr/
fr/metadonnees/definition/c1648 (consulté le 27/09/2018).

3Les communes influencées par plusieurs pôles ainsi que les communes rurales hors zone d’influence ne
sont pas prises en compte dans cette étude ainsi que les communes frontalières à des pays étrangers.

4Un arc comprend plusieurs tronçons routiers.
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se rendre à la commune centre du pôle urbain, la distance routière à la commune centre

du pôle urbain le plus près d’une commune de résidence, le temps de trajet à la commune

centre du pôle urbain le plus près en heure creuse et en heure de pointe, le nombre de flux

de voitures particulières et de transports collectifs par commune, la distance routière et

le temps de trajet en heure creuse aux lieux d’emploi (pondérée par tous les flux selon le

mode de transport). En outre, nous disposons du temps de trajet aux lieux d’emploi en

heure de pointe mais uniquement pour l’année 2014. Nous ne disposons pas des adresses

exactes de chaque individu. Ainsi, les distances et les temps de trajet sont mesurés entre

chefs-lieux de communes5.

Variables dépendantes Le tableau 3.1 présente les statistiques descriptives des vari-

ables dépendantes issues du RP de 1999, 2007 et 2014, variables construites avec Odoma-

trix : (i) la distance moyenne domicile-travail, (ii) le temps de trajet moyen domicile-travail

en heure de pointe, (iii) la distance moyenne au pôle urbain et (iv) le temps de trajet moyen

du lieu de résidence au pôle urbain le plus près. Les aires urbaines sont classées selon le

nombre d’emplois correspondant aux critères utilisées par l’INSEE (Van Puymbroeck et

Reynard, 2010; Brutel, 2011). Nous avons décidé d’isoler l’agglomération parisienne au vu

de son poids en termes d’emplois et de population vis-à-vis de l’ensemble des aires urbaines

françaises. La deuxième classe regroupe les aires urbaines métropolitaines concentrant à

la fois plus de 200 000 emplois et plus de 500 000 habitants (hors Paris)6. La troisième

catégorie englobe les grandes aires urbaines de 50 000 à 200 000 emplois et la dernière est

composée des autres aires urbaines ayant respectivement 1 500 à 5000 emplois et 5 000 à

10 000 emplois au sein de leur pôle urbain7.

Pour chaque année, nous avons restreint notre champ d’études aux aires urbaines comp-

tant au moins deux communes en leur sein afin d’observer des déplacements vers une

commune centre. En outre, nous nous restreignons aux aires urbaines dans lesquelles les

distances moyennes domicile-travail sont inférieures ou égales à 50 kilomètres8. Ainsi, les

données de 597 aires urbaines en 1999, 594 en 2007 et 602 en 2014 sont conservées pour

5Les distances et les temps de trajet domicile-travail/commune centre correspondent à une distance et
un temps de trajet moyen pour un aller-retour.

6L’INSEE ajoute également un critère lié à la présence de plus de 20 000 cadres ayant des fonctions
métropolitaines mais nous ne disposons pas de cette information dans nos bases de données (Brutel, 2011).

7Le pôle urbain d’une aire est dénommé également ”unité urbaine”. Un pôle regroupe la commune
centre et les communes limitrophes respectant le critère de répartition d’emploi des aires urbaines. Ce
pôle est ensuite entouré d’une couronne péri-urbaine regroupant des communes urbaines et rurales où
résident au minimum 40% des actifs ayant un emploi au sein du pôle ou d’une commune attirée par le
pôle, le tout constituant une aire urbaine (Brutel et Levy, 2011).

8Les aires urbaines corses donnent des valeurs aberrantes pour les années 1999 et 2007, c’est pourquoi
elles ont été exclues. Concernant l’année 2014, aucune aire urbaine n’a été exclue suite à la restriction
qui permet d’améliorer la qualité des estimations.
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les analyses. Ces aires urbaines hébergent respectivement 47 872 278, 50 444 759 et 52

514 970 habitants, ce qui représente 79,5%, 79,3% et 79,7% de la population française.

Les aires urbaines exclues du modèle à cause de valeurs aberrantes représentent seulement

0,4% de la population totale française en 1999 et en 2007. Nous pouvons déduire du

tableau 3.1 que les distances domicile-travail ont augmenté en moyenne entre 1999 et 2014

avec une légère baisse entre 2007 et 2014 pour les autres aires urbaines. Notons toutefois

que la variabilité des distances moyennes parcourues est faible au sein des autres aires

urbaines. À titre d’exemple, les écarts-types oscillent entre 4,2 et 4,5 kilomètres alors que

pour les grandes aires urbaines, les écarts-types se situent entre 2,2 et 4,3 kilomètres. Nous

disposons du temps de trajet moyen domicile-travail (pondéré par les flux de transport)

uniquement pour l’année 2014, ce qui ne nous permet pas de faire des comparaisons avec

les autres années. Concernant les distances moyennes parcourues et les temps de trajet

moyens au pôle urbain le plus près de chaque commune de résidence, elles restent stables

de 1999 à 2014. Aussi, les temps de trajet moyens au pôle urbain sont très stables au sein

des petites et moyennes aires urbaines sur ces trois périodes (écart-types entre 21,9 et 22,7

minutes).
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Table 3.1: Statistiques descriptives des variables dépendantes : distances aux emplois,
temps de trajet moyens domicile-travail et domicile-pôle urbain en fonction des classes
d’aires urbaines en 1999, 2007 et 2014.

Distance
domicile-travail

(km)

Temps de
trajet

domicile-travail
(minutes)

Distance au
pôle urbain

(km)

Temps de
trajet vers

le pôle urbain
(minutes)

Classes d’aires urbaines MoyenneEcart-
type

MoyenneEcart-
type

MoyenneEcart-
type

MoyenneEcart-
type

1999 (N=597)
Aire urbaine de Paris (n=1) 13.7 19.8 43.8
Aire métropolitaine (n=11) 15.1 1.6 13.4 2.3 28.6 5.5
Grandes aires urbaines (n=47) 15.5 3.9 8.9 3.0 18.3 5.7
Autres aires urbaines (n=538) 14.2 3.4 2.6 2.1 32.6 22.1
2007 (N=594)
Aire urbaine de Paris (n=1) 13.7 20.1 44.1
Aire métropolitaine (n=14) 16.9 2.0 13.2 2.7 27.8 5.9
Grandes aires urbaines (n=51) 16.8 4.3 9.0 3.0 17.8 5.8
Autres aires urbaines (n=528) 15.9 4.5 2.7 2.1 33.1 21.9
2014 (N=602)
Aire urbaine de Paris (n=1) 14.3 26.7 20.3 44.4
Aire métropolitaine (n=15) 17.5 1.9 24.6 2.2 13.5 2.7 28.2 5.8
Grandes aires urbaines (n=49) 17.7 2.2 22.0 2.7 9.5 3.0 18.7 5.8
Autres aires urbaines (n=537) 17.5 4.2 18.0 4.0 2.9 2.3 33.8 22.5

Champs : Aires urbaines de 2 communes ou plus en France métropolitaine.

Note de lecture : En 2014, dans les aires métropolitaines, les distances moyennes domicile-travail sont de 17,5 km pour un

temps de trajet moyen de 24,6 minutes. La distance moyenne au pôle urbain est de 13,5 km pour un temps de trajet

moyen de 28, 2 minutes. Source : recensements de la population de 1999, 2007 et 2014 INSEE ; Odomatrix 1990-2014,

UMR1041 CESAER INRA.

2.2 La mesure des formes urbaines

Dans cette analyse, les individus statistiques sont les aires urbaines françaises métropolitaines

incluant deux communes au minimum afin de capter des distances domicile-travail autres

que vers la commune centre. Ces trajets domicile-travail sont affectés par la configura-

tion spatiale (réseau routier, occupation/utilisation du sol...), les fonctions urbaines (zones

d’emplois, flux de transport...) et la population urbaine (densité, caractéristiques socio-

économiques...). Dans notre cas, quatre indicateurs différents seront testés. Le premier

indicateur de forme urbaine est spécifique aux communes centres de chaque aire urbaine.

Il représente la part des emplois situés dans la commune centre par rapport aux emplois

totaux au sein de l’aire urbaine:

PECit =
EmploiCentreit
Emploitotalit

(3.1)
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où i = 1, ..., N correspond aux aires urbaines à la période t (1999, 2007 ou 2014). Les

variables EmploiCentreit et Emploitotalit sont respectivement le nombre d’emplois dans

la commune centre et le nombre d’emplois total dans l’aire urbaine. Cet indicateur permet

de déterminer si les emplois sont concentrés ou non au sein de la commune centre de l’aire

urbaine et donc de refléter ou non le caractère monocentrique de ladite aire. Cependant, il

ne donne aucune information sur la distribution spatiale des emplois au sein de la commune

centre et de l’aire urbaine. Le deuxième indicateur utilisé mesure la dispersion des emplois

au sein de l’aire urbaine i afin d’apprécier plus précisément son degré de polycentrisme ou

de monocentrisme. C’est un indice similaire à celui d’Herfindahl-Hirschmann qui est une

mesure de la concentration des entreprises au sein d’un marché. La mesure est la suivante:

IndiceHH it =
n∑

k=1

(
Emploikit
Emploiit

)2

(3.2)

où i = 1, ..., N correspond aux aires urbaines à la période t (1999, 2007 ou 2014). k =

1, ..., n sont les communes au sein d’une aire urbaine i. Emploiit est le nombre d’emplois

total au sein de l’aire urbaine i. Emploikit est le nombre d’emplois au sein de la commune

k de l’aire urbaine i. Ainsi, on obtient le poids que représente chaque commune quant à

la localisation des emplois. Un indice proche de 0 signifie que les zones d’emplois sont dis-

persées au sein de l’aire urbaine et inversement s’il est proche de 1. Par rapport au premier

indicateur, nous captons la distribution spatiale des emplois au sein de l’ensemble de l’aire

urbaine. Par conséquent, les communes centres d’emplois principaux et secondaires sont

captés par cette mesure. Cependant, il manque la distribution spatiale de la population

par rapport aux zones d’emplois. C’est pourquoi, les deux derniers indicateurs utilisés sont

des indices de distribution spatiale intergroupe. Nous comparons la distribution spatiale

des emplois et de la population avec deux indices de dissimilarité de type Duncan and

Duncan (1955). Le premier s’intéresse à la distribution au sein de la commune centre de

chaque aire urbaine et est exprimé de la façon suivante:

ID − Centreit =

(
1

2

∣∣∣∣
PopulationCentrekit

Populationit

− Emploikit
Emploiit

∣∣∣∣
)

(3.3)

où PopulationCentrekit est la population ayant la commune centre de l’aire urbaine comme

lieu de résidence. Populationit est la population totale de l’aire urbaine i. Le ratio

Emploikit/Emploiit représente le poids de la commune centre en matière d’emplois par

rapport à l’aire urbaine où elle se situe. Nous captons uniquement la proportion des

emplois et de la population dans la commune centre. Plus cet indice est proche de 0, plus
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la population et les emplois ont une distribution égale et inversement9. Le second indice

est plus précis et s’attache à mesurer la répartition des emplois et de la population au sein

de chaque aire urbaine cette fois-ci. L’indice est le suivant:

ID − Aireurbaineit =

(
n∑

k=1

1

2

∣∣∣∣
Populationkit

Populationit

− Emploikit
Emploiit

∣∣∣∣

)
(3.4)

où k = 1, ..., n correspond au nombre de communes au sein de chaque aire urbaine k. Plus

cet indice est proche de 0,5, plus les emplois et la population sont inégalement répartis

au sein de l’aire urbaine et inversement10. Le tableau 3.2 donne les valeurs moyennes et

les écarts-types de ces indices pour chaque classe d’aire urbaine à chaque période. En ce

qui concerne la proportion des emplois localisées au sein de la commune centre des aires

urbaines, on remarque que plus la taille des aires décrôıt, plus les emplois sont concentrés.

On passe d’une moyenne de 30% pour Paris à 80% pour les autres aires urbaines comme

Lorient ou Brive-la-Gaillarde. Ce fait est reflété par la mesure de la concentration des

emplois au sein des aires urbaines. L’indice de concentration évolue de 0,1 pour l’aire

urbaine de Paris jusqu’à 0,6 pour les petites et moyennes aires urbaines. Donc les emplois

sont bien plus concentrés dans ces aires qu’à Paris. Notons que les emplois sont trois

fois plus concentrés spatialement dans les grandes aires urbaines qu’à Paris. Quand on

s’intéresse à la répartition des emplois et de la population dans les communes centres des

aires urbaines, on remarque qu’ils sont presque également répartis au vu de l’indice de

dissimilarité égal à 0,1 en moyenne pour l’ensemble des aires urbaines. Pour ce qui est de

la répartition au sein des aires urbaines, l’indice triple pour Paris et double pour l’ensemble

des autres classes d’aires urbaines. Nous en déduisons qu’au niveau d’une aire urbaine,

la répartition des emplois et des populations est plus inégale impliquant l’existence de

zones d’affaires comme La Défense à Paris et des communes-dortoirs. Tous ces éléments

sont stables en moyenne sur les trois périodes étudiées (1999, 2007 et 2014) pour chaque

classe d’aire urbaine. Par conséquent, cela reflète une absence de réaménagement et de

création majeurs de nouvelles zones d’activités économiques, artisanales et commerciales

attractives pendant 15 ans. Une des raisons qui peut expliquer ces observations est lié au

désengagement financier progressif de l’Etat depuis les années 1980-1990 dans la stratégie

d’aménagement des territoires (Hervé et De Nicola, 2017).

9Un indice égal à 0,5 stipule que soit la commune est une commune dortoir hébergeant uniquement
la population, soit elle est concentrée de lieux d’emplois uniquement. Un indice égal à 0 signifie une
proportion égale entre population et nombre d’emplois dans la commune.

10Un indice égal à 0 signifie que les emplois et la population sont répartis de manière équivalente au
sein de l’aire urbaine. Un indice égal à 0,5 indique qu’il existe une ségrégation entre les zones d’emplois
et les lieux de résidence de la population.
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Table 3.2: Statistiques descriptives des différents indicateurs de forme urbaine en fonction
des classes d’aires urbaines en 1999, 2007 et 2014.

PEC Indice HH ID - Centre ID - Aire urbaine
Classes d’aires urbaines MoyenneEcart-

type
MoyenneEcart-

type
MoyenneEcart-

type
MoyenneEcart-

type
1999 (N=597)
Aire urbaine de Paris (n=1) 0.32 0.11 0.07 0.26
Aire métropolitaine (n=11) 0.41 0.09 0.19 0.08 0.05 0.02 0.19 0.04
Grandes aires urbaines (n=47) 0.52 0.16 0.31 0.15 0.08 0.03 0.23 0.04
Autres aires urbaines (n=538) 0.77 0.17 0.65 0.21 0.07 0.04 0.16 0.08
2007 (N=594)
Aire urbaine de Paris (n=1) 0.31 0.10 0.06 0.25
Aire métropolitaine (n=14) 0.41 0.10 0.19 0.08 0.05 0.02 0.19 0.04
Grandes aires urbaines(n=51) 0.51 0.16 0.31 0.15 0.08 0.03 0.23 0.04
Autres aires urbaines (n=528) 0.76 0.17 0.64 0.21 0.08 0.04 0.17 0.09
2014 (N=602)
Aire urbaine de Paris (n=1) 0.31 0.10 0.07 0.26
Aire métropolitaine (n=15) 0.41 0.09 0.19 0.07 0.05 0.02 0.20 0.05
Grandes aires urbaines (n=49) 0.50 0.16 0.29 0.14 0.08 0.03 0.23 0.04
Autres aires urbaines (n=537) 0.75 0.18 0.63 0.21 0.08 0.04 0.17 0.09

Champs : Aires urbaines de 2 communes ou plus de France métropolitaine.

Note de lecture : La part moyenne des emplois localisés dans la commune centre est de 40% dans les aires métropolitaines

avec un écart-type de 10% en 1999. L’indice de concentration des emplois a une moyenne de 0,2 pour un écart-type de 0,1.

L’indice de répartition de la population et des emplois dans la commune centre a une moyenne de 0,1 pour un écart-type

proche de 0 et celui qui mesure la distribution spatiale des emplois et de la population au sein des aires urbaines a une

moyenne de 0,2 pour un écart-type proche de 0; PEC : Part de l’emploi de la commune centre, Indice HH : concentration

des emplois dans l’aire urbaine, ID-Centre : Indice de dissimilarité emplois-population dans la commune centre et ID-Aire

urbaine : indice de dissimilarité emplois-population au sein de l’aire urbaine. Source : recensements de la population de

1999, 2007 et 2014 INSEE; Odomatrix 1990-2014, UMR1041 CESAER INRA.

2.3 Les variables de contrôle

Dans cette analyse, plusieurs variables de contrôle utilisées sont des sources d’informations

non négligeables. Parmi ces variables, la priorité était de disposer de la densité urbaine

mesurée par le ratio de la population totale rapportée à la superficie. C’est un indicateur

de forme urbaine très utilisé dans la littérature et influençant l’offre de transports urbains

et par conséquent le choix modal, les distances et les temps de trajet domicile-travail

(CGDD, 2010). Une aire urbaine très étalée à faible densité de population induit des

distances parcourues plus élevées ainsi qu’une utilisation d’un mode de transport privé et

inversement. Les aires urbaines denses favorisent le rapprochement entre lieu de résidence

et lieu d’emploi ainsi qu’une offre alternative de transport public par rapport au recours

à un véhicule privé (Buehler, 2011 ; Schwanen et al., 2004b). C’est pourquoi nous avons

également classé les aires urbaines en isolant celle de Paris par rapport notamment au

groupe des aires métropolitaines dont elle devrait faire partie. Les données indiquent une
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spécificité de la capitale française où la moitié des navettes domicile-travail se fait au moyen

d’un mode de transport collectif ou doux (vélo, marche à pieds,...), relevé également dans

l’enquête transports et déplacements de 2008 (CGDD, 2010)11.

Nous contrôlons par la proportion de femmes actives dans chaque aire urbaine car les

femmes ont tendance à résider plus près de leur lieu de travail que les hommes. Cela

implique des distances domicile-travail plus courtes quels que soient leur niveau de revenu

et leur mode de transport (Pereira et Schwanen, 2015; Law, 1999; Buehler, 2011; Gordon

et al., 1989). Leur temps de trajet vers un lieu d’emploi est plus court que celui des

hommes selon plusieurs études empiriques (Pereira et Schwanen, 2015; Carlson et Malm-

fors, 2018; Crane et Takahashi, 2009; Wyly, 1998). De plus, les femmes ont tendance à

moins utiliser un véhicule privé dans leurs trajets quotidiens (Colley et Buliung, 2016;

Schwanen et al., 2001). Plusieurs explications sont relevées dans la littérature: (i) une

préférence plus prononcée pour les autres moyens de transport, (ii) la présence de plusieurs

trajets courts dans une journée de travail liés notamment aux trajets domicile-école pour

les ménages avec enfants et (iii) des décisions de choix modaux au sein des ménages en

faveur de l’utilisation du véhicule principal par les hommes (Crane et Takahashi, 2009;

Colley et Buliung, 2016). Les femmes et les hommes actifs ont un intérêt commun à se

localiser dans les aires urbaines afin d’être près de leur lieu d’emploi et parce que ces villes

ont une demande de travail et des salaires plus élevés proposés par des entreprises plus

efficaces que dans les communes rurales (De la Roca et Puga, 2017). Nous ne disposons

pas des compétences et des salaires moyens comme variables de contrôle mais uniquement

de l’âge moyen des actifs qui permet de capter un effet du cycle de vie sur les localisations

et les distances domicile-travail. Les jeunes travailleurs ont tendance à se localiser près de

la commune du centre urbain tandis que les couples mariés actifs plus âgés ont tendance

à s’éloigner du centre des villes (Buisson et Lincot, 2016; Gautier et al., 2010; White,

1986). Enfin, utiliser l’âge moyen des actifs permet en partie de contrôler l’évolution des

localisations en fonction du statut marital.

Les aires urbaines françaises présentent des données socio-économiques similaires sur les

trois périodes. L’âge moyen des actifs varie légèrement entre chaque période et est iden-

tique entre classes d’aires urbaines. Il augmente d’un an entre 1999 et 2014. La proportion

moyenne de femmes actives augmente entre 1999 et 2014 atteignant presque 50%. Notons

que la proportion moyenne est la plus élevée à Paris et la plus faible dans les autres aires

11Les temps de trajet domicile-travail sont également plus long en moyenne en Île-de-France qu’en
province. En 2008, 72 minutes par jour sont consacrées à faire la navette pour des distances moyennes
similaires (CGDD, 2010).
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urbaines à chaque période. À titre d’exemple, il y a une moyenne de 47, 4% de femmes

actives dans ces dernières en 2014, ce qui correspond à la proportion moyenne à Paris en

1999. Entre 1999 et 2014, la superficie des aires urbaines est définie selon la nomenclature

de 2010. Nos aires urbaines sont constantes mais nous observons une variation de leur

superficie qui est dû à (i) des fusions de communes entre deux RP entrâınant une baisse du

nombre de communes (observé entre 1999 et 2007) et à (ii) des évictions de communes ne

comptabilisant plus aucun actif ni d’emplois (observé entre 2007 et 2014). C’est pourquoi

la superficie des différentes aires urbaines évolue légèrement à la baisse en moyenne entre

1999 et 2014. En outre, au sein de chaque classe à l’exception de Paris, la variabilité du

nombre de communes moyenne par aire urbaine est élevée. À titre d’exemple, les aires

métropolitaines sont composées de 205 communes en moyenne en 2014 avec un écart-type

de 131. La population totale à Paris diminue entre 1999 et 2014 contrairement aux autres

aires urbaines. La population moyenne au sein de chaque classe d’aires urbaines oscille en-

tre baisse et augmentation entre 1999 et 2014 avec une forte variabilité entre aires urbaines

au sein de chaque classe. Enfin, les flux de transport collectif sont de très loin minoritaires

dans les aires urbaines autres que Paris. À titre d’exemple, la proportion moyenne des

flux de transport collectif est de seulement 15,8% dans les aires métropolitaines comparé

aux 49,9% au sein de l’aire urbaine de Paris en 2014 (voir Table 3). En général, les trajets

en transport collectif sont plus longs que les trajets en véhicule privé (Crane et Takahashi,

2009).
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Table 3.3: Statistiques descriptives des variables de contrôle : caractéristiques spatiales et socio-démographiques en fonction des
classes d’aires urbaines en 1999, 2007 et 2014.

Superficie
(km2)

Population
totale

(milliers)

Nombre de
communes

Age moyen
des actifs
(ans)

Femmes actives
(%)

Proportion des
flux de

transport collectif
(%)

Classes d’aires urbaines Moyenne Ecart-
type

Moyenne Ecart-
type

Moyenne Ecart-
type

Moyenne Ecart-
type

Moyenne Ecart-
type

Moyenne Ecart-
type

1999 (N=597)
Aire urbaine de Paris (n=1) 17174 11 356 1798 41.1 47.4 42.3
Aire métropolitaine (n=11) 3447 1605 997.5 431.1 238.6 138.7 41.0 0.8 45.9 0.5 10.4 2.0
Grandes aires urbaines (n=47) 1451 754 276.8 125.5 115.6 71.5 41.0 0.4 44.9 2.0 6.7 2.8
Autres aires urbaines (n=538) 196 234 23.2 27.8 14 19.2 40.5 0.8 43.6 2.3 2.9 2.5
2007 (N=594)
Aire urbaine de Paris (n=1) 17174 12 067 1798 40.7 48.4 47.7
Aire métropolitaine (n=14) 3140 1587 958.3 468.9 208.9 136.9 40.7 0.8 47.7 0.5 13.9 2.9
Grandes aires urbaines (n=51) 1316 730 253.2 119.0 108.8 71.8 40.5 0.5 47.0 1.4 7.8 3.0
Autres aires urbaines (n=528) 190 225 22.8 26.6 13.4 18.1 40.5 1.0 46.0 2.2 3.5 2.8
2014 (N=602)
Aire urbaine de Paris (n=1) 17050 12 476 1769 42.1 49.0 49.9
Aire métropolitaine (n=15) 3101 1543 976.3 501.1 205.2 131.0 42.1 0.8 48.7 0.5 15.8 3.8
Grandes aires urbaines (n=49) 1309 691 259.4 118.3 106 71.4 41.9 0.6 48.3 1.2 8.0 3.4
Autres aires urbaines (n=537) 191 227 23.6 28.0 13.4 17.9 42.5 1.2 47.4 2.2 3.8 3.2

Source : recensements de la population de 1999, 2007 et 2014 INSEE ; Odomatrix 1990-2014, UMR1041 CESAER INRA. recensements de la population de 1999,
2007 et 2014,
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3 Évolution des distances moyennes domicile-travail

parcourues et formes urbaines

Notre objectif est d’estimer la relation entre nos mesures de formes urbaines et les distances

moyennes domicile-travail. L’analyse en coupe est constituée de données sur trois périodes:

1999, 2007 et 2014. Le modèle économétrique que l’on utilise pour évaluer l’impact de la

distribution spatiale des lieux d’emplois et résidentiels sur les distances moyennes domicile-

travail est le suivant:

logyit = β0 + βlogXit + γZit + µi + λt + ǫit (3.5)

où yit est la distance moyenne domicile-travail parcourue par chaque navetteur au sein de

l’aire urbaine i pendant l’année t. Cette distance moyenne domicile-travail est pondérée

par l’ensemble des flux de transport au niveau communal (pour tous modes) et par les flux

de véhicules privés et de transports collectifs au niveau de chaque aire urbaine. Xit est le

vecteur des indicateurs caractérisant la forme urbaine de l’aire i à la date t. Les quatre

indicateurs de mesure des formes urbaines précédemment définis sont utilisés séparément

dans les régressions par moindres carrés ordinaires (MCO). Le vecteur des variables de

contrôle Zit est composé de la taille de la ville mesurée par la superficie totale de l’aire

urbaine, la population totale (actifs occupés et inactifs), le nombre total de communes

par aire urbaine, les caractéristiques socio-économiques (proportion de femmes actives,

âge moyen des actifs) et la part que représente les flux de transport collectif dans les flux

totaux par aire urbaine i à l’année t. λt est un effet fixe année pour prendre en compte

l’évolution des distances moyennes parcourues entre 1999 et 2014, avec l’année 1999 prise

comme référence.

Enfin, µi est un effet fixe aire urbaine. L’intégration d’effets fixes aires urbaines nous

permet de capter en partie l’hétérogénéité entre ces aires pour différentes variables non

observées ou non disponibles pour cette analyse. L’aire urbaine prise comme référence

pour chacun des modèles est l’aire urbaine correspondant à Paris. Par conséquent, nous

obtenons l’effet incrémental de chaque aire urbaine sur les distances moyennes domicile-

travail parcourues par rapport à l’aire urbaine de référence. Pour nos régressions MCO,

nous utilisons une spécification log-log incluant nos variables de contrôle et nos variables

explicatives. Les coefficients β sont nos paramètres d’intérêt. Ils mesurent l’impact de la

forme urbaine sur les distances moyennes domicile-travail toutes choses égales par ailleurs.

Avec une spécification log-log, ces coefficients doivent être interprétés de la manière suiv-

ante. Prenons la part des emplois dans la commune centre de l’aire urbaine mesurée en
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pourcentage. Une augmentation de 1% de la part des emplois augmente les distances

moyennes domicile-travail parcourues de β1%, la variation étant attendue positive toutes

choses étant égales par ailleurs puisque les emplois se délocalisent plus rapidement que les

populations. β1 représente une élasticité ainsi que les autres coefficients pour les autres

variables explicatives et variables de contrôle.

Le tableau 3.4 reporte les résultats de la régression MCO de référence. Les colonnes

(2), (3), (4) et (5) montrent que nos indicateurs de forme urbaine impliquant la localisa-

tion des lieux d’emplois et des résidents ont un impact positif significatif sur les distances

moyennes domicile-travail. Logiquement, la concentration des emplois au sein d’une aire

urbaine mesurée par l’indice Herfindahl-Hirschmann (indice HH) et par la part des em-

plois situés dans la commune centre augmentent les distances domicile-travail. Pour 10%

d’augmentation de la concentration ou de la part des emplois, on obtient respectivement

2,2 et 2,4% d’augmentation des distances moyennes. L’indice de répartition des emplois

et de la population au sein des aires urbaines ainsi que leur proportion dans les communes

centres des aires urbaines donnent des coefficients positifs respectifs de 0,5% et de 0,6%

des distances domicile-travail dans le cas d’une augmentation de 10% de la dissimilarité.

Accrôıtre la dissimilarité entre lieux de résidence et lieux d’emplois est associé à une aug-

mentation des distances domicile-travail étant donné que les emplois sont en majorité

concentrés dans les communes centres des aires urbaines tout en contrôlant par l’évolution

à la hausse des distances depuis 1999 (voir annexe 6.2). L’aménagement urbain à travers

l’organisation spatiale des lieux d’emplois a un rôle non négligeable vis-à-vis des distances

domicile-travail. Comme il était attendu, l’augmentation de la population dans une aire

urbaine est lié à une réduction des distances domicile-travail toutes choses étant égales par

ailleurs. De même, une augmentation des flux de transport collectif de 10% est associé à

une faible augmentation de 0,4% des distances moyennes domicile-travail.

Pour tester la stabilité de nos coefficients, nous avons retravaillé les données sur les

trois périodes avec les aires urbaines à superficie constante en conservant celles ayant le

même nombre de communes qu’en 1999 afin de corriger les effets liés aux variations ob-

servées des superficies entre 1999 et 2014. Dans le cas de l’année 2014, il y a eu également

des fusions de communes pour certaines aires urbaines comme Paris et Lyon mais leur

superficie est restée similaire. Les effets marginaux sont quasiment identiques pour nos

quatre variables d’intérêt et nos variables de contrôle. L’effet d’une augmentation de la

population est similaire à la première analyse. L’influence des flux de transport collectif

reste faible et identique lorsque les communes de référence sont de 1999. Enfin, on relève

que si l’âge moyen des actifs augmente de 1% dans une aire urbaine, les distances moyennes

domicile-travail ont un coefficient de -0,31% en colonne (1), un effet particulièrement élevé
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Table 3.4: Impact des formes urbaines sur les distances moyennes domicile-travail
(pondérées par tous les flux de transport) sur trois périodes (1999, 2007 et 2014).
Variable dépendante (1) (2) (3) (4) (5)
Log (distance moyenne domicile-
travail)

Log (superficie) 0.02 0.02 0.04 -0.004 0.01
(0.26) (0.27) (0.27) (0.26) (0.27)

Log (population) -0.32*** -0.31*** -0.30*** -0.29*** -0.29***
(0.08) (0.08) (0.08) (0.08) (0.08)

Log (âge moyen des actifs) -0.91** -0.95*** -0.97*** -0.95*** -0.90**
(0.36) (0.36) (0.36) (0.36) (0.36)

Log (part des femmes actives) -0.21 -0.23 -0.24 -0.23 -0.21
(0.18) (0.18) (0.18) (0.18) (0.18)

Log (nombre de communes) -0.27 -0.26 -0.26 -0.27 -0.31
(0.30) (0.30) (0.30) (0.30) (0.30)

Log (part des flux de transport
collectif)

0.04*** 0.04*** 0.04*** 0.04*** 0.04***

(0.01) (0.01) (0.01) (0.01) (0.01)
Log (PEC) 0.24**

(0.12)
Log (Indice HH) 0.22**

(0.10)
Log (ID - centre) 0.05***

(0.02)
Log (ID - aires urbaines) 0.06**

(0.03)
Année 1999 Référence Référence Référence Référence Référence
Année 2007 0.11*** 0.12*** 0.12*** 0.11*** 0.11***

(0.01) (0.01) (0.01) (0.01) (0.01)
Année 2014 0.26*** 0.27*** 0.27*** 0.26*** 0.25***

(0.02) (0.02) (0.02) (0.02) (0.02)
Effet fixe Aire urbaine OUI OUI OUI OUI OUI
Observations 1 788 1 788 1 788 1 788 1 788
Adj. R2 0.69 0.69 0.69 0.69 0.69

Notes : Estimations des Moindres Carrés Ordinaires ; les écart-types sont clusterisés au niveau des aires urbaines (594

clusters) et reportés entre parenthèses; toutes les régressions contiennent des constantes ; PEC : Part de l’emploi de la

commune centre, Indice HH : concentration des emplois dans l’aire urbaine, ID-Centre : Indice de dissimilarité

emplois-population dans la commune centre et ID-Aire urbaine : indice de dissimilarité emplois-population au sein de l’aire

urbaine ; *** p<0.01, ** p<0.05, * p<0.1 Source : recensements de la population de 1999, 2007 et 2014 INSEE ;

Odomatrix 1990-2014, UMR1041 CESAER INRA.

mais trois fois plus faible lorsque le nombre de commune des aires urbaines est constant.

En d’autres termes, être un actif jeune augmenterait les distances domicile-travail car les
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Table 3.5: Impact des formes urbaines sur les distances routières moyennes domicile-travail
(pondérées par tous les flux de transport), Référence : Communes et superficie de 1999
par aire urbaine.
Variable dépendante (1) (2) (3) (4) (5)
Log (distance moyenne domicile-
travail)

Log (population) -0.29*** -0.28*** -0.26*** -0.26*** -0.25***
(0.08) (0.08) (0.08) (0.08) (0.08)

Log (âge moyen des actifs) -0.31*** -0.30*** -0.29*** -0.32*** -0.34***
(0.10) (0.10) (0.10) (0.10) (0.10)

Log (part des femmes actives) -0.25 -0.27 -0.28 -0.27 -0.25
(0.18) (0.18) (0.18) (0.18) (0.18)

Log (part des flux de transport
collectif)

0.04*** 0.04*** 0.04*** 0.04*** 0.04***

(0.01) (0.01) (0.01) (0.01) (0.01)
Log (PEC) 0.26**

(0.12)
Log (indice HH) 0.24**

(0.10)
Log (ID - centre) 0.04***

(0.02)
Log (ID - aires urbaines) 0.06**

(0.03)
Année 1999 Référence Référence Référence Référence Référence
Année 2007 0.11*** 0.12*** 0.12*** 0.11*** 0.11***

(0.01) (0.01) (0.01) (0.01) (0.01)
Année 2014 0.24*** 0.24*** 0.25*** 0.24*** 0.23***

(0.02) (0.02) (0.02) (0.02) (0.02)

Effet fixe Aire urbaine OUI OUI OUI OUI OUI
Observations 1 781 1 781 1 781 1 781 1 781
Adj. R-squared 0.69 0.69 0.69 0.69 0.69

Notes : Estimations des Moindres Carrés Ordinaires; les écart-types sont clusterisés au niveau des aires urbaines (594

clusters) et reportés entre parenthèses ; PEC : Part de l’emploi de la commune centre, Indice HH : concentration des

emplois dans l’aire urbaine, ID-Centre : Indice de dissimilarité emplois-population dans la commune centre et ID-Aire

urbaine : indice de dissimilarité emplois-population au sein de l’aire urbaine ; *** p<0.01, ** p<0.05, * p<0.1 ; Source :

recensements de la population de 1999, 2007 et 2014 INSEE ; Odomatrix 1990-2014, UMR1041 CESAER INRA.

jeunes diplômés n’ont pas forcément la capacité d’acquérir ou de louer un bien immobilier

dans les centres des aires urbaines au début de leur carrière les contraignant à se localiser

loin de leur lieu d’emploi (Huber, 2014).

Ensuite, nous testons nos résultats en utilisant une variable décalée des flux de trans-
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port collectif pour chaque année. Nous ne disposons que des flux de transport collectif

en 1999, 2007 et 2014. L’année 1999 est prise comme référence pour l’année 2007 et la

variable des flux de 2007 pour l’année 2014. Donc, nous intégrons la variable décalée de

la part du transport collectif dans les flux totaux pour les années 2007 et 201412. Dans

cette analyse, nous considérons que le réseau de transport collectif en année 1999 est plus

susceptible d’avoir un impact sur les distances domicile-travail huit ans plus tard. En effet,

les réseaux routiers et ferroviaires sont des infrastructures nécessitant des investissements

de long terme (Small et Verhoef, 2007). La répartition de l’utilisation des deux modes

de transport (moyens privés et collectifs) dépend non seulement de la forme urbaine mais

aussi de la présence d’alternatives et d’un réseau de transport collectif bien développé

(Priemus et al., 2001). La part des transports collectifs dans les flux totaux de 2007 est

utilisé en contrôle pour expliquer les distances parcourues domicile-travail en 2014. En

effet, on sait qu’un ménage prenant les transports en communs allonge son temps de trajet

du fait des temps d’attente et des nombreux arrêts contrairement aux trajets porte-à-porte

en voiture (Small et Verhoef, 2007 ; Mirabel et Raymond, 2013).

Les tableaux 3.6 et 3.13 reportent les résultats de cette analyse avec le nombre de

communes constante et variable, tout en incluant la part décalée des flux de transport

collectif pour 2007 et 2014 (Annexe C). L’année 1999 n’est pas prise en compte puisque

nous ne nous disposons pas de la part des flux de transports collectifs en 1990. Nous

retrouvons les mêmes résultats pour les deux analyses, à savoir les effets positifs d’une

augmentation de la ségrégation de la population par rapport aux lieux d’emplois sur les

distances moyennes domicile-travail (élasticités de 0,07 et de 0,10). Par rapport aux deux

analyses précédentes, cela donne une augmentation de 0,03 (0,04) point pour l’élasticité

entre l’indice de dissimilarité emplois-population dans la commune centre (au sein de l’aire

urbaine) et les distances moyennes domicile-travail. Une des différences remarquable est

l’absence de significativité de la part des emplois dans chaque commune centre et de l’indice

de concentration des emplois au sein de chaque aire urbaine. Concernant la variable de

contrôle de population totale par aire urbaine, la relation est négative et stable sur les

deux analyses (de -0,44% à -0,50%) avec la variable d’intérêt. Enfin, la variable décalée

de la part des transports collectifs dans les flux totaux. annule l’effet positif lorsque l’on

travaille à nombre de communes constante et à nombre de commune variable. Lorsque

l’on laisse le nombre de communes varier dans le temps, l’étalement urbain devrait rendre

significatif l’allongement des distances domicile-travail mais ce n’est pas le cas avec les

variables décalées du transport collectif. Cela démontre que les infrastructures liées aux

transports collectifs n’ont pas subi de changements majeurs entre 1999 et 2014. Puis nous

12Pour une année t, on utilise la part des flux de transport collectif de l’année t − x avec x égal à 7
quand t = 2014 et x = 8 quand t = 2007.
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Table 3.6: Impact des formes urbaines sur les distances routières moyennes domicile-travail
(pondérées par tous les flux de transport), Référence : Communes et superficie de 1999.
Variable dépendante (1) (2) (3) (4) (5)
Log (distance moyenne domicile-
travail)

Log (population) -0.50*** -0.50*** -0.50*** -0.46*** -0.44**
(0.17) (0.17) (0.17) (0.17) (0.18)

Log (âge moyen des actifs) -0.60 -0.61 -0.62 -0.76 -0.71
(0.08) (0.08) (0.08) (0.08) (0.09)

Log (part des femmes actives) -0.24 -0.25 -0.25 -0.26 -0.24
(0.29) (0.29) (0.28) (0.28) (0.28)

Log (part des flux de transport
public t-x )

0.02 0.02 0.02 0.01 0.01

(0.03) (0.03) (0.03) (0.02) (0.02)
Log (PEC) 0.13

(0.18)
Log (Indice HH) 0.15

(0.14)
Log (ID - centres) 0.07**

(0.03)
Log (ID - aires urbaines) 0.10**

(0.05)
Année 2007 Référence Référence Référence Référence Référence
Année 2014 0.14*** 0.14*** 0.14*** 0.15*** 0.14***

(0.03) (0.03) (0.03) (0.03) (0.03)
Effet fixe Aire urbaine OUI OUI OUI OUI OUI
Observations 1 175 1 175 1 175 1 175 1 175
Adj. R2 0.60 0.60 0.60 0.61 0.61
Notes : Estimations des Moindres Carrés Ordinaires; toutes les régressions comprennent des constantes ; les écart-types

sont clusterisés au niveau des aires urbaines (594 clusters) et reportés entre parenthèses ; PEC : Part de l’emploi de la

commune centre, Indice HH : concentration des emplois dans l’aire urbaine, ID-Centre : Indice de dissimilarité

emplois-population dans la commune centre et ID-Aire urbaine : indice de dissimilarité emplois-population au sein de l’aire

urbaine ; *** p<0.01, ** p<0.05, * p<0.1. Source : recensements de la population de 1999, 2007 et 2014 INSEE ;

Odomatrix 1990-2014, UMR1041 CESAER INRA.

nous intéressons au cas où l’on laisse les variations observées du nombre de communes

depuis 1999 au sein des aires urbaines tout en conservant la variable décalée de la part des

flux de transport collectif en tableau 3.8 (Annexe D).

Les colonnes (4) et (5) des tableaux 3.6, 3.13 et 3.14 sont révélatrices de l’importance

de nos indices de dissimilarité emplois-population pour lesquels on attendait un effet posi-

tif et significatif (voir annexes C et D). En effet, intuitivement, plus la commune centre et

les aires urbaines sont dissimilaires en ce qui concerne la répartition des lieux d’emplois
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et de résidences, plus la distance domicile-travail augmenterait toutes choses égales par

ailleurs. Les élasticités sont comprises entre 0,04 et 0,07 pour la relation entre l’indice

de dissimilarité emplois-population pour les communes centres avec la variable d’intérêt.

Concernant l’indice au sein des aires urbaines, les élasticités sont comprises entre 0,06 et

0,10. Notons la forte stabilité de ces élasticités pour les trois dernières analyses lorsque

l’année 1999 est absente mais que le périmètre et le nombre de communes des aires urbaines

est constant. La dernière analyse nous sert à tester la stabilité des coefficients avec un

nombre de communes variable et la part des flux de transports collectifs à chaque date t.

Nous retrouvons une élasticité positive de 0,06 entre la part des flux de transport collectifs

et les distances moyennes parcourues domicile-travail. Nos résultats viennent confirmer

le rôle de la densité de population communément admise dans la littérature (Duranton

et Turner, 2017 ; Blaudin de Thé et al., 2018). Ils mettent en lumière également la

nécessité de prendre en compte l’organisation spatiale de la ville par la répartition des

zones d’activité économique et résidentielle.

Analyse contrefactuelle simple de l’évolution des distances moyennes domicile–

travail. Dans cette dernière analyse, nous estimons dans un premier temps les distances

moyennes domicile-travail au niveau de chaque aire urbaine en reprenant la régression

comprenant un indicateur de concentration des emplois de type Herfindahl-Hirschmann:

logDit = β0 + β1logIndiceHHit + γlogZit + µi + λt + ǫit. (3.6)

Les distances prédites sont donc écrites sous la forme suivante:

D̂it = ǫβ̂0IndiceHH β̂1

it Z
γ̂
it (3.7)

Ensuite, l’indice de concentration des emplois est remplacé par un indice de concentration

de la population au sein des aires urbaines. Les coefficients de la régression précédente

sont repris afin d’obtenir une nouvelle prédiction des distances parcourues domicile-travail:

D̂it(IndiceHHpopulation) = ǫβ̂0(IndiceHHpopulation)
β̂1Z γ̂

it. (3.8)

Cette nouvelle prédiction des distances dépendant de la concentration de la population

nous permet de comparer avec celle dépendant de la concentration des emplois:

∆D =
̂Distancesit(IndiceHHpopulation)− ̂Distancesit

̂Distancesit
(3.9)
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Graphiquement, nous représentons l’évolution de la variation des distances moyennes

prédites en fonction de chaque aire urbaine. Sur les trois périodes, les distances prédites

sont plus faibles avec l’indice de concentration de la population. En moyenne, la vari-

ation est de -0,09 et la médiane de -0,08 pour l’ensemble des aires urbaines (écart-type

de 0,06). Ainsi, cela montre que la population est plus dispersée que les emplois au sein

des aires urbaines à l’exception des petites aires urbaines dont le code d’identification

est compris entre 600 et 800. À titre d’exemples, on retrouve Sancerre, Fessenheim et

La Gacilly parmi ces petites aires urbaines composées de deux communes. Lorsque la

 

Figure 3.1: Variation des distances moyennes parcourues domicile-travail prédites par aires
urbaines sur trois périodes (1999, 2007 et 2014).

population est concentrée, les distances domicile-travail devraient diminuer, ce qui est

confirmé dans le cas de nos petites aires urbaines. La concentration des emplois augmente

les distances moyennes domicile-travail au sein d’une aire urbaine alors que la dispersion

de la population permet de les diminuer. En effet, les principaux pôles urbains en France

métropolitaine concentrent en majorité les emplois (voir Annexe B). La population active

se localise autour de ces pôles. Par conséquent, utiliser l’indice de concentration de la

population de type Herfindahl-Hirschmann induit des distances moyennes domicile-travail

prédites plus faibles en moyenne que dans l’estimation principale. Dans un deuxième

temps, nous nous focalisons sur la variation des distances domicile-travail prédites lorsque

l’indice de dissimilarité au sein des aires urbaines est proche de 0 signifiant une répartition
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égalitaire entre le nombre d’emplois et la population de l’aire urbaine. Nous reprenons la

même méthode utilisée précédemment et avons l’estimation suivante:

D̂it(ID − Aireurbaine ≈ 0) = ǫβ̂0(ID − Aireurbaine ≈ 0)β̂1Z γ̂
it. (3.10)

La comparaison avec les valeurs prédites lorsque l’indice de dissimilarité des aires urbaines

varie est calculé de la manière suivante:

∆D =
̂Distancesit(ID − Aireurbaine ≈ 0)− ̂Distancesit

̂Distancesit
. (3.11)

Nous étudions la variation entre une situation où l’ensemble des aires urbaines présente un

indice de dissimilarité fixé à 0,0005924 proche de 0. Cette valeur correspond à l’indice le

plus faible observé dans notre échantillon. Nos résultats se présentent sous la forme d’un

graphique présentant la variation des distances moyennes domicile-travail prédites par

aires urbaines. Nos résultats indiquent clairement qu’une répartition quasiment égalitaire

 

Figure 3.2: Variation des distances moyennes parcourues domicile-travail prédites par aires
urbaines sur trois périodes (1999, 2007 et 2014).

des emplois et de la population est bénéfique dans la réduction des distances moyennes

parcourues domicile-travail. La variation moyenne des distances prédites est de -0,28 et
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la médiane de -0,29. Les données obtenues montrent que les variations des distances

prédites sont en moyenne de -0,30 pour les seize premières aires urbaines correspondant

aux aires métropolitaines incluant Paris. En conclusion, nous pouvons reconnâıtre que

l’organisation spatiale des emplois et de la population a un impact non négligeable sur

les distances domicile-travail. La répartition égalitaire des lieux d’emplois et des lieux

résidentiels aurait un impact substantiel dans la réduction des distances domicile-travail.

Ces éléments justifieraient la mise en place de politiques de décentralisation des emplois

au sein des aires urbaines françaises.
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4 Temps de trajet à l’heure de pointe et formes ur-

baines en 2014

Dans cette section, nous nous intéressons à trois variables clés : le temps de trajet moyen

domicile-travail en heure de pointe, la distance moyenne domicile-travail, ainsi que le

temps de trajet en heure de pointe vers la commune centre du pôle urbain le plus près

de chaque commune de résidence. Nous commençons par une analyse prenant en compte

les aires urbaines françaises métropolitaines de plus de deux communes en 2014. Puis

nous nous focalisons sur l’explication de ces trois variables en considérant les communes

françaises appartenant aux aires urbaines de la première analyse. L’analyse au niveau

des aires urbaines n’apporte pas d’informations exploitables et pertinentes, c’est pourquoi

nous nous concentrons surtout sur l’impact des formes urbaines sur nos trois variables

d’intérêt par commune de résidence.

4.1 Influence de l’aire urbaine

Les trois premières analyses se focalisent sur l’influence de la distribution spatiale des

emplois et des ménages afin d’expliquer les distances et temps de trajet domicile-travail

lors des heures de pointe ainsi que le temps de trajet moyen du lieu de résidence des

ménages au pôle urbain le plus près en heure de pointe. Chaque variable dépendante

est pondérée par les flux totaux de transport (véhicules privés et transports collectifs)

par commune et par aire urbaine. Nous disposons de 11 830 communes appartenant aux

aires urbaines de plus de deux communes (79% de la population française). Le modèle

utilisé pour évaluer les effets des indicateurs de formes urbaines pour les trois régressions

se présente sous une spécification log-log :

logyik = β0 + β1logXik + γZik + λZ
′

ik + µI + ǫik (3.12)

où yik est soit le temps de trajet moyen (en minutes) domicile-travail en heure de pointe,

soit la distance moyenne domicile-travail, soit le temps de trajet moyen domicile-pôle ur-

bain le plus près de la commune de résidence k au sein de chaque aire urbaine i. Xik

représente le vecteur de nos indicateurs caractérisant la forme urbaine de l’aire i utilisés

précédemment. Le vecteur des variables de contrôle Zik concerne l’échelle communal (part

de femmes actives, part des flux de transport collectif, âge moyen des actifs et distance

au pôle urbain de mon aire urbaine). Le vecteur des autres variables de contrôle Z
′

ik

concerne l’échelle de l’aire urbaine (superficie totale de l’aire urbaine, population, nombre

de communes, âge moyen des actifs et part des flux de transport collectif). Enfin, I est
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le vecteur des variables discrètes de classes d’aire urbaine (aire urbaine de Paris, aires

urbaines métropolitaines, grandes aires urbaines et autres aires urbaines). Les petites et

moyennes aires urbaines sont prises comme référence dans nos trois analyses subséquentes

et ǫik sont les termes d’erreur.

Le temps de trajet moyen domicile-travail en heure de pointe. Dans la première

analyse, nous nous intéressons à l’impact des formes urbaines sur le temps de trajet moyen

domicile-travail en heure de pointe observé par commune de résidence: Il est important

de retenir que ce temps de trajet est obtenu en prenant en compte les caractéristiques

du réseau de transport de chaque commune et donc de chaque aire urbaine: longueur

des routes, tronçons et arcs. Le lieu de résidence et le lieu d’emploi sont connus d’après

le recensement de la population de 2014. Xik est le vecteur de nos quatre formes ur-

baines : part des emplois dans la commune centre de l’aire urbaine, concentration des

emplois mesuré par l’indice Herfindahl-Hirschmann au sein de l’aire urbaine, indices de

dissimilarité emplois-population au sein de la commune centre et de l’ensemble de chaque

aire urbaine. Zik est le vecteur de quatre variables de contrôle observées au niveau de

chaque commune de résidence. Nous utilisons la part des femmes actives ayant un emploi

et résidant dans la commune k de l’aire urbaine i, la part des flux de transport collectif

que nous considérons comme un substitut dans chaque commune k qui dépend de l’offre

disponible en 2014, l’âge moyen des actifs habitant dans chaque commune k, la distance

kilométrique à la commune centre de l’aire urbaine qui peut héberger la majorité des em-

plois de l’aire urbaine i et une variable discrète caractérisant la commune centre en tant

que lieu de résidence.

Les coefficients γ mesurent l’impact des formes urbaines sur les temps de trajet moyen

domicile-travail par commune toutes choses égales par ailleurs, notamment l’appartenance

à une classe d’aire urbaine spécifique. Nos résultats sont reportés dans la table 8. En ce

qui concerne nos variables explicatives, les résultats obtenus sont cohérents. Le fait d’avoir

des lieux de travail concentrés au sein de l’aire urbaine implique des temps de trajet plus

longs car les actifs vont se diriger vers le ou les principaux lieux d’emplois créant plus de

congestion sur le réseau de transport. Augmenter de 10% la concentration des emplois

au sein d’une aire urbaine est associé à un temps de trajet moyen en heure de pointe

0,5% plus longs (colonne 3). L’influence de la part de l’emploi dans la commune centre

d’une aire urbaine mène au même résultat. En effet, une augmentation de 10% de la part

des emplois situés dans le centre de l’aire urbaine donne un coefficient positif de 0,7% du

temps de trajet moyen en heure de pointe par commune (colonne 2). Avoir un nombre plus
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important d’emplois par rapport à la population dans cette commune centre amènerait

à des temps de trajet moyens domicile-travail en heure de pointe plus longs également.

L’impact est néanmoins plus faible car une dissimilarité plus importante de 10% ne donne

qu’une élévation du temps de trajet avec une élasticité faible de 0,2% (colonne 4).

L’augmentation de la concentration des emplois au sein d’une aire urbaine implique bien

des temps de trajet en heure de pointe plus important. L’effet est positif mais plus faible

concernant une augmentation de la proportion d’emplois par rapport à la population dans

la commune centre d’une aire urbaine. La ségrégation des emplois et des populations au

niveau de l’aire urbaine ne révèle pas d’effets permettant de diminuer ou d’augmenter

de manière significative le temps de trajet moyen domicile-travail en heure de pointe des

habitants de chaque commune. L’absence d’impact peut être expliquer par deux effets

contraires. Un problème de non appariement est possible entre le lieu de résidence et le

lieu d’emploi de nombreux résidents (c.-à-d. résider près de son emploi) au sein d’une aire

urbaine en 2014 qui augmenterait leur temps de trajet moyen (Aguiléra, 2005). Cet effet

peut être également contrebalancé par une ségrégation plus forte entre les bassins d’emploi

et de vie qui aurait pour conséquence de rapprocher les lieux d’emplois des actifs qui en

étaient très éloignés initialement. Les coefficients λ mesurent les effets des variables de

contrôle. On retrouve l’impact positif des flux de transport collectif au niveau communal

car cela implique un trajet plus long dépendant du réseau et de la qualité du service. Si

les flux de transport collectif augmente de 10% par commune, le coefficient est de 0,3%

pour toutes les spécifications (colonnes 1 à 5). Quand on contrôle par la même variable au

niveau de l’aire urbaine, on retrouve le même effet positif attendu ; une augmentation des

flux de 10% est liée à un temps de trajet domicile-travail plus long de 0,2%. Mais quand

on introduit la variable discrète indiquant si l’on se situe dans une commune centre d’une

aire urbaine ou non, l’effet n’est plus significatif dans le cas des spécifications (2) et (3)

avec les indicateurs de concentration des lieux d’emplois au sein de la commune centre et

de l’aire urbaine. Au niveau communal, les transports collectifs sont des substituts des

autres modes de transport et induisent une augmentation du temps de trajet domicile-

travail alors qu’au niveau agrégé, les modes sont complémentaires. Une augmentation

des flux de transport collectif n’induit pas d’augmentation des temps de trajet domicile-

travail. Le fait de concentrer les emplois dans la commune centre de l’aire urbaine révèle

une meilleure accessibilité aux pôles urbains par un meilleur réseau de transport (CGDD,

2010). Toutes choses égales par ailleurs, nous montrons que plus un actif réside loin de la

commune centre de l’aire urbaine, plus le temps de trajet domicile-travail est long. En effet,

pour l’ensemble des spécifications, une augmentation de 10% de la distance kilométrique

au centre est associé à un allongement du temps de trajet moyen domicile-travail de 1,8%.
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Table 3.7: Impact des formes urbaines sur le temps de trajet moyen domicile-travail en
heure de pointe (pondéré par tous les flux de transport) : Estimations MCO.

Variable dépendante (1) (2) (3) (4) (5)
Log (Temps de trajet domicile-travail)
Variables de contrôle communales

Log (part des femmes actives) -0.08*** -0.09*** -0.09*** -0.08*** -0.08***
(0.04) (0.04) (0.04) (0.04) (0.04)

Log (âge moyen des actifs) 0.62*** 0.61*** 0.60*** 0.62*** 0.63***
(0.06) (0.06) (0.06) (0.06) (0.06)

Log (part des flux de transports collectifs) 0.03** 0.03*** 0.03*** 0.03** 0.03**
(0.004) (0.004) (0.004) (0.004) (0.004)

Log (distance kilométrique au centre) 0.18*** 0.18*** 0.18*** 0.18*** 0.18***
(0.01) (0.005) (0.005) (0.005) (0.005)

Commune Centre 0.80*** 0.80*** 0.80*** 0.81*** 0.80***
(0.04) (0.04) (0.04) (0.04) (0.04)

Variables de contrôle aire urbaine

Log (superficie) 0.01* -0.004 -0.003 0.01 0.01*
(0.01) (0.01) (0.01) (0.01) (0.01)

Log (population) 0.05*** 0.07*** 0.07*** 0.06*** 0.05***
(0.01) (0.01) (0.01) (0.01) (0.01)

Log (nombre de communes) -0.06*** -0.06*** -0.06*** -0.07*** -0.06***
(0.01) (0.01) (0.01) (0.01) (0.01)

Log (âge moyen des actifs) -0.27 -0.27 -0.26 -0.18 -0.29
(0.26) (0.26) (0.26) (0.26) (0.26)

Log (part des flux de transports collectifs) 0.02** 0.01 0.01 0.02*** 0.02*
(0.01) (0.01) (0.01) (0.01) (0.01)

Autres aires urbaines Référence Référence Référence Référence Référence
Grandes aires urbaines 0.03*** 0.04*** 0.04*** 0.03*** 0.03***

(0.01) (0.01) (0.01) (0.01) (0.01)
Aires urbaines métropolitaines 0.03** 0.04** 0.04** 0.03** 0.03*

(0.02) (0.02) (0.02) (0.02) (0.02)
Aire urbaine de Paris -0.06** -0.07** -0.06** -0.07** -0.06**

(0.03) (0.03) (0.03) (0.03) (0.03)
Log (PEC) 0.07***

(0.01)
Log (Indice HH) 0.05***

(0.007)
Log (ID - centre) 0.02***

(0.005)
Log (ID - aires urbaines) -0.02

(0.01)
Observations 11 830 11 830 11 830 11 830 11 830
Adj. R2 0.43 0.43 0.43 0.43 0.43

Notes : les écart-types sont clusterisés au niveau des communes (11 830 clusters) et reportés entre par-

enthèses ; PEC : Part de l’emploi de la commune centre, Indice HH : concentration des emplois dans

l’aire urbaine, ID-Centre : Indice de dissimilarité emplois-population dans la commune centre et ID-Aire

urbaine : indice de dissimilarité emplois-population au sein de l’aire urbaine ; *** p<0.01, ** p<0.05,

* p<0.1. Source : recensements de la population de 1999, 2007 et 2014 INSEE ; Odomatrix 1990-2014,

UMR1041 CESAER INRA.

Les caractéristiques socio-économiques ont également un rôle non négligeable. Dans la

table 8, nous pouvons remarquer que plus les actifs sont âgés, plus ils résident loin de leur

lieu d’emploi. Une augmentation de l’âge moyen des actifs au niveau communal de 1%

est associé à une augmentation du temps de trajet moyen de 0,60% (colonne 2) à 0,63%

(colonne 4). Le statut marital et la composition d’un ménage évolue avec le temps avec

le besoin de choisir un logement plus grand quand la famille s’agrandit. Le patrimoine
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s’accumule progressivement avec le temps. Les moyens financiers sont plus important et

permettent d’acheter ou de louer un bien de grande taille et plus éloigné du centre de l’aire

urbaine même si les coûts de transport s’accroissent (Gautier et al., 2010). En outre, les

femmes actives se localisent plus près de leur lieu d’emploi que les hommes. Une aug-

mentation de 10% de la part de femmes actives résidant dans une commune est associé

à une diminution de -0,8% (colonne 1) à -0,9% (colonne 3) du temps de trajet moyen

domicile-travail.

Au niveau des structures spatiales des aires urbaines, les estimations montrent que plus la

superficie et la population augmente, plus le temps de trajet est rallongé. L’aire urbaine

est plus étendue et une augmentation de la densité implique un plus grand nombre de

personnes empruntant les réseaux de transport. L’augmentation du nombre de communes

dans une aire urbaine induit contre-intuitivement une diminution des temps de trajet

moyens domicile-travail. Une explication possible est qu’une commune implique des em-

plois publics et privés présentiels. À titre d’exemples, on retrouve notamment les services

publics non délocalisables liés au système éducatif et la création de zones résidentielles.

Autant l’étalement urbain induit logiquement une augmentation des distances et des temps

de trajet domicile-travail en heure de pointe, autant une augmentation du nombre de com-

munes n’implique pas que la seule extension de superficie. Par ailleurs, il est possible aussi

que l’effet soit capté par la population et/ou la superficie. Le type de commune et l’aire

urbaine dans lesquelles les ménages résident ont un rôle significatif. Résider au sein de

grandes aires urbaines et d’aires métropolitaines est synonyme d’un temps de trajet plus

élevé.
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Distance moyenne domicile-travail. Dans la seconde analyse, nous nous focalisons

sur l’explication des distances moyennes parcourues domicile-travail par commune. Ces

distances sont pondérées par tous les flux de transport au niveau communal. Les car-

actéristiques du réseau de transport sont prises en compte dans le calcul de ces distances.

L’objectif est de retrouver les mêmes influences de nos mesures de formes urbaines ob-

servées sur trois périodes dans la section 3. Nos indicateurs de forme urbaine ont le même

Table 3.8: Impact des formes urbaines sur la distance moyenne domicile-travail : Estima-
tions MCO.

Variable dépendante (1) (2) (3) (4) (5)
Log(Distance domicile-travail)
Variables de contrôle communales

Log (part des femmes actives) -0.05 -0.05 -0.05 -0.05 -0.05
(0.05) (0.05) (0.05) (0.05) (0.05)

Log (âge moyen des actifs) 0.51*** 0.49*** 0.49*** 0.52*** 0.53***
(0.08) (0.08) (0.08) (0.08) (0.08)

Log (part des flux de transports collectifs) 0.03*** 0.03*** 0.03*** 0.03*** 0.03***
(0.01) (0.01) (0.01) (0.01) (0.01)

Log (distance kilométrique au centre) 0.30*** 0.30*** 0.30*** 0.30*** 0.30***
(0.00) (0.00) (0.00) (0.00) (0.00)

Commune Centre 1.59*** 1.59*** 1.59*** 1.63*** 1.62***
(0.04) (0.04) (0.04) (0.04) (0.04)

Variables de contrôle aires urbaines

Superficie -0.04*** -0.05*** -0.06*** -0.04*** -0.03***
(0.01) (0.01) (0.01) (0.01) (0.01)

Population -0.05*** -0.02** -0.02** -0.02** -0.04***
(0.01) (0.01) (0.01) (0.01) (0.01)

Log (nombre de communes) -0.03*** -0.02** -0.02** -0.05*** -0.05***
(0.01) (0.01) (0.01) (0.01) (0.01)

Log (âge moyen des actifs) -0.02 -0.01 -0.00 0.31 0.03
(0.31) (0.31) (0.31) (0.32) (0.31)

Log (part des flux de transports collectifs) 0.04*** 0.03*** 0.03*** 0.05*** 0.05***
(0.01) (0.01) (0.01) (0.01) (0.01)

Autres aires urbaines Référence Référence Référence Référence Référence
Grandes aires urbaines 0.04*** 0.04*** 0.04*** 0.04*** 0.04***

(0.01) (0.01) (0.01) (0.01) (0.01)
Aires urbaines métropolitaines 0.06*** 0.07*** 0.06*** 0.07*** 0.07***

(0.02) (0.02) (0.02) (0.02) (0.02)
Aire urbaine de Paris 0.13*** 0.12*** 0.12*** 0.09*** 0.13***

(0.03) (0.03) (0.03) (0.03) (0.03)
Log (PEC) 0.07***

(0.01)
Log (Indice HH) 0.04***

(0.01)
Log (ID - centre) 0.05***

(0.01)
Log (ID - aires urbaines) 0.06***

(0.01)
Observations 11 830 11 830 11 830 11 830 11 830
Adj. R2 0.24 0.25 0.25 0.25 0.25

Notes : Estimations des Moindres Carrés Ordinaires ; les écart-types sont clusterisés au niveau des communes (11 830

clusters) et reportés entre parenthèses ; PEC : Part de l’emploi de la commune centre, Indice HH: concentration des emplois

dans l’aire urbaine, ID-Centre : Indice de dissimilarité emplois-population dans la commune centre et ID-Aire urbaine :

indice de dissimilarité emplois-population au sein de l’aire urbaine ; *** p<0.01, ** p<0.05, * p<0.1. Source : recensements

de la population de 1999, 2007 et 2014 INSEE ; Odomatrix 1990-2014, UMR1041 CESAER INRA.

impact qualitatif que dans l’analyse de 1999 à 2014. Une augmentation de la concentration

des emplois et une plus forte ségrégation entre les lieux résidentiels et les lieux d’emploi
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sont associées à une augmentation de la distance moyenne parcourue domicile-travail dans

chaque commune. Une augmentation de 10% de la part des emplois dans la commune cen-

tre de l’aire urbaine est associé à une augmentation des distances domicile-travail de 0,7%

(colonne 2). Une augmentation de la concentration des emplois de 10% dans chaque aire

urbaine donne un coefficient à une augmentation de 0,5% des distances moyennes domicile-

travail (colonne 3). On observe le même ordre de grandeur des effets marginaux lorsque la

dissimilarité augmente entre les zones d’emplois et résidentielle. Quant on s’intéresse aux

caractéristiques socio-économiques, on retrouve l’effet cycle de vie significatif, c’est-à-dire

que plus l’âge moyen des actifs augmente, plus les distances domicile-travail augmentent.

Dans cette table, on peut voir qu’une augmentation de 1% de l’âge moyen des actifs est

associé à une élévation de 0,49% à 0,53% des distances domicile-travail.

Les variables de contrôle au niveau communal donne les mêmes résultats que dans la

régression précédente concernant la distance kilométrique à la commune centre du pôle

urbain. La distance moyenne domicile-travail augmente avec l’âge moyen des actifs dans

une commune. La part des transports collectifs dans les flux accrôıt les distances moyennes

domicile-travail (colonne 1 à 5). L’effet marginal du nombre de communes est négatif

sur les distances moyennes domicile-travail: augmenter le nombre de communes implique

également la création de zones d’activités économiques et donc une relocalisation d’emplois.

De plus, cela capture également que le réseau routier est également présent dans une nou-

velle commune permettant une accessibilité aux différent lieux pré-cités. On peut noter que

vivre dans une commune centre augmente les distances domicile-travail de 1,6 kilomètre.

Au niveau de l’aire urbaine, un des éléments contre-intuitif est que l’effet d’une augmenta-

tion de 10% de la superficie est associé à une diminution des distances domicile-travail de

-0,3% (colonne 5) à -0,6% (colonne 3). Nous constatons bien que la densification de l’aire

urbaine par l’intermédiaire d’une augmentation de la population diminue également la dis-

tance parcourue (colonne 1 à 5). Pour une augmentation de 10% de la population, l’effet

varie de -0,2% (colonne 4) à -0,5% (colonne 1) toutes choses égales par ailleurs. Enfin, la

classe d’aire urbaine impacte toujours la variable d’intérêt. Résider dans une grande aire

urbaine est lié à une augmentation de 0,04 kilomètre des distances moyennes domicile-

travail, comparé à un accroissement de 0,06 (colonne 1) à 0,07 (colonne 5) kilomètre

pour une commune située dans une aire urbaine métropolitaine. À Paris, l’augmentation

des distances moyennes domicile-travail est de 0,10 (colonne 4) à 0,13 kilomètre (colonne

5). Résider dans l’aire urbaine de Paris implique un coefficient positif sur les distances

moyennes domicile-travail trois fois plus important que dans les grandes aires urbaines.
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Le temps de trajet moyen au pôle urbain le plus près d’une commune de

résidence en heure de pointe. Dans la troisième analyse, nous mesurons l’impact de

nos formes urbaines sur les temps de trajet moyen en heure de pointe entre les localisation

résidentielles et les communes centres des pôles urbains les plus près. Nous cherchons à

trouver les déterminants de la congestion urbaine dans l’accès aux centres-villes pour tous

motifs de déplacement. Le temps de trajet moyen au pôle urbain le plus près de chaque

commune de résidence est pondéré par tous les flux de transport au niveau communal.

Nos indicateurs de formes urbaines nous donnent des résultats opposés. D’une part, nous

remarquons qu’une augmentation de 10% de la part des emplois dans une commune cen-

tre est associée à un allongement du temps de trajet de 0,2%. Le fait de concentrer

spécifiquement les emplois dans la commune centre ne peut que rediriger des trajets vers

ces lieux et par conséquent entrâıner une augmentation des flux de véhicules induisant

des temps de trajet plus longs. D’autre part, nos indices de dissimilarité donnent un effet

contraire. Le fait d’avoir une proportion plus importante de population ou d’emplois dans

la commune centre implique donc au moins une baisse d’un motif de déplacement étant

donné que nous nous intéressons à tous les flux de déplacement entre chaque commune

et la commune centre de l’aire urbaine. Par conséquent, cela peut expliquer qu’une aug-

mentation de 1% de la dissimilarité est associé à une diminution de -0,03% du temps de

trajet moyen en heure de pointe. L’effet est donc d’autant plus fort au niveau de l’aire

urbaine car la dissimilarité va entrâıner une nouvelle répartition des flux liée aux nouvelles

localisations des emplois et de la population.

En ce qui concerne les variables de contrôle communal, on retrouve un effet important

d’une des variables socio-économiques. Les femmes actives résideraient plus près des com-

munes centres. Une augmentation de 10% de la part des femmes actives est associé à une

diminution de -0,1% des temps de trajet moyens en heure de pointe mais les coefficients ne

sont pas significatifs. Par contre, nous retrouvons l’effet du cycle de vie attendu. Une aug-

mentation de 10% de l’âge moyen des actifs donne un coefficient positif de 3,4% (colonne

5) à 3,7% (colonne 1). Etre localisé loin de la commune centre entrâıne également des

temps de trajet moyens plus longs. Une augmentation de 10% de la distance kilométrique

à la commune centre du pôle le plus près d’une commune de résidence est associé à une

augmentation de 6,4% (colonnes 1 à 5) des temps de trajet moyens. Une part plus im-

portante de flux de transport en commun au niveau communal implique des temps de

trajet plus long à l’exception du cas où la dissimilarité au sein de la commune centre est
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Table 3.9: Impact des formes urbaines sur les temps de trajet moyens domicile-pôle urbain.
Variable dépendante (1) (2) (3) (4) (5)
Log(Temps de trajet pôle urbain)
Variables de contrôle communales

Log (part des femmes actives) -0.01 -0.01 -0.01 -0.09 -0.01
(0.02) (0.02) (0.02) (0.02) (0.02)

Log (âge moyen des actifs) 0.37*** 0.37*** 0.37*** 0.37*** 0.34***
(0.04) (0.04) (0.04) (0.04) (0.04)

Log (part des flux de transports collectifs) 0.07*** 0.03*** 0.03*** 0.03*** 0.03***
(0.00) (0.00) (0.00) (0.00) (0.00)

Log (distance kilométrique au centre) 0.64*** 0.64*** 0.64*** 0.64*** 0.64***
(0.00) (0.00) (0.00) (0.00) (0.00)

Variables de contrôle aire urbaine

Log (superficie) 0.07*** 0.06*** 0.06*** 0.07*** 0.06***
(0.01) (0.01) (0.01) (0.01) (0.01)

Log (population) 0.09*** 0.10*** 0.09*** 0.07*** 0.07***
(0.01) (0.01) (0.01) (0.01) (0.01)

Log (nombre de communes) -0.10*** -0.09*** -0.09*** -0.08*** -0.05***
(0.01) (0.01) (0.01) (0.01) (0.01)

Log (âge moyen des actifs) 1.08*** 1.08*** 1.08*** 0.90*** 0.90***
(0.18) (0.19) (0.19) (0.18) (0.18)

Log (part des flux de transports collectifs) -0.01 -0.01** -0.01** -0.01** -0.03***
(0.01) (0.01) (0.01) (0.01) (0.01)

Autres aires urbaines Référence Référence Référence Référence Référence
Grandes aires urbaines 0.14*** 0.15*** 0.15*** 0.14*** 0.14***

(0.01) (0.01) (0.01) (0.01) (0.01)
Aires urbaines métropolitaines 0.16*** 0.16*** 0.16*** 0.16*** 0.15***

(0.01) (0.01) (0.01) (0.01) (0.01)
Aire urbaine de Paris 0.08*** 0.08*** 0.08*** 0.11*** 0.11***

(0.02) (0.02) (0.02) (0.02) (0.02)
Log (PEC) 0.02***

(0.01)
Log (Indice HH) 0.02***

(0.00)
Log (ID - centre) -0.03***

(0.01)
Log (ID - aires urbaines) -0.13***

(0.04)
Observations 11 207 11 207 11 207 11 207 11 207
Adj. R2 0.91 0.91 0.91 0.91 0.91

Notes : Estimations des Moindres Carrés Ordinaires ; les écart-types sont clusterisés au niveau des communes (11 207

clusters) et reportés entre parenthèses ; PEC : Part de l’emploi de la commune centre, Indice HH : concentration des emplois

dans l’aire urbaine, ID-Centre : Indice de dissimilarité emplois-population dans la commune centre et ID-Aire urbaine :

indice de dissimilarité emplois-population au sein de l’aire urbaine ; *** p<0.01, ** p<0.05, * p<0.1. Source : recensements

de la population de 1999, 2007 et 2014 INSEE ; Odomatrix 1990-2014, UMR1041 CESAER INRA.

introduite.

Au niveau de l’aire urbaine, l’effet d’une augmentation de la part des transports col-

lectifs est également faible. Une part plus importante des flux de transport collectif de

10% est associé à une diminution de 0,1% du temps de trajet moyen au pôle urbain le plus

près de la commune de résidence. Il n’y a pas d’effet significatif du coefficient lorsque les

indicateurs de forme urbaine ne sont pas introduits. Ce résultat reflèterait une meilleure

accessibilité en transport en commun pour les trajets vers les communes centres. Aug-

menter la superficie de l’aire urbaine donne un coefficient positif pour l’allongement des

temps de trajet vers les communes centres. Et une augmentation de la population dans
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chaque aire urbaine est associé à une diminution des temps de trajet moyens vers les com-

munes centres toutes choses étant égales par ailleurs. Une augmentation du nombre de

communes de 10% est liée à une diminution du temps de trajet moyen vers le pôle urbain

de -0,50% (colonne 5) à -1,0% (colonne 1). L’effet peut être capté par la population et/ou

la superficie. Nous retrouvons l’effet du cycle de vie qui est associé à un coefficient fort

avec le contrôle par l’âge moyen des actifs au niveau de l’aire urbaine. En effet, une aug-

mentation de 10% est associée à un accroissement de 9,0% (colonne 5) à 10,8% (colonne

1) du temps de trajet moyen vers le pôle urbain le plus près de la commune de résidence.

Enfin, les classes d’aire urbaine jouent toujours un rôle important. Résider dans une

grande aire urbaine augmenterait de 1,5% le temps de trajet moyen en heure de pointe

vers le pôle urbain. Résider dans une aire métropolitaine augmenterait de 1,6% (colonne

1) ce temps de trajet moyen, quasiment autant que dans une grande aire. Enfin, vivre

dans l’aire urbaine de Paris augmente ce temps de trajet moyen de 0,8% (colonne 1) à

1,1% (colonne 4) par rapport à un résident d’une autre aire urbaine, un effet légèrement

plus faible par rapport à une grande aire urbaine.
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4.2 Niveau communal

Dans cette partie, nous testons deux nouveaux indicateurs de distribution spatiale des

emplois pour expliquer les temps de trajet moyen domicile-travail en heure de pointe,

distance moyenne domicile-travail ainsi que le temps de trajet moyen entre le lieu de

résidence et le pôle urbain le plus près du domicile.

La mesure des indicateurs de distribution spatiale des emplois au niveau com-

munal. Le premier indicateur est le ratio emploi/population pour chaque commune ap-

partenant à une aire urbaine de plus de deux communes.

RatioEmploiik =
Emploiik

Populationactiveik
(3.13)

où k correspond à la commune et i à l’aire urbaine dans laquelle la commune se situe.

Emploiik est le nombre d’emplois total dans une commune k d’une aire urbaine i en 2014

et Populationik est la population totale de la commune k. Nous nous attendons à ce

que l’impact de cette variable soit négatif et significatif. Une augmentation de ce ratio

devrait diminuer les distances et temps de trajet domicile-travail. Le deuxième indicateur

représente le poids d’une commune comme zone d’activité économique au sein de l’aire

urbaine.

PartEmploiik =
Emploiik
Emploii

(3.14)

où Emploii est le nombre d’emplois total au sein de l’aire urbaine i. La présence de pôle

d’affaires secondaires permet de réduire les distances moyennes domicile-travail au sein

d’une aire urbaine sachant qu’au moins 40% des habitants de chaque commune travaillent

au sein de chaque aire. On s’attend également à un impact négatif sur les distances et

temps de trajet moyens domicile-travail. Le modèle utilisé pour expliquer l’impact de ces

deux variables est de la forme suivante:

logyik = β0 + β1logXik + γZik + µi+ ǫik (3.15)

où yik est soit le temps de trajet moyen domicile-travail en heure de pointe, soit la distance

moyenne domicile-travail, soit le temps de trajet moyen entre la commune de résidence et

la commune centre du pôle urbain le plus près en heure de pointe. Les deux premières

variables d’intérêt sont pondérées par tous les flux de transport de la commune k dans

chaque aire urbaine i. La troisième variable d’intérêt est uniquement pondérée par les

flux de transport de véhicules privés et par les flux de transport collectif. Ainsi, nous

reprenons les mêmes variables que dans l’analyse précédente. C’est l’impact des formes
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communales Xik qui présente un intérêt. Nous avons une spécification log-log pour que

β1 soit une élasticité. Nous contrôlons par des variables communales uniquement (part

des femmes actives, âge moyen des actifs, part des flux de transport collectif, distance

kilométrique au centre). Nous avons rajouté une variable croisée entre la part des flux

de transport collectif et la distance au centre de l’aire urbaine pour chaque commune k.

Nous prenons en compte le fait que plus on réside loin de la commune, moins les actifs

ont accès à un réseau de transport collectif dense. Pour intégrer l’hétérogénéité inobservée

entre les aires urbaines, nous rajoutons un effet fixe µi avec l’aire urbaine de Paris comme

référence. Enfin, ǫik est le vecteur des termes d’erreur.

Table 3.10: Impact des formes urbaines sur les temps de trajet moyens domicile-travail
(pondérés par tous les flux de transport) : Estimations MCO.

Variable dépendante (1) (2) (3)
Log (Temps de trajet domicile-travail)

Log (part des femmes actives) -0.13*** -0.10*** -0.01
(0.04) (0.04) (0.04)

Log (âge moyen des actifs) 0.37*** 0.30*** 0.18***
(0.06) (0.06) (0.06)

Log (part des flux de transports collectifs) -0.002 0.01 0.02***
(0.01) (0.01) (0.01)

Log(distance au centre)xLog(part des flux de transports
collectifs)

0.01*** 0.01*** 0.002

(0.00) (0.00) (0.00)
Log (distance kilométrique au centre) 0.06*** 0.03*** 0.03***

(0.00) (0.00) (0.00)
Ratio emploi/population active -0.12***

(0.00)
Part de l’emploi communal dans l’aire urbaine -0.06***

(0.00)
Observations 11 830 11 795 11 795
Adj. R2 0.53 0.58 0.58
Effet fixe Aire urbaine OUI OUI OUI

Notes : Estimations des Moindres Carrés Ordinaires ; les écart-types sont clusterisés au niveau des communes (11 830

clusters) et reportés entre parenthèses ; *** p<0.01, ** p<0.05, * p<0.1. Source : recensements de la population de 1999,

2007 et 2014 INSEE ; Odomatrix 1990-2014, UMR1041 CESAER INRA.

Temps de trajet moyen domicile-travail en heure de pointe. Nos variables ex-

plicatives sont associées à une diminution du temps de trajet moyen domicile-travail cor-

roborant les résultats de la section 3 et sous-section 4.1. Si de nouvelles zones d’activités

économique émergent avec des créations d’emplois à la clé dans une commune k, certains
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ménages seraient plus près de leur lieu d’emploi. L’augmentation de 10% du ratio em-

ploi/population active dans une commune k est associé à une diminution de 1,2% du temps

de trajet moyen domicile-travail. Le même effet est retrouvé avec le deuxième indicateur.

Une augmentation de 10% de la part de l’emploi dans une commune rapportée au nombre

d’emploi total de l’aire urbaine est associé à une baisse de 0,6% du temps de trajet moyen

vers les lieux d’emplois.

Concernant nos variables de contrôle, nous retrouvons certaines tendances observées dans

nos analyses précédentes concernant les caractéristiques socio-économiques et spatiales

notamment. Une augmentation de 10% de la part des femmes actives dans une commune

est lié à une diminution de 1,0% (colonne 2) à 1,3% (colonne 1) du temps de trajet moyen.

En outre, l’âge moyen des actifs est associé à une augmentation des temps de trajet lié

certainement à une distance domicile-travail plus grande lorsque la génération des actifs

vieillit. Plus on réside loin de la commune centre de l’aire urbaine, plus le temps de trajet

moyen domicile-travail est élevé (colonnes 1, 2 et 3). Les variables de contrôle concernant

les flux de transport collectif donnent un résultat ambigu. Une augmentation des flux de

10% est associée à une augmentation de 0,2% du temps de trajet moyen domicile-travail

avec l’introduction de la part de l’emploi communal. Il n’y a pas d’effet significatif pour

les deux autres spécifications (colonnes 1 et 2). La variable croisée entre la distance au

centre du pôle urbain et les flux de transport collectif donne une augmentation des temps

de trajet domicile-travail lorsque l’on réside loin des communes centres. Si une commune

de résidence héberge peu de zones d’activités économiques, une augmentation des flux de

transport collectif devrait mener à un accroissement du temps de trajet moyen domicile-

travail.

Distance moyenne domicile-travail. Dans la seconde analyse, nous nous intéressons

aux effets de nos indicateurs de forme urbaine sur les distances moyennes domicile-travail.

Une augmentation du poids de l’emploi dans une commune donnée implique une distance

moyenne domicile-travail plus faible. De même, une augmentation de 10% du ratio emploi

sur population active est liée à une diminution de 1,1% des distances moyennes parcourues.

On retrouve la même influence concernant nos variables socio-économiques. La part des

femmes actives est associée à une baisse des distances moyennes domicile-travail. Une aug-

mentation de l’âge moyen des actifs de 10% est liée à une augmentation de 1,5% (colonne

2) à 2,0% des distances domicile-travail à l’exception de la troisième colonne lorsque la

part de l’emploi communal au sein de l’aire urbaine est introduite. Résider loin de la

commune centre implique une distance moyenne parcourue domicile-travail plus élevée

(colonnes 1 et 2). Une augmentation du flux de transport collectif dans une commune de
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Table 3.11: Impact des formes urbaines sur les distances moyennes domicile-travail : Es-
timations MCO.

Variable dépendante (1) (2) (3)
Log (Distances domicile-travail)

Log (part des femmes actives) -0.31*** -0.29*** -0.16***
(0.05) (0.05) (0.05)

Log (âge moyen des actifs) 0.20** 0.15* -0.04
(0.08) (0.08) (0.08)

Log(part des flux de transport collectif) -0.016** -0.007 0.02**
(0.008) (0.008) (0.007)

Log(distance au centre)xLog(part des flux de transports
collectifs)

0.004* 0.005** -0.001

(0.002) (0.002) (0.002)
Log (distance kilométrique au centre) 0.07*** 0.04*** 0.02***

(0.005) (0.005) (0.005)
Ratio emploi/population active -0.11***

(0.005)
Part de l’emploi communal dans l’aire urbaine -0.08***

(0.002)
Observations 11 830 11 795 11 795
Adj. R2 0.23 0.28 0.31
Effet fixe Aire urbaine OUI OUI OUI

Notes : Estimations des Moindres Carrés Ordinaires ; les écarts-types sont clusterisés au niveau des communes (11 830 et

11 795 clusters) et reportés entre parenthèses ; *** p<0.01, ** p<0.05, * p<0.1. Source : recensements de la population de

1999, 2007 et 2014 INSEE ; Odomatrix 1990-2014, UMR1041 CESAER INRA.

résidence est associée à une diminution de la distance domicile-travail mais plus faible de

moitié quand on contrôle par la variable croisée entre la distance au centre et la part des

flux de transport collectif. Les résultats sont ambigus. Soit une commune de résidence est

très près du centre et des lieux d’emplois, ce qui est associé à une diminution du temps

de trajet moyen domicile-travail en heure de pointe lorsque les flux de transport collectif

sont plus importants, soit elle en très éloignée et l’effet en est atténué de 0,05%.

Temps de trajet moyen au pôle urbain le plus près de la commune de résidence

en heure de pointe. Pour la troisième et dernière analyse, nous nous focalisons sur les

impacts de nos formes communales sur le temps de trajet moyen entre le lieu de résidence

et la commune centre du pôle urbain le plus proche. L’effet négatif de nos deux variables

explicatives s’explique notamment par le fait que la majorité des emplois d’une aire ur-

baine (à l’exception de Paris) est souvent localisée dans la commune centre (Annexe B).

Par conséquent, une augmentation de 10% du poids de l’emploi communal par rapport à
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Table 3.12: Impact des formes urbaines sur les temps de trajet moyens domicile-pôle
urbain le plus près : Estimations MCO.

Variable dépendante (1) (2) (3)
Log (Temps de trajet au pôle urbain)
Log (part des femmes actives) -0.43*** -0.42*** -0.32***

(0.03) (0.03) (0.03)
Log (âge moyen des actifs) -0.26*** -0.31*** -0.48***

(0.06) (0.06) (0.05)
Log (part des flux de transports collectifs) -0.20*** -0.19*** -0.16***

(0.01) (0.01) (0.01)
Log(distance au centre)xLog(part des flux de transports
collectifs)

0.05*** 0.05*** 0.04***

(0.005) (0.005) (0.004)
Log (distance kilométrique au pôle urbain) 0.06*** 0.05*** 0.03***

(0.007) (0.007) (0.006)
Ratio emploi/population active -0.06***

(0.004)
Part de l’emploi communal dans l’aire urbaine -0.06***

(0.002)
Observations 11 578 11 543 11 543
R2 0.82 0.82 0.83
Effet fixe Aire urbaine OUI OUI OUI

Notes : Estimations des Moindres Carrés Ordinaires ; les écarts-types sont clusterisés au niveau des communes (11 578

clusters) et reportés entre parenthèses ; *** p<0.01, ** p<0.05, * p<0.1. Source : recensements de la population de 1999,

2007 et 2014 INSEE ; Odomatrix 1990-2014, UMR1041 CESAER INRA.

l’aire urbaine et du ratio emploi/population active dans une commune ”dortoir” est re-

spectivement associée à une diminution de 0,6% du temps de trajet moyen domicile-pôle

urbain.

Concernant nos variables de contrôle socio-économiques et spatiales. Sans surprise, plus

la distance au centre du pôle urbain augmente de 10%, plus le temps de trajet moyen est

associé à une hausse de 0,3% (colonne 3) à 0,6% (colonne 1). Ensuite, si on augmente

de 10% la part de femmes actives dans une commune, le temps de trajet moyen diminue

(colonnes 1 à 3), ce qui sous-entend que les femmes seraient localisées plus près de la com-

mune centre du pôle urbain. On retrouve encore l’effet du cycle de vie bien connu de nos

résultats précédents. Puis, en ce qui concerne la part du transport collectif, on remarque

qu’une augmentation de 10% de la part des flux de transport collectif est associée à une

baisse de -1,6% (colonne 3)à -2,0% (colonne 1) du temps de trajet moyen domicile-pôle ur-

bain. Ceci implique une bonne desserte de la commune centre par le réseau de transport

collectif. Cependant, l’effet est amoindri quand on vit encore plus loin de la commune
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centre (colonnes 1 à 3).

Résultats. En conclusion, nous pouvons observer un effet faible de nos variables ex-

plicatives sur nos variables d’intérêts. Les élasticités varient de 0,02 à 0,07 pour la part

des emplois dans les communes centres, de 0,02 à 0,05 pour l’indice HH, de -0,03 à 0,05

pour l’indice de dissimilarité emplois-population dans les communes centres et de -0,13

à 0,06 pour l’indice de dissimilarité au sein des aires urbaines. Une concentration des

emplois au sein d’une aire urbaine est bien associée à des distances et temps de trajet

moyen domicile-travail plus élevés. Par conséquent, l’inclusion de nos formes urbaines

par commune (ratio emploi/population active et part des emplois communaux) est bien

associée à une diminution de ces distances et temps de trajet domicile-travail par l’effet

de rapprochement des emplois et des ménages.

Parmi les variables socio-économiques, nous retrouvons l’effet du cycle de vie dans l’ensemble

de nos résultats pour l’année 2014. Plus les actifs sont âgés, plus ils sont susceptibles de

vivre loin des communes centres des aires urbaines comme le montre également Gautier et

al., (2010) au Danemark. L’effet du cycle de vie capte le fait d’accumuler du patrimoine

au fil des ans et d’être en couple marié ou non, avec ou sans enfants, avec une demande

d’espace disponible plus forte en périphérie des communes centres (Buisson et Lincot,

2016 ; Gautier et al., 2010). Par conséquent, cela induit que les distances et temps de

trajet moyens domicile-travail s’allongent toutes choses égales par ailleurs. Cependant, les

emplois se délocalisent plus rapidement que les populations (Segal et Steinmeier, 1980).

De manière statique, augmenter la proportion de femmes actives dans une aire urbaine

permet de diminuer les distances et les temps de trajet domicile-travail, un résultat ob-

servé également aux Etats-Unis par l’étude de Gordon et al., (1989) et par Schwanen et

al., (2004b) qui ont analysé les impacts des politiques d’aménagement aux Pays-Bas mises

en place au début des années 2000. Enfin, nous observons bien qu’une diminution de

la densité population dans les villes centres entrâıne de facto un étalement urbain et un

allongement des distances pour les navetteurs (voir Borck, 2016 ; Bertaud et Brueckner,

2005).
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Analyse contrefactuelle simple de l’évolution des temps de trajet et des dis-

tances domicile-travail. Enfin, nous estimons les temps de trajet moyens domicile-

travail de toutes les communes de notre échantillon pour la régression qui inclue le ratio

emploi/population active:

logTik = β0 + β1logRatioEmploiik + γlogZik + µI + ǫik. (3.16)

Nous obtenons les temps de trajet moyen domicile-travail prédit suivants:

T̂ik = eβ̂0RatioEmploiβ̂1

ikZ
γ̂
ik (3.17)

Puis, nous considérons un cas de proportion parfaite entre le nombre d’emplois et le

nombre d’actifs par communes. Nous fixons donc le ratio emploi/population active à 1

pour chaque commune. Nous reprenons les coefficients de la régression afin d’en déduire

une nouvelle équation du temps de trajet moyen domicile-travail dans ce cas:

̂Tempsik(RatioEmploiik = 1) = eβ̂0Z γ̂
ik (3.18)

menant à la comparaison entre les valeurs prédites quand la proportion est parfaite entre

le nombre d’emplois et le nombre d’actifs avec les valeurs prédites dans le cas de ratios

variables et nous analysons nos résultats.

∆T =
̂Tempsik(RatioEmploiik = 1)− ̂Tempsik

̂Tempsik
(3.19)

Nous analysons graphiquement nos résultats ensuite. Le premier graphique représente la

variation entre la valeur prédite du temps de trajet moyen domicile-travail lorsque le ratio

emploi/population active est constant (c.-à-d., égal à 1) et la valeur prédite avec les valeurs

observées variables en fonction de la distance au centre de l’aire urbaine.

Nous pouvons remarquer des variations plus faibles ou plus élevées pour l’ensemble des

communes. Les variations inférieures à 0 impliquent une prédiction d’un temps de trajet

moyen domicile-travail plus faible dans le cas d’un ratio emploi/population active égal à 1

par rapport aux valeurs réellement observées et inversement. Cela montre qu’il est avan-

tageux pour certaines communes d’avoir une proportion égale d’emplois et d’actifs sur leur

territoire contrairement à d’autres. Cela sous-entend des problèmes d’appariement entre

lieux de résidence et lieux d’emplois pour certaines communes même avec un ratio em-

ploi/population active égal à 1. La moyenne et la médiane des variations pour l’ensemble

des communes sont égales à -0,10 et -0,11. Nous pouvons observer sur la figure ci-dessus
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Figure 3.3: Variation du temps de trajet moyen prédit domicile-travail par commune centre
en fonction du rang de chaque aire urbaine.

que plus la distance à la commune centre est importante, plus la variation du temps de

trajet prédit est négative. Plus on est éloigné du centre, plus il est bénéfique d’avoir une

proportion équilibrée d’emplois et d’actifs au sein d’une commune.

Ensuite, nous nous focalisons sur l’évolution de la variation du temps de trajet prédit

en fonction des classes d’aire urbaine où se situe chacune des communes. Chaque aire

est rangé par ordre décroissant de leur taille de population et d’emplois. Concernant les

autres aires urbaines, on peut voir une variation à la baisse au fur et à mesure que la dis-

tance d’une commune au centre du pôle urbain de son aire urbaine augmente. La distance

kilométrique médiane est de 9 et la plus importante est de 41. La variation moyenne est

de -11,0% et la médiane de -12,0%. La valeur la plus faible est de -0,40 et la plus élevée

de 0,33. Concernant les grandes aires urbaines, on note la même variation à la baisse de

temps de trajet moyen domicile-travail prédit par rapport à la situation réelle en 2014.

La distance kilométrique médiane est de 19 et la plus importante est de 64 (écart-type

de 8,90). La variation moyenne est de -10,0% et la médiane de -11,0%. La valeur la plus

faible est de -0,36 et la plus élevée de 0,38 (écart-type de 0,08).

Concernant les aires urbaines métropolitaines incluant également Paris, on note la même

variation à la baisse de temps de trajet moyen domicile-travail prédit par rapport à la

situation réelle en 2014. La distance kilométrique médiane est de 33 et la plus importante
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Figure 3.4: Variation des temps de trajet moyens domicile-travail prédits en fonction de la
distance des communes au centre du pôle urbain par classes d’aires urbaines (Autres aires
urbaines en haut à gauche, grandes aires urbaines en haut à droite et aires métropolitaines
incluant Paris en bas).

est de 108 (écart-type de 21,20). La variation moyenne est de -9,70% et la médiane de

-10,6%. La valeur la plus faible est de -0,36 et la plus élevée de 0,38 (écart-type de -0,08).

Quand on se restreint aux communes centres de toutes les aires urbaines, la situation

s’inverse. En 2014, nos données montrent que les emplois s’y concentrent en majorité (an-

nexe 6.2). Quel que soit le type d’aire urbaine, la moyenne mobile est positive à l’exception

du percentile le plus faible de la distribution (-0,03). Ces aires sont classées parmi les pe-

tites et moyennes aires urbaines. Par conséquent, cela implique qu’un rééquilibrage entre

emplois et population au sein des communes centres des aires urbaines augmenterait les

temps de trajet moyen domicile-travail pour les habitants de ces communes. Ce résultat

est d’autant plus net lorsque nous prenons uniquement les communes centres des aires

métropolitaines françaises.

Ces résultats montrent qu’en moyenne, le temps de trajet prédit domicile-travail dimin-

uerait de 10%. Afin de mesurer l’ampleur de cette politique de relocalisation des emplois

et des populations aboutissant à une répartition homogène, il nous faut réfléchir à trois im-

201



Chapitre 3: Mobilités pendulaires et formes urbaines: cas des aires urbaines françaises métropolitaines

plications. Dans un premier temps, il nous faut évaluer ce que représente cette diminution

de temps de trajet domicile-travail. En 2014, près de 22 millions d’actifs ont un emploi et

se déplacent pour s’y rendre au sein de nos aires urbaines conservées pour l’analyse. Le

temps de trajet moyen domicile-travail en heure de pointe est de 27 minutes par commune

pour un aller-retour. Nous faisons l’hypothèse qu’en moyenne 80% des actifs utilisent

une voiture pour ce type de trajet au niveau national (CGDD, 2010). Par conséquent,

sur l’année 2014, le temps total passé est de 475 millions de minutes par jour travaillé.

En appliquant la diminution moyenne de 10%, on obtient 427,5 millions de minutes, ce

qui représente une économie de 47,5 millions de minutes par jour travaillé. En se basant

sur 1607 heures travaillées chaque année en France pour un temps de travail de 35h par

semaine, on obtient 230 jours travaillés par an en France en 2014. En totalisant sur une

année, l’économie réalisée est de 10,9 milliards de minutes. On peut mesurer ce gain par

un nombre de jours travaillé et la productivité horaire moyenne. La répartition homogène

des emplois et de la population permet de gagner 10 heures par an par personne. En se

basant sur le produit intérieur brut français par habitant de 32641 euros en 2015 selon

l’INSEE, la productivité horaire moyenne est de 20, 3 euros pour un temps de travail de

35h par semaine. Par conséquent, les 10 heures gagnées par habitant donnent un gain de

203 euros produits. Si ce temps était passé à travailler, la congestion urbaine représenterait

donc une perte de 3, 57 milliards d’euros de produits avec une répartition non homogène.

Nous refaisons une analyse contrefactuelle avec la même méthode mais en étudiant la

variation des distances moyennes domicile-travail dans le cas où il y a une proportion

égale entre le nombre d’emplois et la population active dans chaque commune par rapport

à nos valeurs estimées précédentes. Le graphique incluant les autres aires urbaines nous

montre une variation à la baisse des distances parcourues au fur et à mesure qu’augmente

la distance d’une commune au centre du pôle urbain. La variation moyenne est de -9,0%

et la médiane de −10%. La valeur la plus faible est de -0,33 et la plus élevée de 0,34

(écart-type de 0,08). Concernant les grandes aires urbaines, on note la même variation à

la baisse des distances moyennes domicile-travail prédites par rapport à la situation réelle

en 2014. La variation moyenne est de −10, 0% et la médiane de -11,0%. La valeur la plus

faible est de -0,38 et la plus élevée de 0,30 (écart-type de 0,29). On note également une

variation à la baisse pour les aires urbaines métropolitaines incluant également Paris par

rapport à la situation réelle en 2014. La variation moyenne est de -9,0% et la médiane

de -10,0%. La valeur la plus faible est de -0,39 et la plus élevée de 0,52 (écart-type de

0,07). Pour l’ensemble des communes de cette analyse, la distance moyenne domicile-

travail (pondérée par les flux) est de 21,3 kilomètres par habitant par commune pour un

trajet aller-retour, ce qui correspond à 4899 kilomètres parcourus en une année pour 230
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Figure 3.5: Variation des distances moyennes domicile-travail prédites en fonction de la
distance des communes au centre du pôle urbain par classes d’aires urbaines (Autres aires
urbaines en haut à gauche, Grandes aires urbaines en haut à droite et Aires métropolitaines
incluant Paris en bas).

jours travaillés. Au niveau agrégé, cela représente 86 milliards de kilomètres parcourus en

moyenne par l’ensemble des actifs disposant d’un véhicule privé tout en faisant l’hypothèse

qu’ils travaillent 35 heures par semaine. Une baisse de 10% des distances entrâınerait une

économie de 489,9 kilomètres par actif pour une année. Au niveau agrégé, cela correspond

à une diminution de 8,6 milliards de kilomètres parcourus.

Ces analyses contrefactuelles confirment bien qu’une répartition plus homogène des emplois

et des actifs au sein des aires urbaines pourrait réduire en moyenne de 10% les distances

et temps de trajet moyens domicile-travail prédits impliquant des gains de productivité

significatifs. Les communes centres ne sont pas concernées par les évolutions à la baisse

étant donnée qu’elles concentrent les emplois et donc qu’une décentralisation impliquerait

des appariements non optimaux entre les actifs y vivant et les nouveaux lieux d’emplois.
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5 Conclusion

Ce travail apporte de premières réponses quant aux effets des configurations spatiales

des aires urbaines sur les distances moyennes domicile-travail, les temps de trajet moyens

domicile-travail en heure de pointe et les temps de trajet au pôle urbain le plus près

de chaque commune de résidence en période de pointe. Nous avons analysé l’impact

de déterminants spatiaux liés à la localisation des emplois au sein de chaque aire urbaine

française de 1999 à 2014 et pour l’année 2014 comme point focal récent. Nous avons étudié

également les impacts de ces déterminants sur les temps de trajet en heure de pointe entre

le lieu de résidence et le pôle urbain en 2014. Notre analyse statique des déterminants

spatiaux nous indique que l’élasticité de la distance moyenne domicile-travail par rapport

à l’accroissement de la concentration des emplois au sein d’une aire urbaine est comprise

entre 0, 22 et 0, 26, toutes choses étant égales par ailleurs. Augmenter la densité de popu-

lation a le même effet qualitatif à court-terme sur les distances moyennes domicile-travail

mais il ne faut pas négliger les effets de second ordre. En effet, une densité de popu-

lation plus importante implique en retour une augmentation du nombre de navetteurs

entrâınant une dégradation du temps de trajet moyen domicile-travail. Par conséquent,

les entreprises se relocalisent ainsi que des ménages à cause de la congestion urbaine vers

des zones moins denses à la périphérie des vieux centres villes (Louf et Barthelemy, 2013 ;

Schwanen et al., 2004b). Les économies d’agglomération sont un élément moteur pour les

firmes qui se relocalisent ensemble au même endroit, notamment lorsqu’elles font partie

du même secteur (Glaeser, 2012). Cependant, un système urbain polycentrique ne mène

pas forcément à une diminution du temps de trajet, ni de la distance domicile-travail mais

dépend surtout d’une bonne accessibilité de ces lieux d’emploi par les moyens de transport

(Denant-Boemont et al., 2018). De plus, la théorie selon laquelle les citadins résident près

de leur lieu d’emploi est discutée lorsqu’on se retrouve avec des modèles polycentriques

(Aguiléra, 2005; Schwanen et al., 2004b). Nos analyses contrefactuelles montrent cepen-

dant que les valeurs prédites des distances et temps de trajet moyens domicile-travail en

heure de pointe sont plus faibles lorsque la répartition des emplois et de la population

active est identique dans les communes les plus éloignées des communes centres au sein

des aires urbaines. Par conséquent, les économies de temps réalisées peuvent être signi-

ficatives.

Nos analyses en coupe de trois périodes (1999 à 2014) et d’une période (2014) présentent

plusieurs limites quant à la précision de nos estimateurs MCO. La première limite est liée

à un manque d’information. Notre base de données mériterait de contenir des informa-

tions supplémentaires sur la composition des ménages, leur revenu, leur taux d’équipement
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(nombre de voitures...), la présence d’un ou plusieurs garages et de facilité de parking à

la fois sur leur lieu résidentiel mais aussi sur leur lieu de travail. Toutes ces informations

peuvent être incluses dans nos modèles économétriques en tant que contrôles pour tester la

robustesse de nos coefficients associés à nos quatre variables explicatives. En outre, nos es-

timations ne nous permettent pas de déterminer un effet causal de chacune de nos variables

explicatives. Des données individuelles plus fines seraient nécessaires pour chaque année

depuis 1999. Une autre limite est liée à l’endogénéité de nos variables explicatives. La

méthode couramment adoptée dans la littérature est d’instrumenter, c’est-à-dire d’utiliser

une variable instrumentale corrélée à chacune de nos variables explicatives et non corrélée

au terme d’erreurs13. Appliquer la méthode quasi-expérimentale de Duranton et Turner

(2017) nous permettrait de traiter l’endogénéité de nos variables explicatives et mesurer

leurs effets causaux. Utiliser des données géologiques ou des données historiques de la pro-

ductivité des sols pourrait être une solution afin de prédire la répartition des emplois et

de la population dans les zones urbaines. Pour prédire la concentration des emplois dans

les aires urbaines, il serait intéressant d’instrumenter par les valeurs ajoutées au kilomètre

carré d’entreprises historiques.

L’ensemble de nos résultats nous amènent à penser que les politiques publiques en lien avec

l’amélioration des conditions de circulation, la diminution des temps de trajet domicile-

travail et la réduction des émissions de CO2 (Stratégie nationale bas carbone du Ministère

de la Transition Ecologique et Solidaire14) doivent s’attacher en priorité aux trois variables

clés suivantes : (i) la répartition des lieux d’emploi, (ii) l’accessibilité aux zones d’emploi et

(iii) la densité des emplois. Notre contribution principale est donc de relever l’importance

d’une alternative aux politiques de densification, c’est-à-dire se focaliser sur la distribu-

tion spatiale des emplois et de la population. Cette étude à partir de données françaises

vient confirmer les conclusions de plusieurs travaux empiriques. Muñiz et Galindo (2005),

Veneri (2010) et Aguiléra (2005) s’accordent sur le fait que les formes urbaines ont un

impact considérable sur les distances et temps de trajet domicile-travail et les émissions

de GES. Ils préconisent également que la décentralisation des emplois s’accompagne de

politiques de densification, d’amélioration des services de transport public et des infras-

tructures routières (Alpkokin et al., 2008 ; Muñiz et Galindo, 2005). Les politiques

publiques d’aménagement du territoire pourront se nourrir de ses résultats afin d’être

13Dans la littérature, il existe des intrumentations par des données historiques de recensement de la
population (ex : données démographiques du 19ème siècle) et des données géologiques (Combes et al.,
2010 ; Blaudin de Thé et al., 2018). L’intérêt principal de ces instruments est leur bonne prédiction de la
localisation des populations urbaines actuelles tout en étant non corrélés aux phénomènes d’agglomération
de la population et des emplois actuels (Duranton et Turner, 2017).

14https://www.ecologique-solidaire.gouv.fr/suivi-strategie-nationale-bas-carbone (con-
sulté le )
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mieux ciblées au sein des aires urbaines françaises. Le recentrage de politiques urbaines

vers la décentralisation des emplois afin de réduire la pollution et la congestion urbaine

pose également la question de l’analyse coût/bénéfice en situation réelle.
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Brutel C., et Levy D., (2011). Le nouveau zonage en aires urbaines de 2010 - 95% de

la population vit sous l’influence des villes. Insee Première. numéro 1374, octobre.
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Denant-Boemont, L., Gaigné, C., et Gaté, R. (2018). Urban spatial structure, transport-

related emissions and welfare. Journal of Environmental Economics and Management. 89:

29–45.

Duranton G. et Turner M.A. (2017). Urban form and driving: Evidence from US cities.

Working paper, Brown University. 49 p.

Duncan O.D. et Duncan B., (1955), A Methodological Analysis of Segregation Indexes.

American Sociological Review. 41: 210–217.
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Hervé M. et De Nicola L.-J. (2017), Rapport d’information fait au nom de la commis-

sion de l’aménagement du territoire et du développement durable par le groupe de travail
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6 Annexe

A. Les aires urbaines françaises de 2010.

Figure 3.6: Délimitation et localisation des Aires Urbaines françaises en 2010.

211



Chapitre 3: Mobilités pendulaires et formes urbaines: cas des aires urbaines françaises métropolitaines

B. Statistiques descriptives de la part des emplois dans les communes centres

des aires urbaines sur deux périodes.

 

Part des emplois de la commune-centre pour chaque aire urbaine en 1999.  

 

 

Part des emplois dans la commune-centre pour chaque aire urbaine en 2007. 
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Part des emplois dans la commune-centre pour chaque aire urbaine en 2014. 
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C. Estimations des distances routières moyennes domicile-travail sur deux

périodes (2007 et 2014): Nombre de communes variable entre 2007 et 2014.

Table 3.13: Impact des formes urbaines sur les distances routières moyennes domicile-
travail : Estimations MCO, Référence : Nombre de communes variable entre 2007 et 2014
par aire urbaine.

Variable dépendante (1) (2) (3) (4) (5)
Log (distance moyenne domicile-travail)

Log (superficie) -0.07 -0.06 -0.06 -0.10 -0.10
(0.17) (0.17) (0.18) (0.18) (0.17)

Log (population) -0.50*** -0.50*** -0.50*** -0.46*** -0.43**
(0.17) (0.17) (0.17) (0.17) (0.17)

Log (âge moyen des actifs) -0.61 -0.62 -0.62 -0.77* -0.73*
(0.45) (0.45) (0.45) (0.45) (0.45)

Log (part des femmes actives) -0.25 -0.25 -0.25 -0.27 -0.25
(0.28) (0.28) (0.28) (0.28) (0.28)

Log (nombre de communes) -0.17 -0.17 -0.17 -0.16 -0.20
(0.18) (0.19) (0.19) (0.18) (0.18)

Log (part des flux de transport collectif t-x) 0.01 0.01 0.02 0.01 0.01
(0.02) (0.02) (0.02) (0.02) (0.02)

Log (PEC) 0.08
(0.18)

Log (Indice HH) 0.11
(0.14)

Log (ID - centres) 0.07**
(0.03)

Log (ID - aires urbaines) 0.10**
(0.05)

Année 2007 Référence Référence Référence Référence Référence
Année 2014 0.14*** 0.14*** 0.14*** 0.14*** 0.14***

(0.03) (0.03) (0.03) (0.03) (0.03)
Effet fixe Aire urbaine OUI OUI OUI OUI OUI
Observations 1 182 1 182 1 182 1 182 1 182
Adj. R2 0.60 0.60 0.60 0.61 0.61

Notes : Estimations des Moindres Carrés Ordinaires ; les écart-types sont clusterisés au niveau des aires urbaines (594

clusters) et reportés entre parenthèses ; PEC : Part de l’emploi de la commune centre, Indice HH : concentration des emplois

dans l’aire urbaine, ID-Centre : Indice de dissimilarité emplois-population dans la commune centre et ID-Aire urbaine :

indice de dissimilarité emplois-population au sein de l’aire urbaine ; *** p<0.01, ** p<0.05, * p<0.1. Source : recensements

de la population de 1999, 2007 et 2014 INSEE ; Odomatrix 1990-2014, UMR1041 CESAER INRA.
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D. Estimations des distances routières moyennes domicile-travail sur deux

périodes (2007 et 2014) : Nombre de communes variable entre 2007 et 2014.

Table 3.14: Impact des formes urbaines sur les distances routières moyennes domicile-
travail : Estimations MCO, Référence : Nombre de communes variable entre 2007 et
2014.

Variable dépendante (1) (2) (3) (4) (5)
Log (distance moyenne domicile-travail)

Log (superficie) -0.07 -0.07 -0.06 -0.10 -0.11
(0.19) (0.19) (0.20) (0.20) (0.20)

Log (population) -0.51*** -0.51*** -0.50*** -0.47*** -0.45**
(0.17) (0.17) (0.17) (0.18) (0.18)

Log (âge moyen des actifs) -0.63 -0.63 -0.64 -0.80 -0.76
(0.55) (0.55) (0.55) (0.55) (0.54)

Log (part des femmes actives) -0.36 -0.37 -0.37 -0.38 -0.35
(0.28) (0.28) (0.28) (0.27) (0.27)

Log (nombre de communes) -0.20 -0.20 -0.19 -0.19 -0.22
(0.20) (0.20) (0.20) (0.20) (0.20)

Log (Part des flux de transport collectif) 0.06** 0.06** 0.06** 0.06** 0.06**
(0.02) (0.02) (0.02) (0.02) (0.02)

Log (part des emplois du centre) 0.10
(0.19)

Log (indice HH) 0.14
(0.15)

Log (ID - centres) 0.07**
(0.03)

Log (ID - aires urbaines) 0.10**
(0.05)

Année 2007 Référence Référence Référence Référence Référence
Année 2014 0.14*** 0.14*** 0.14*** 0.15*** 0.14***

(0.03) (0.03) (0.03) (0.02) (0.02)
Effet fixe Aire urbaine OUI OUI OUI OUI OUI
Observations 1 191 1 191 1 191 1 191 1 191
Adj. R2 0.60 0.60 0.60 0.61 0.61

Notes : Estimations des Moindres Carrés Ordinaires ; les écart-types sont clusterisés au niveau des aires urbaines (594

clusters) et reportés entre parenthèses ; PEC : Part de l’emploi de la commune centre, Indice HH : concentration des emplois

dans l’aire urbaine, ID-Centre : Indice de dissimilarité emplois-population dans la commune centre et ID-Aire urbaine :

indice de dissimilarité emplois-population au sein de l’aire urbaine ; *** p<0.01, ** p<0.05, * p<0.1. Source : recensements

de la population de 1999, 2007 et 2014 INSEE ; Odomatrix 1990-2014, UMR1041 CESAER INRA.
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General conclusion

The world’s population lives mainly in urban areas. Cities are attractive spaces that are

resilient to economic crises. Cities accommodate companies and households through a

mechanism called agglomeration economies. The literature has focused heavily on identi-

fying, measuring and quantifying these urbanization-related gains. However, urban costs

in developed and developing countries are far from negligible. Air pollution, traffic con-

gestion, lack of efficient public transport, excessive economic specialization and poor gov-

ernance are threats to a sound urban economy. As cities in emerging countries develop,

these numerous challenges emerge. Solutions exist and their effects are studied in this

thesis. Without measures lowering negative externalities, workers are likely to leave a

city. For instance, eight out of ten highly skilled executives want to move within the next

five years from Paris. Quality of life, housing and transportation costs are key criteria

in a household’s location choice. As a consequence, it is essential that public authorities

address these issues and provide answers to households and businesses located in urban

areas. Challenging the paradigm of the car-based city seems complicated, and urban poli-

cies focus on densifying and/or redensifying urban cores in order to reduce GHG emissions

and bring households closer to workplaces. For instance, the French Town Planning Code

(TPC) was recently modified to include densification policies. These policies aim to reduce

urban sprawl above all. New buildings must have a minimum threshold of density in each

municipality. Increasing floor space per unit of land should be the right policy a priori.

We should carefully examine whether elevate existing buildings boosts compactness or

expands the city border. A higher supply of floor space would be an effective policy to

make denser cities instead of floor area ratio policies that limit building heights. However,

households’ housing demand and urban costs (i.e., congestion and pollution externalities)

may counteract this basic premise. The results could be very different at second glance,

although there is a wide consensus to develop compact cities among political leaders and

urban planners. The debate is complex. The questions of feasibility, acceptability and

which efficient policies to implement remains. A better understanding of urban forms is

therefore necessary to help mitigate the harmful effects of transport externalities.
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General Conclusion

The three chapters of this thesis bring new elements out to the debate about compact

cities, which emit less CO2 and are less congested. Our three chapters analyze the effects

of urban forms on CO2 emissions, traffic congestion and commuting times and distances

by car. In our analysis, urban planning involves a new spatial organization of jobs and

population: the polycentric city.

Our main results can be summarized as follows. Our first theoretical chapter provides

some insights concerning urban forms and CO2 emissions stemming from transportation.

We argue that the polycentric city is not necessarily the most desirable city to develop

under certain circumstances. Indeed, close scrutiny must be granted to the interplay be-

tween housing demand, commuting distances and the magnitude of urban pollution. Tak-

ing into account the pollution externality stemming from the aggregate traveled distances

mitigates the desirability of the polycentric city even though it reduces home-to-work dis-

tances. Travel speed and number of roads connected to the CBD play a critical role in the

choice of the most desirable urban form. Finally, the spatial size of cities is a key variable

when it comes to curbing CO2 emissions.

Chapter 2 extends the model, including traffic congestion and road land use. A change in

urban form and congestion management with road pricing schemes in a polycentric city

are investigated. A polycentric city can mitigate the congestion burden for each road user

provided that no distortions exist on the labor and housing markets when congestion is

unpriced. As long as growth of traffic flows and urban sprawl costs do not substantially

decrease the direct benefits from job relocations, land use regulations remain key policies

for addressing urban transport issues instead of pricing schemes. Indeed, road pricing

schemes do not achieve the optimal level of congestion. The Pigouvian tax yields a CBD

that is too small. According to the initial location of the SBD (too small or too large),

a flat tax may be less (resp., more) harmful than a cordon toll. Note that road pricing

schemes benefit all landlords regardless of the closed-city structure without redistribution.

Hence, political concerns regarding the redistribution of tax revenues are implied when we

internalize the negative externality.

The relationship between urban forms and commuting time and distances in French urban

areas is investigated in Chapter 3. Our static analysis of the determinants of the spatial

distribution of jobs and population shows us that an increase in job concentration in an ur-

ban area is associated with an elasticity between 0.22 and 0.26 with commuting distances

and times. An increase in population density has the same qualitative effect on average

commuting distances. However, second-order effects should not be underestimated. In-
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deed, higher density yields higher commuting times in cities. This chapter highlights a

relevant alternative policy to densification, i.e. a decentralization of CBD jobs towards

SBDs. It validates the choice to theoretically analyze polycentric cities. In addition,

policies of decentralization and densification could be combined to have a greater impact

in reducing commuting time and distances. Our results show that commuting time and

distances depend also on socio-economic factors such as demography, gender and public

transport demand.

This thesis highlights the need for a cautious approach to implement certain policies

that would guarantee a city’s sustainable development. A polycentric city may or may

not be desirable depending on the (i) accessibility of workplaces, (ii) the quality of road

infrastructure (high speed) and (iii) the employment density in cities. This thesis also

demonstrates the significant role of the housing demand on urban structure when the lat-

ter is endogenous in a context of unpriced transport congestion. Some urban densification

projects might reconsider the negative externalities (congestion and pollution) that arise

when a population grows within a city. These externalities are indirect costs due to the

adjustment of the housing demand in the long run.

In the future, research in urban economics related to the negative impacts of urban trans-

port should focus on several topics. Parking economics is an underlying field that has re-

mained surprisingly minimally explored until recently. First, our theoretical model could

be enriched by an analysis including land used by car parks. The key question is whether

a supply and demand management policy could be more effective than urban tolls in

congestion management. The second important point is the link between urban forms,

transport modes and CO2 emissions. Indeed, the decentralization of jobs in secondary

centers lowers the pressure on the main center, reducing the potential market for public

transport. Therefore, the effects of a change in the spatial organization of cities that

are initially monocentric on the substitution between private vehicles and public trans-

port and long-term C02 emissions still need to be theoretically and empirically assessed.

Third, it would be interesting to test several urban policies simultaneously in situ and

measure the long-term effects on traffic congestion, housing demand and CO2 emissions.

Finally, the question of inequalities in urban areas should be addressed as it relates to the

implementation of these policies to reduce transport externalities.
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Titre : Régulations de la pollution et de la congestion urbaine dans les villes polycentriques : Formes urbaines 
et tarification routière. 
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Résumé : L’urbanisation des pays développés et en 
voie de développement entraîne des effets négatifs liés 
à la pollution de l’air, aux émissions de gaz à effet de 
serre et à la congestion dans les villes. Cette thèse 
étudie les effets des formes urbaines sur la pollution, la 
congestion, les distances domicile-travail et le bien-être 
des citadins. Nous construisons un modèle théorique 
de ville polycentrique incluant des choix de localisation 
résidentielle avec la présence d’externalités négatives 
de pollution et de congestion provenant des flux de 
transport, où la localisation des lieux d’emploi est 
déterminée de manière endogène. Une analyse 
empirique des déterminants spatiaux des distances et 
des temps de déplacement domicile-travail est menée 
avec les aires métropolitaines françaises comme cas 
d’étude. Cette thèse souligne la nécessité d'une 
approche prudente pour mettre en œuvre certaines 
politiques urbaines qui garantiraient un développement 
durable des villes. 

Une ville polycentrique peut être une ville souhaitable 
ou non en fonction (i) de l'accessibilité des lieux 
d’emplois, (ii) de la qualité de l'infrastructure routière 
(vitesse élevée ou non), (iii) de la densité d'emploi 
dans les villes et de (iv) la répartition de la population 
et des emplois. Cette thèse démontre également le 
rôle significatif de la demande de logements endogène 
sur les structures urbaines en présence d’une 
externalité négative de congestion des transports non 
tarifée. Certains projets de densification urbaine 
devraient reconsidérer et quantifier les externalités 
négatives (congestion et pollution) qui surviennent 
lorsque la population augmente dans une ville. Ces 
externalités sont des coûts indirects dus à l'ajustement 
de la demande de logements et de transport à long 
terme. 
 

 

Title : Traffic congestion and pollution regulations in polycentric cities : Urban forms and road pricing 
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Abstract : Urbanization in developed and developing 
countries has major drawbacks regarding air pollution, 
Greenhouse Gas (GHG) emissions and congestion 
externalities due to transport in car-based cities. In this 
thesis, we study the effects of urban design on 
pollution, congestion, traveled distances and welfare. 
We build a theoretical model of residential choices with 
pollution and congestion externalities arising from 
commuting, where the location of jobs within the city is 
endogenous. Finally we collect data from French 
metropolitan areas to conduct an empirical analysis of 
spatial determinants of commuting time and distances.  
This thesis highlights the need of a cautious approach 
to implement some urban policies that would 
guarantee a sustainable development of a city. 

A polycentric city may be a desirable city or not 
depending on the (i) accessibility of workplaces, (ii) the 
quality of road infrastructure (high speed), (iii) the 
employment density and (iv) the distribution of 
population and workplaces in cities. This thesis also 
demonstrates the significant role of the housing 
demand on urban structure when the latter is 
endogenous in a context of unpriced transport 
congestion. Some urban densification project might 
reconsider and quantify the negative externalities 
(congestion and pollution) which arise when the 
population grows within any city. These externalities 
are indirect costs due to the adjustment of the housing 
and transport demand in the long run. 

 


