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Urban expansion or clustered deconcentration? An applied welfare

economic analysis of growth controls and the foundation of satellites

Abstract: How should urban containment and the diversion of households to nearby
residential areas be evaluated from a welfare economic perspectigetihg the existence
of a negative externality of city size, we develop a concise gesgudibrium model for a
mother city and a satellite. This satellite should be founded if theilgaurplus exceeds the
fixed costs of intercity infrastructure provision, and a Pigouvian tax ordhgersion of land
to urban use in both cities would then attain the first-best allocatiomndriacomes and
falling transport costs enhance the surplus gain from ‘clustered decoatientr or the
accommodation of growth in planned satellites, relative to expansion of dtieemrcity.
Nevertheless, plans by the Dutch government to uphold strict growtholsomstround
Amsterdam, while fostering large-scale residential construction pmojéctthe nearby
satellite of Almere, are difficult to reconcile with the optirpalicy in a calibrated version of

our model.

Keywords:land use regulation, growth controls, systems of cities, housing teadgplied

general equilibrium
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1 Introduction

Greenbelts or urban growth boundaries (UGB'’s) are applied irs @tieover the world, and
their popularity appears to be on the rise both in Europe and tHeTbS upward effect that
such policies exert on house prices in restricted areaslisla@imented in the economic
literaturé, but much less attention has been paid to their impact on surroundiogstelg
locations that are sufficiently close substitutes, households rihabenehow tied to the area
will push up housing demand. This may give rise to scattered leapfgodgvelopment, or
boost growth in nearby communities. For example, the much debatedatt@®@Bd Portland,
Oregon, appears to have spurred population growth in nearby Clark Cdunty2004). To
the extent that the jobs held by these households remain in thetedsarea, growth controls
will also push up intercity commuting. For instance, new jobs irStre Francisco Bay Area,
where rigid land use restrictions exist, are increasingly held by peoplg kithe outskirts of
the region (cf. Ogura, 2005).

The question that concerns us in this paper is, how the diversion of houdetiwlds
restricted city to a nearby satellite should be evaluated &ravelfare economic perspective.
This diversion may be argued to be a harmful side-effect oftgroantrols, because it raises
the total residential land consumption in the region, as well aswih&er of intercity
commuters and the externalities they impose. Furthermore, the odstsroviding
infrastructure and other local public goods and services may be higher foruhieggsattern
of spatial development (cf. Cho, 1997). On the other hand, the widespread pyppiilarban
containment policies suggests that people attach value to livimgmall city, and this idea is
also reflected in a theoretical literature on growth conffdlinder such preferences, an
equilibrium in which households are divided over a main city and one @ sabellites may
yield higher welfare than an equilibrium in which they all live in one big city.

1 While an early form of greenbelt regulation exis&ready in sixteenth century London (Evans, 1988yeral
European countries nowadays conduct policies thstef the development or preservation of compa@sci
Moreover, at the EU level, the pursuit of compaities is expressed as an explicit policy goal (Feen
Commission, 1999). The proliferation of urban grbvtoundaries in the US is documented by Nelson and
Duncan (1995). Amongst cities in other parts of wald that have been subject to greenbelt requriatire
Moscow (Russia), New Delhi (India), Ottawa (Cana&soul (Korea) and Tianjin (China) (Cho, 1997).

2 See Fischel (1990) for an early survey and Quiglag Rosenthal (2005) for an overview of more recen
evidence.

% For instance, Englet al (1992) argue that population growth may affectfave in a city negatively because
of congestion costs, pollution externalities arging costs of public goods provision, while Brueekii1990)
considers a direct negative impact of the numbeesitdents in a city on their wellbeing. These tgbenodels
have become known in the theoretical growth conlitelature asamenity-creationmodels, see Brueckner
(1999) a survey.



Such considerations seem to have motivated so-catladtered or focussed
deconcentrationpolicies in the 1960s and 1970s. Against a background of substantial
negative externalities in large cities and rising suburbanizatgovernments of various
European countries fostered household growth in especially designatednaetimes newly
founded satellite towns. The accommodation of growth in a limited nuoflsatellites was
preferred to unregulated sprawl, because this allowed for aneeffiscale in terms of the
supply of local public services and infrastructure, while limitlagdscape fragmentation.
Typical examples are the UKew Townsthe FrenchPdles de Croissancand the Dutch
growth centres ofsroeikernen(cf. Anaset al, 1998). These policies are of interest today,
because they are still reflected in land use patterns andgsalicEurope — as aptly illustrated
for the Netherlands in Figure 1.1, while the popularity of Europege strban growth
boundaries and greenbelts appears to be on the rise in the US.

In order to evaluate the diversion of households from a restrictgdccia nearby
satellite, we develop and calibrate a concise general equitibmodel. The distortion that
motivates government intervention in land markets is a negativernaktg of the
geographical size of a city, as experienced by its resid€his assumption is similar to the
negative population externality that is common in the growth conttetsitlure, but it relates
more directly to land use and the role of open space. As all jobscated in the central
business district of the main city, residents of the sata@titer higher commuting costs, but
they enjoy living in a city that is smaller. Furthermore, allow for differences in the
attractiveness of both cities, reflecting the level of cultaral historical amenities. This may
be particularly relevant in a European setting, in which such ae®ointribute significantly
to the quality of life in the major ancient cities, while they are galyesbsent in newly found
satellites. We show that taxing the conversion of land to urbaim useh cities is a first-best
policy response to the city size externality. Founding a datedli desirable if the gain in
surplus exceeds fixed costs that are incurred, modelled hetbeasosts of intercity
infrastructure provision. In an extension, the optimal foundation of mulsptellites is
considered.

Our analysis is applied to the Dutch capital of Amsterdam andoyeaimere.
Founded in the 1970s on land regained from the sea, this town wasadedigs a growth

* For instance, Irwin and Bockstael (2004) reporttum effects of a development clustering policMaryland,
US, which concentrates development and generadsgmwed open space.



Figure 1: Current and permitted future
development in Amsterdam (left) and Almere (right)
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centre that should accommodate population growth from the cafited. restrictiveness of
present land use controls is substantial in Amsterdam and negligidlmere, which may be
inferred from the gap between house prices at the urban frimyéotal marginal production
costs. Moreover, future plans by the national and local governmentsstcafisstrict
containment of Amsterdam and a major expansion of Almere. Thisstated in Figure 1,
which indicates areas that are presently built-up in thess di grey zones, and areas in
which new construction has been approved of by the national and laeshgeents by black
zones® It shows that residential construction in Amsterdam is maiimhitdd to infill

development, whereas large plots for new construction are available in Almere.

®> An overview of land use regulation in the Netheds is provided in Vermeulen and Rouwendal (2068g
Faludi and Van der Valk (1990) for an in depth disgion of the Dutch growth centre policy.

® There data were taken from the ‘New map of thehigands’ (www.nieuwekaart.nl), a collection of all
national and municipal land use regulations, infilieof 2006.

" This map is somewhat imprecise, though, becauseeis not indicate construction densities and trzdn of
new plans is not always clear. Projections by proel and municipal governments suggest that net of
demolitions, the housing stock will grow with abdi@,000 to 60,000 dwellings until 2030 in both Aerdam
and Almere. So in relative terms, the satellitplenned to grow at a much higher rate. About atbirall new
construction in the northern part of the Randstazh §'de Noordvleugel’) is planned to take placeAimere,
while other towns in the region surrounding Amsgsrdwill expand at a significantly lower rate.



We calibrate the model in such a way that present land usietress are optimal by
assumption. This turns out to require a city size externalityishad large that in order to
internalize its effect, households in Amsterdam should spend about 10%irointome on
(capitalized) development taxes, while they spend about 6% on lamd these taxes. The
model may be used to evaluate plans for future residential develbpFa@ instance, its
comparative static properties indicate how the optimal distributiohouseholds over the
main city and one or several satellites is affected by incantedemographic growth. We
also infer optimal population and city sizes in several scesanibincome and demographic
growth and contrast these to the land use plans that are indic&tigdire 1. Finally, we shed
light on the social costs of implementing suboptimal policies, wimely result from a
misperception of the type or size of externalities.

Our study adds to a small number of applied welfare economicsasadf land use
regulation such as Cheshire and Sheppard (2002), Bxnad (2006) and Walsh (2007),
which have been surveyed in Cheshire and Vermeulen (2008). It adgesréb a concise
literature on the Seoul greenbelt, which is modelled in a theoretnadysis by Cho (1997)
and Lee and Fujita (1999) as a (congestible) multifunctional patkprovides citizens with
recreational areas, environmental amenities and scenic views, whiismtdenneman (1998)
provide evidence that proximity to this greenbelt is capitalizedegidential land prices.
Reflecting the rise of ‘periurban belts’ in France, Cavaikieal (2004) develop a model in
which agricultural and residential land use are mixed in a zonend the urban fringe, but
they do not perform a full welfare analysis of land use policiesodr knowledge, Ogura
(2005) presents the only theoretical model on growth controls that dwesder the
possibility of intercity commuting from a nearby satellite, baking a political economic
perspective, this paper ignores the valuation of policy-induced ameiities®me degree, our
analysis of the decision to found a satellite may be understoodlidiwider literature on
systems of cities (cf. Henderson, 1987), which considers the optimalgaridrium number
of cities in a system as a function of fixed costs and (deyuies of scale. In dynamic
models, Henderson (1986) and Anas (1992) find that it is optimal to sehaw city much
earlier than the date at which it would emerge under laissez* fFurthermore, the concept
of satellites may bear some similarity to the edge<ithat are analysed by Henderson and

8 These models exhibit city-level agglomeration esuies in production that are counterbalanced byestion
effects through rising costs of land and transionma



Mitra (1996). However, land use externalities are generallynalmsethey remain implicit in
this literature’

In the next section, we propose our model for a mother city anceliteatand we
derive first-best policies. The calibration of this model is disedsin section 3, where
explicit consideration is also given to validation. Comparativécsfaoperties and policy
analysis are contained in section 4. We then consider an extemtiomultiple satellites.
The final section concludes and it puts the policy implications of madel into the

perspective of the range of assumptions and simplifications that have niicbsgsr made.
2 Theoretical framework

After outlining model preliminaries and the geographical settihig, section considers the
problem of a benevolent planner who wants to maximize social surplus tinedeonstraint

that all households reach the same target utility level. $h@vn that the solution to this
problem may be decentralized as a free market equilibriuim caistless household mobility
within and between cities through the imposition of appropriate #esind development
taxes. We then consider the desirability of founding a satdiliteere are fixed setup costs
and discuss the extension of our framework to multiple symmetedites. An investigation

of comparative static properties is deferred to section 4, whenmake use of the calibrated

model.

Preliminaries and geographical setting
Households have a well-behaved utility functien=u(zs,A S), where s denotes the

consumption of land anzlis the consumption of a composite commodity tearesents all
other goods, including the capital component ofdogt Furthermore, utility is affected by
two city level variableA andS. The amenity leveA reflects the inherent attractiveness of
living in a city, due to for instance the presetdistorical buildings or cityscapes. It also
allows for a first pass on more endogenous factush as the variety of local services and
the offer of cultural facilities, which tend to fiif strongly between large cities and newly
found satellites.

Fundamental to our analysis is the assumption ttiatutility of living in a city is
decreasing in its geographical sieThe most immediate interpretation of this extéiyas

°® A number of studies exist, though, that analysénug land use policies in a system of cities wiremacity
transport infrastructure is congestible. See fstance Anas and Pines (2008).



that people dislike to be surrounded by bricks asghalt. The larger a city grows, the more
they feel themselves lost in an ‘urban jungle’. $oavidence supporting this view may be
found in an analysis of residential transactionanrexurban region in central Maryland, USA
by Irwin (2002), who reports that conversion ofiegitural land to low-density residential
land had a negative impact on surrounding housegrisuggesting that one of the important
attractions of open space is simply that it is developed. In line with this view, stated
preference studies indicate that negative extaresliof residential development are an
important motivation for the preservation of opgace (cf. McConnell and Walls, 2005).
Another way of interpreting the city size exterhals that wherSincreases, the total amount
of space left undeveloped is reduced and the distamopen space at the fringe rises for most
residents in the city, which reduces welfare if m@pace at the city fringe is amenable and
accessible to urban residents. Interpreted this, Weey externality captures that society may
value not only the total supply of open space ia tountry, but also its accessibilify.
However, open space in parks may substitute fokipnty to a greenbelt, which would
reduce the negative externality effect of city skAée get back to this point in the concluding
section, see also Cheshire and Vermeulen (2008&) disscussion.

The way in which we model the open space exteynaldy be compared to amenity
creation models in the theoretical growth conttidérature that exhibit a negative externality
of population size (Brueckner, 1999). Under thauagstion of fixed land consumption, which
is generally made in such models, the two extefaalare equivalent. In contrast, Brueckner
(2001) and Bentcet al (2006) consider welfare effects of changing tb&ltamount of
undeveloped space, calculated as some given totalr@ of space minus city size. This
approach has the somewhat unrealistic implicati@ & hectare of open space near the city
boundary is valued in the same way by its residasta hectare at a distance of, say, a
hundred kilometres. The foundation of a satellda oot be optimal then, since it would raise
the total residential land consumption.

The geographical setting of our analysis is ilatgd in Figure 2. We consider a

system of two monocentric cities, in which a totaimber of householdbl reside. This

1% Since the total stock of open space in a cousttypically only marginally reduced by urban exgansits

accessibility is in fact the more important aspafcthis interpretation. Access to open space cbeldnodelled
more directly by assuming that in order to enjgyésidents travel to the city fringe at a giveequency, which
has to be lower than the frequency of commute$i¢oGBD. It may be shown that the optimal policythis

setting is a (Pigouvian) development tax, reflegtime increased travel costs that urban expansiposes on all
residents. Although this development tax does raehthe same comparative static properties as glimal

development tax that we derive in this sectionye¢he a strong similarity between the two extetiesi and
associated optimal policies.



Figure 2: Geographical setting
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number is taken to be exogenous, so the systembeainterpreted as closét.Each
household provides one unit of labour and all jateslocated in the Central Business District
(CBD) of the main or mother cityl. Residents who live at a distanc&om this CBD incur
commuting costsr, wheret denotes commuting costs per unit of distance.deess of the
satellite cityStravel to the CBD of their city first, where thewter the intercity infrastructure
network, and then to the CBD of the mother citywihg at a distance of the satellite’s CBD,
they incur commuting costs + icc, whereicc denotes intercity commuting costs. So under
these assumptions, the satellite’s CBD serves astarcity infrastructure access point only,
and it does not offer any employment opportunitiste that the intercity commuting costs
per unit of distance may be smaller thgndepending on the quality of the intercity
infrastructure network.

We rule out scattered residential development datsities, as it would fragment open
space at the city fringe and make it less valu&bla.the context of our application to the
cities of Amsterdam and Almere, this assumptiorpleusible since land use is regulated

directly, so residential development outside citias simply be prohibitetf. As a final point,

1t makes little sense in this setting to assumepen system, because growth controls in the matigr
would not raise housing demand in the satelliten tivehereas in the applications in which we areredted it
clearly does.

2 The presence of a negative external effect of sitg implies that households have an incentiviotate

outside the city, if the negative effect on utildfthe higher commuting cost is compensated bytteédance of
the negative external effect of city size. Hen¢aye would not impose that all households residthiwicity

boundaries, the presence of this external effeatldvtead to diffuse residential location pattermsusad main
cities that are typically associated with the niegataspects of urban sprawl. See for instance Irauirl

Bockstael (2004), who find that potential benefifsa development clustering policy in Maryland, Uy be
offset, because protected parcels of land atti@esteuction at neighbouring parcels.

3 In countries in which governments have less gripamd use, such as the US, such a pattern miijhbest
obtained by declining the provision of infrastruet@nd other basic public goods at locations oatsities.



we note that the mother city and the satellite havbe located sufficiently far away from

each other, so that the size of one city doesfif@ttahe utility of residents in the other.

The social planner’s problem
Essentially following the well-established Herb8tevens approach, we develop the welfare
economic analysis in this paper by considering maefelent social planner, who aims to
maximize aggregate surplus under the side conditianeach household has to reach a given
target utility levelu* (cf. Fujita, 1989)-* The contribution of an individual household to the
aggregate surplus is defined as the income it gée®r minus the costs that have to be
incurred to grant it a utility ofi*. Fixing household income at the exogenous wage! ley
the optimal allocation may be interpreted as tlastlecostly way to attain the target utility
level for all households in the system of cities.

It is useful to invert the utility function with spect toz for the target utility level*,

to obtain z=Z(u*, s, A S). The functionZ identifies iso-utility curves for different levelsf

u* and its partial derivatives with respect to thieentvariables may be interpreted in terms of
the marginal willingness to pay for the goods thegresent. By assumption, the signs of the

partial derivatives are:

92 09209 <0% 0. (1)
ou* 0s 0A 0S

The costs of granting a household the target ytigvel are then equal to the sum of
commuting costs, opportunity costs of alternatiaadl use and the expenditure on the
composite commodityz=Z(u*,s,A'S). We assume that the alternative land use is
agricultural, which yields a rem, and that the price of composite commodities isnadized

to unity® Ignoring the costs of founding the satellite, #ygregate social surpl&Sis then

% This approach is more convenient than the optititineof a utilitarian social welfare function, sidifferent
utility levels would have to be assigned to simga@ople in order to obtain the optimum, as showrMiylees
(1972). One unattractive feature of thisequal treatment of equafsroperty is that it cannot occur in a
decentralized free market setting. Surplus optitieraavoids the problem by assigning the sametyiidivel to
all similar households at the outset. See Wildgsa86) or Fujita (1989) for additional discussion.

5 In reality, there are costs to converting landrfragricultural to residential use, relating fortanzce to the
provision of local infrastructure. The model coble extended with a local public good that is predlasing a
constant returns technology. Ruling out substitutbom the demand side, so that it would be providét a
constant land intensity, a constant would haveetadided to the price of agricultural land in Equat2. This is
the approach we follow implicitly in our calibratio

10



obtained by integrating the surplus for each hoolkketver the total number of households in
the two cities:

™M

SS= I: (w—tr - p,S" —Z(u*, s, A", S ))dr

’ )

+ r};—i (W—tr —icc-p,s° - Z(u*, s, A%, SS))dr,
0

wherer' denotes the distance from CBD to the fringe in GifyJ{M,S}, L' denotes the total

amount of developable land at a distamcifom the CBD of cityi, and s denotes the
consumption of land assigned to households living distance from the CBD of cityi.

Note thatl! /s equals the household density at a distarfoem the CBD of cityi.

The social planner's problem is to choose an afiona(s = 0,r' =0,S >0) that

maximizesSS while satisfying a number of constraints. In fivst place, the household

density has to integrate over the two cities tottital number oN:

™M rS.s
[Sdr+ [=edr=N. 3)

'S 8s

Secondly, the total amount of developable land than use has to integrate to the

(endogenous) geographical s&dor each city*®
[Lidr = s" and [Lydr = S°. (4)
0 0

While conditions for the desirability of foundingsatellite are discussed later in this section,
for now we assume that both cities have a posisize in the optimum. Ignoring the
inequality constraints, the Lagrangian associatéith whis optimization problem may be

written as®’

'® This second set of constraints could be avoideth@lyding city size as a function ofdirectly in the utility
function, but we prefer the present equivalent ggation because it is more insightful.

" The problem could be solved more formally by apyyoptimal control theory, but the same outcomeilio
obtain. See Fuijita (1989) for a thorough discussion

11



= r}Lﬁ” (w—tr —Z(u’;,Mer , A" ,SM)_ pa]dr
0

r

rs e i x «S AS oS
+IL?(W il zgu’s"A’S)-paJdr (5)
0

r

S

IL—Z dr] +™ (SM - r}Lﬁ” drj + TS{SS - rJS.L;Q‘er,
0 Sf 0

0

r

rMLM
+ Al N- |—=-dr-
g

where/, ™ and<® are Lagrangian multipliers. The first order coratis associated with this

problem are 9.£/3s" =0 for every r0(0r™), 0£/0s>=0 for every r{0,r®),

oL/or™ =0, aL£/or°=0, aL£/aS" =0 and 9£/dS° =0. The first two conditions for

surplus maximization refer to the demand for laRdey imply that for every within the city

boundaries we have:

0z (u*, s AM,SM):w—tr—Z(u* s, AY,S¥)-

19 19

0s" s ’

(6)
_o0z(u, s°,A°,S°%) _ w-tr —icc-Z(u¥, s°, A°,S°)- A
0s’ - s® '

r

For future reference, it is useful to note that kb hand side of these expressions can be
interpreted as the marginal willingness to pay ltord, while the right hand side takes the
form of a bid rent function. The next two conditsorefer to the optimal city boundaries, and
they may be written as follows:

w—tr™ —Z(u*, sy ,AM,SM)—A

M
Su

=p,+1",

(7)
w—trs —icc—Z(u*, erS,AS,SS)—A

S
S

=p,+7°.
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Making use of Equations 6, these equations inditeethe marginal willingness to pay for
land at the fringe of city should be equal to the agricultural land rent m@ukagrangian

multiplier 7. The final two conditions refer to the optimalycdize, yielding:

rmiaz(u*’ SrM AM ,SM)

dr=r",
oS 0s"

(8)
rSL_rS GZ(U*, SrS,AS,SS)

dr =715,
3 SrS asS

The left-hand side of these equations may be irdegg as the willingness to pay for a
marginally smaller city, integrated over the tataimber of households in this city. From the
comparative statics oZ(u*, s, A, S) in Equations 1, we know that the multipliet$andz® are

positive, as long as both cities have a positize.dEquations 7 then imply that the marginal
willingness to pay for land at the fringe of citghould exceed the agricultural land rent, so
that urban land use is restricted in the sociahomtn. This suggests that the optimal policy in
the presence of a city size negative externality bedecentralized through the imposition of
a (Pigouvian) development tax that is equal toetkternal effect that a marginal extension of
the size of a city imposes on its residents. Edentyy, the planner may regulate land use
directly in order to obtain city size8" andS®, and the multipliers should then be interpreted

as regulatory taxes or shadow prices of land usteicgons*®

Decentralization of the social optimum

Consider now a situation in which the role of thenttal planner is limited to setting

development taxeg" and 7°, and imposing a (possibly negative) lump sum Aawn each
household, while leaving the allocation of goodsd éand to competitive markets. Assume

further that household mobility within and betwesstnes is costless. A household that resides
at locationr in city i then faces the budget constrajjs, + Z(O,sﬂ A S‘): w-A—tr , where
p, denotes the land rent anil denotes the equilibrium utility level. Under wi&town

conditions, a unique equilibrium exists that idyfuletermined by the following conditions

'8 Direct land use regulation is much more commom tlaation of residential development or residenéad
consumption, which are equivalent in a competitbedting where builders pass the development taxoon
households. Nevertheless, there is some similbatween taxation of development and the Impact fredsare
gaining widespread popularity in the USA.
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(cf. Fujita, 1989). First, equilibrium on land matk requires thap; within both cities equals

the bid rent function, which is defined as the maxin rent per unit of land that a household

is willing to pay while attainingi. This condition may be written as:

p’ =ma
r SrM SrM

M X{w—tr—Z(ﬁ,sﬁ”,AM,SM)—)l}

9)

P, = max S

S w—tr—icc—Z(“,er,AS,SS)—A
s S '

The maximization problem in these equations is lvesbwhen p! equals the marginal

willingness to pay for land az/as; , which yields a condition for the consumption arid §

at each location. The size of each city is detegchiby the condition that land rents at the city
fringe should equal the sum of agricultural rentsl ahe development tax. Finally, the
equilibrium utility level 4 is determined by the condition thht households have to be
accommodated in the system of cities, as in Equaio

It can now be seen that the solution to the soglahner's problem satisfies the

conditions that together characterise the markeilibgum, provided that the government

M M

sets A=A, i =™ and 7°=7°. Since the social optimum satisfies Equation & th

consumption of lands solves the decentralized consumer problem, andedrits are as in

Equations 9. Furthermore, as Equation 7 is satisfiee bid rent at the city fringe equals
agricultural rent plus development tax. Finallye thocial optimum satisfies Equation 3 by
construction. Thus, by setting lump sum and devekqt taxes appropriately, the planner can
decentralize the social optimum and the targetitytievel u* is attained in a market
equilibrium. Furthermore, it should be noted ttsimce this result holds for any target utility,
u* may be chosen in such a way that the associatad Bum tax equals zero. Hence, a
market equilibrium in which appropriate developmedakes constitute the only policy
intervention corresponds to a social optimum wiiis target utility level.

Throughout our application of the model, we prefierconsider market equilibria
without lump sum taxes or transfers. However, weli@omparisons of such market equilibria
are not straightforward, because they generallydyshfferent levels of both utility and

surplus. Therefore, we compare the surplus of ffe equilibria, while holding utility
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constant through appropriate transfér§ocial surplus then equals the sum of all lump sum

taxes and the total land rent minus opportunitysosagricultural use.

When should a satellite city be founded?

The costs of founding a satellite are not explattbnsidered in our measure of social surplus
in Equation 2, but they are a crucial determindrihe desirability of this policy. Ignoring the
provision of other local public goods, we assurad these costs consist of the fixed costs of
intercity infrastructure provision only. So in ounodel, in order to create a satellite, the
government has to build a road that cds&?° The desirability of this investment derives
from a comparison of social surplus with and withthe satellite, where characteristics of the
equilibrium with one city are obtained by constragall households to live in the main city.
Under any target utility level, foundation of thatellite is then desirable if the social surplus
in the two city equilibrium exceeds surplus in gwilibrium with one city by more thafC.

In our application, we will choose the specifiogir utility level for which decentralization of
the optimal allocation in a system consisting afhbiiie mother city and the satellite does not
require lump sum transfers (sb=0).

Properties of the surplus gain from founding a&kig¢ will be explored numerically in
following sections, so the discussion here is cwdito some intuitive general properties.
Ignoring fixed costs, when would there be a stigtbsitive surplus gain from founding a
satellite at all? The satellite affects outcomely @nsome households decide to locate there.
Hence, the bid rent in the second city has to ektlee agricultural land rent plus an optimal
development tax. Let us first assume that theraoisdifference in amenability, and that
external effects of city size are absent. The l&tés then populated if transport costs to the
city fringe exceed intercity commuting cos(tsM > icc). If the distance between both cities
should be large enough to avoid any externalitespmuting on the intercity transport link
has to be considerably less costly per unit ofadis¢ than travel within the main city. It
becomes even less likely that households are gillmlive in the satellite if we also take
differences in the level of urban amenities inteamt, as these render the main city more

attractive. Hence, the demand for a satellite &edsurplus it generates are entirely driven by

19 Another possible solution to this problem wouldtbeassume public land ownership, so that landsrang
distributed over all households and surplus eqeaids in all market equilibria. Welfare comparisariglifferent
equilibria could then proceed simply through thenparison of equilibrium utility levels. However, irban
economic models, there is no obvious money meticdifferences in utility. Notably, compensatingdan
equivalent variation are problematic, since thegimeal utility of income varies with location (Wilda, 1986).
This issue is avoided by keeping utility constard aomparing different surplus levels.

20\We abstract from any relationship betwé&&and the intercity commuting costs.
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the negative externality of city size. This extdityamakes living in the main city less
attractive, and its internalization in developmentes may raise the optimal population in the
satellite furthef*

If the costs of providing intercity infrastructuege not too high, it may of course be
desirable to found multiple satellites. The systemtwo cities that we have considered
throughout this section may be readily extendedth @it arbitrary number of satellites, as long
as these satellites are assumed to be symmetitiernms of amenability and the intercity
commuting cost. This requires straightforward atents in the expressions for social
surplus (Equation 2) and the population constréitquation 3). The condition for social
desirability of founding an additional satellitenrains that the gain in social surplus should

exceed fixed founding costs, which determines fhteév@l number of satellite?.

3 Application to Amsterdam and Almere

This section applies our theoretical frameworkhe tities of Amsterdam and Almere. While
the analysis of the previous section was carriet fou an arbitrary well-behaved utility
function, the choice of an appropriate functionaini is essential for a meaningful applied
welfare analysis. Hence, this issue is dealt wittha outset of the present section. Then, a
brief discussion follows of the range of data framarious sources that are available for
calibration and validation of the model. We deserthe procedure to find values for the
model parameters that are not directly observedallyi, some properties of the calibrated
model are presented, and we validate our setupbyparing model outcomes with data that

are not used in the calibration procedure.

2L While we have so far assumed that all employmemiains in the mother city, the attractiveness ahtting a
satellite increases strongly if at least a parthef jobs follow the population. Moreover, using icegl time
series data for the Netherlands, Vermeulen and @ammeren (2006) show that in the long run, employmen
adjusts to the local supply of labour, but in opplécation. However, the consequences of assuniirjghs to

be in the Amsterdam CBD are limited for our poliapalysis, as long as there are no scale economies i
production. For instance, we could have assumettlige is no intercity commuting and that resideimt
Amsterdam and Almere receive the same wage. Simoeii calibration, the model outcome should stiéitom
the data on land prices and the distribution ofdetwlds over these cities, the resulting rise énatttractiveness
of Almere would then have to be counterbalancedrbincrease in the amenity differential.

22|t should be borne in mind, however, that our agstion that the presence and size of satellites doeaffect
utility in the main city may become increasinglytemable when their number rises, as they fragmleat t
surrounding landscape.

16



Functional form of utility

The utility function used in our application is cpased of a CES component in household
consumption of land and the numeraire good, midiipby functions of amenability and city
size. In order to keep the model tractable, wetlsetelasticity of substitution between land
and the numeraire good equal to & 5ome evidence in support for this assumption is

presented in our discussion of the model validatiorthe notation of section 2, we have:

Als° +s)”

s 4o

u(z,s, A S)=

When interpreting the elasticity of substitutionshould be borne in mind that we have not
explicitly modelled the production of housing sees with capital and land. Nevertheless, the
capital component of housing is implicitly containén the consumption of numeraire
goods**

Next to the CES component in land and numeraioglgoutility is proportional to the
amenity levelA and a negative function of the geographical ditg S We setA’ = 1, soA"
may be interpreted as the relative attractiveédising in the mother city in terms of access
to local public goods other than open space. Irosimg a functional form for the city size
externality, we have allowed for the possibilityathurban sprawl is more of an issue in large

cities than in small towns. As long 88 is positive, the functim{S0 + S)_y implies that the

willingness to pay to avoid a 1% increasesad rising with city size, while it is zero for ayg

of size zerd” In the calibration, we will se8’ roughly equal to the size of Amsterdam, so that
open space externalities are significantly moresgirgy in this city than in the smaller
satellite. This assumption reflects the observatiost land use controls are much more
permissive in Almere than in Amsterdam, which wlsaly illustrated in Figure 1 in the first

section.

% This allows us to solve a large part of the moatslytically, so that the numerical burden redueshe
search of roots in a limited number of nonlineanag@pns.

24 | ocal governments in the Netherlands tend to irepsisong restrictions on high rise residential ¢arsion.
Hence, the loss of keeping substitution of capdaland implicit in our model is probably limited.

% Note that when we s& = 0, the willingness to pay to avoid a 1% increa8 does not depend on city size.
In this case, the optimal restriction of residentéand use in the main city and the satellite vai#é roughly
comparable.
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Data

We choose the year 2002 as a base year for oloratabin, considering annualized income
and expenditures on land, numeraire consumptiomig@md transportatic. Our discount
rate is set at 5%, which is slightly higher thaae tkal long interest rate in this period. For a
number of exogenous city variables, such as trahgpsts to the CBD and the share of land
in residential use, we consider data for Amsterdarty. While it is possible that these are
different for Almere, but we do not want to intraguadditional sources of heterogeneity in
our model, in order to facilitate interpretation tife results. Table 1 presents data and
estimated parameters for both calibration and a#ilieh of our model. A detailed account of
sources and estimation methods is given in the Agige In particular, we have made use of
data and results in Rouwendal and Van der Strg2@08), who perform a hedonic analysis
of house prices in Amsterdam. An estimate of thadsiw price of present land use
restrictions in both cities is obtained by compgrthe price of new houses at the city fringe

with total marginal construction costs.

Table 1

Data for the cities of Amsterdam and Almere

Variable Value
Amsterdam Almere

Data used for calibration

number of households (1000) 405 63

average disposable household income (1000 €) 24

expenditure on land as a share of household in¢dthe 16

share of total municipal land in residential use 0.4

transport costs (€ / m) 0.34

transport costs from Almere to Amsterdam fringe (€) 3100

agricultural land rent plus conversion costs (€)Y m 2.05

shadow price of local land use restrictions (€) m 14 -1.6

Data used for validation

guality controlled house price (index) 144 100
median lot size () 95 144
area of municipality in land (kf 165 131

Notes: See appendix for a discussion of estimationedures and data sources.

In terms of the number of households, Amsterdamigarly a much larger city than
Almere. Although households are on average small&msterdam, the number of residents

still exceeds Almere by almost a factor 5. Abouf&t@f the land in Amsterdam is in

% Some data sources refer to another year in tHeg26000 — 2005.
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residential use, while the rest is used for infiagure, industrial production, open space,

agriculture and water. In order to account for thisthe model, we impose that at each
location in both cities, a share of 40% is avagafir residential use (s&. = 0.8z r).%’

Another striking feature of Table 1 is that aftentrolling for characteristics of the dwelling,
houses are almost 50% more expensive in Amsterdamin Almere. Clearly, the premium
paid by households that live in Amsterdam has tacdmpensated through either reduced
commuting costs or a higher level of amenities.simeably in response to the large price
differential, median lot sizes in Amsterdam arengfigantly smaller than in Almere. Finally,
we observe that estimates of the shadow priceraf legse regulation in both cities confirm
that planning is much more restrictive in Amsterddran in Almere, as was suggested by
Figure 1. The data even indicate that residerdrad luse in Almere is effectively subsidized.

Choice of parameters that are not directly observed

While N, w, t ,o (the share of urban land in residential use) pn@re estimated directly,
other model parameters have to be inferred by comgaproperties of the implied
equilibrium to data. In the utility function, we maetf = 1 without loss of generality. The
parametew is then chosen in such a way that the budget sifdeend in Amsterdam equals
the observation in Table 1. The parametes set in such a way that the optimal development
tax in Amsterdam equals the estimate of the shaglave of the restrictiveness of land use
regulation in this city. Note that we do not use #stimated shadow price of land use controls
in Almere, since it is negative and in our modké bptimal development tax is nonnegative.
Instead, we se®’ to 100 knf, which approximately equals the amount of landeisidential
use in Amsterdam, so that the optimal developmenirt Almere is small (in the calibrated
model we have® = 2.52). The amenity levél" is set in such a way that the equilibrium
number of households in Amsterdam is equal to teewed number. Finallygc is set equal

to the sum of the commuting costs from the AmsterdzBD to the fringe plus the costs of
commuting from the fringe of Amsterdam to the Ale&BD, as reported in Table 1. In the
general equilibrium, these parameters have to beathsimultaneously, yielding= 479,y =
0.272,A" = 1.026 andcc = 5733. With these values, the city size extetyadi so important
for utility that in order to internalize it propgtlhouseholds Amsterdam need to spend about
10.8% of their disposable household income on dgwveént taxes.

" In order to maintain internal consistency in thedel, we also assume that it is the total amouriard in
residential use in the city creates the extern&itput this does not change the interpretation efrésults.
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Model validation

In determining the model parameters, we have natemse of the observations in the lower

panel of Table 1. This information is used to asghe performance of the calibrated model,
by comparing it to the model outcomes as reporebable 2. Our model is of course a highly

stylized description of the equilibrium in bothieg, so it is not reasonable to expect that the
data used for validation are perfectly reproducgdthe calibrated model. Nevertheless, it

would be reassuring to find values in the samerasienagnitude.

Table 2

City characteristics as obtained in the calibratediel

Variable Value
Amsterdam Almere
average land rent (€ /3n 20.7 6.0
average lotsize (M 186 293
area of municipality (k) 188 46

Notes: Output generated with the calibrated model.

The first statistic that may be used for validatics the intercity house price
differential of 44%. As shown in Table 2, land ilm&terdam is more than three times as
expensive as land in Almere according to the moakich suggests that it overestimates the
land price differential. However, the quality canited house price differential is at best a
very rough estimate of the land price differenttaince lots are smaller in Amsterdam, and
since land expenditure is only a part of housingeexiture, the gap may be smaller than it
seems at first sight. The second statistic consiles the average lot size in Amsterdam and
Almere. In the model, these lot sizes are aboutdveis high as in the data, but their ratio is
almost exactly the sanf Finally, the actual surface of the Amsterdam mipaiity is only
about 10% smaller than in the calibrated model. Jike of the Almere municipality is much
smaller in the model than in reality, but this igedo a higher share of agricultural land within
the municipal borders, and probably also a smalare of land in residential use within this
city.

Figure 3 shows land rents and lot sizes as aifumof the distance to the CBD in both
cities, using the calibrated model again. As exgcland rents are falling with distance, and

they jump to the agricultural land rent at the ditgge, the difference being the development

2 The difference in levels arises from the fact ihahe land use statistics, local infrastructwertain consumer
services (such as shops and local bank offices)samall parks are attributed to residential use. deéerthe
amount of land in residential use in our data iscimlarger than the medium lot size times the numdfer
households.

20



tax2® The average slope of the land rent function in femam is -6.2% per kilometre, which
compares reasonably with the -9.0% per kilometygonted in Rouwendal and Van der
Straaten (2008). Given our calibration strateggséhslopes should coincide if average lot
size in our model would exactly match the average size in the data. Lot sizes in
Amsterdam rise on average with about 4.0% per kelioey which again compares reasonably
with the slope of +2.4% in the data used by theseesauthord® In particular, this second
finding gives some confidence in our choice of etesticity of substitution between land and
the composite commodity, while suggesting thatniything, this elasticity was chosen too
highly.3* Hence, the calibrated model appears to perforsorebly well, particularly in view

of its highly stylized characters.

Figure 3: Land rents and lot sizes in Amsterdam and Almere
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With the calibrated model, we may calculate thelsis gross of founding costs that
was generated by setting up the satellite Almegethls aim, we first derive the equilibrium
that would result if all households were to residémsterdam. In this equilibrium, the city
size increases with about 12%, and the optimal ldpweent tax rises to almost 16 € £.nm
order to maintain the target utility levet, households need to receive a lump sum transfer of
837 €. The difference between the surplus in the dity equilibrium and the surplus in this
equilibrium then equals 99.7 million €, represegta present discounted value of about 2
billion €. It is this amount that may be spent aistron fixed founding cosf3.

2 By differentiation of the bid rent function (Eqigt 9) with respect to distance, it may be seenréstrictions
or taxes on residential land use which reduceilsslead to steeper land rent gradients. Indeeé&igure 3,
land rents fall steeper with distance to the CBAimsterdam than in Almere.

30 We thank Willemijn van der Straaten for kindly piding us with this information, which is not reped in
the paper.

31 Note that with a substitution elasticity of zees in a Leontief utility function, lot sizes do nedry with
distance to the CBD. This is the case that is oftersidered in the theoretical literature on groadhtrols.

%2 There is some reason to believe that the cosmsaviding intercity infrastructure are roughly ihis order of
magnitude. The costs of constructing the Betuwebjrrailroad with a length of 100 kilometres, almat 6
billion €, and the distance between Amsterdam almdefe is about a third of this length.
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4 Comparative statics and policy analysis

Conditional on the assumptions that underlie ourdehcand its calibration, a welfare
economic framework for the evaluation of land uséigies has now been obtained. In this
section, we present comparative statics of thenwtpolicy, as well as an indication of the
social costs of implementing suboptimal policiesirtRermore, we contrast the optimal
allocation of households over the system of citigth government plans, as illustrated in

Figure 1, for various scenarios of income and dawaqagc growth.

Comparative static analysis

The extent to which both the surplus of foundingagellite and the optimal development tax
in both cities depend on key model parameters psrted in Table 3. As in the previous

section, this surplus is calculated as the diffeeebetween the surplus in the two-city
equilibrium and the surplus in the equilibrium wihe city in which the same utility level is

attained, and it is interpreted as the annualizadumt that may be spent on fixed founding
costs. In order to shed light on the underlying elothechanics, the table also reports
adjustments on the extensive margin (city size)thedntensive margin (average population
density) of land use in each city. These elastigittmay be summed to obtain the

responsiveness of the number of households in @gctvith respect to model parameters.

Table 3
Elasticities of model outputs with respect to kaygmeters
Main city Satellite SS
s NM/ 8 7 S N3/ S °
icc 0.22 0.14 0.26 -1.88 -0.43 -2.30 -4.09
AY 0.71 0.47 0.85 -5.32 -2.32 -6.67 -12.53
y -0.62 0.44 1.11 0.55 0.61 2.06 2.42
w 0.54 -0.99 0.37 3.17 -0.26 3.71 6.37
N 0.53 0.35 0.63 1.25 0.55 1.58 2.76

Notes: The variableS™ andN°® denote the population in the main city and sa¢etespectively. See section 2
for the interpretation of other symbols. The ekisigs in this table reflect changes in variablesa®en different
equilibria, where the target utility level is adjed in each equilibrium so that there are no lunnm $ransfers.
They are computed numerically by evaluating theildgium while multiplying a specific parameter [y001
and then multiplying the relative change in allpuitvariables by 1000.

Let us consider the impact of a 10% increasetierdity commuting costs (amounting
to 573 €). A rise in these costs makes living imAte less attractive. Hence, the equilibrium

share of households that locate in Amsterdam exg&mdh 87% to 90%. Increased demand
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for land pushes up prices here, so the averagatgeaises by 1.4%. Households that remain
in the satellite have lots that are 13 fharger on average, substituting away from the
consumption of numeraire goods. In response to itleeeased city size, the optimal
development tax in the main city rises slightly,ileht falls with 23% in Almere. Perhaps
most significantly, the surplus of founding theedige falls with 41% after a 10% rise in
intercity commuting costs. This suggests that thplas of founding Almere could have been
much higher if it had been setup closer to Amsterdalthough negative externality effects
might then have been induced that are not accouoteid our modef*® Another interesting
implication is that, with a long run decline innsportation costs, the foundation of satellites
becomes increasingly attractive. On the other haodgestion on the intercity infrastructure
network, which happens to be substantial in real#ises the social costs of this policy.

The comparative static impact of raising the arbéity of Amsterdam is qualitatively
similar to the effect of a rise in intercity comrmg costs. The attractiveness of the main city
is increased and the distribution of households ¢ve cities and land consumption adjust
accordingly. Quantitatively, however, the effect® anuch larger. A 1% increase "
already leads to a 1.2% increase the in share wddimlds in Amsterdam, and a 13% loss in
surplus. Besides the way in which amenities ertiBtyun our calibrated model, this is also a
consequence of the fact that the amenability of ttrdam matters directly for a much larger
group of households than the intercity commutingt€o Note that while amenability is
exogenous in our model, it may be regarded assa fiass on endogenous differences in
attractiveness, such as the existence of aggloimeratconomies in production and
consumptior’® This first pass then suggests that positive agetation externalities reduce
the social surplus of founding a satellite.

Comparative static properties of the other paramsanay be interpreted along similar
lines. As it is the negative externality of citgeithat motivates government intervention, it is
not surprising that both optimal development taaed the social surplus from founding a
satellite are elastic with respect to the parametén response to higher development taxes,
households reduce their consumption of land and piyeulation density in both cities
increases. The distribution of households shifigatads the satellite, as the externality renders

33 Ignoring intercity externalities, the optimal diste between Amsterdam and Almere would be zemuin
model, but this is not consistent with our intetption of the city size externality. At least, #sidents of
Amsterdam would want to enjoy true open spaceeautban fringe, the satellite should be so far athay it is
not visible from there. However, one would thinktla 10 kilometres distance would suffice for tiégher then
the 30 kilometres that separate these cities ptigsen

3 As long as satellites are small relative to thénnaity, scale effects in this city are only mamjiy affected by
their foundation.
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the main city less attractive. An increasevmaises the demand for land, which is obviously a
normal good. The income elasticity of average ipésin Amsterdam is approximately equal
to unity, which is also the income elasticity oetdemand for land that is implied by our
utility function. The size of Almere is much morensitive with respect to this variable than
Amsterdam, the income elasticity of the number aifiseholds in Almere being equal to 2.9.
Hence, the social surplus from founding the satei also highly elastic with respect to
household income, and under a long-run upward ti@ndchcomes, this policy becomes
increasingly attractive. Finally, an increaséNipushes up the demand for land as well, and as
prices rise, land use in both cities adjusts adnghd along the intensive and the extensive
margin. Hence, the average consumption of lang fallboth cities, and the distribution of
households shifts towards the satellite. The saaigblus of founding Almere is also highly

elastic with respect to the total number of housdhthat are accommodated in the system.

Social costs of suboptimal policies
While for the calibration of our model, it was assd that negative externalities of city size
were large enough to justify the observed shadawsegrof land use restrictions, it is also
possible that land use regulation is set too kstely. Table 4 explores the welfare economic
consequences of setting a suboptimal policy. Theetkolumns refer to different true values
of the externality parameter and the rows contain policy scenario’s whose oagliiy is
conditional on a perceived value of this paramdter.each column, we report social surplus
for a target utility that obtains under the optinteatd use policy without lump sum transfers.
So throughout the first column for instance, in gvhthere is no negative externality of city
size at all, the target utility level is chosentstitat the optimal allocation is obtained in a free
market equilibrium in which there are neither deyshent taxes nor lump sum transfers, and
there is only one city. Note that surplus valuesnca be compared across columns, because
they refer to different utility functions and tatgeility levels

For a meaningful comparison, it is perhaps mostulise consider the second column
of Table 4, in which the true city size externalggrameter equals 0.136. For sufficiently
large fixed costs of founding the satellite, itoigtimal to accommodate all households in a
single city. The first best development tax is teewal to 6.58 € / fn|f the government fails

to levy a development tax in response to the eatigyn social surplus is reduced by about

35 See our discussion in section 2.
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17%, or almost 2% of disposable household incdiné.the government sets land use
regulation at a level that is too restrictive, amistakenly perceives a valge= 0.272, 7% of
the social surplus is lost. Under a true extemagldrameter of 0.136, the social surplus of
founding a satellite gross of fixed founding castpositive if development taxes are set either
optimally or too restrictively. However, under apal development taxes, only 9 million €

would be left annually for fixed founding costs.

Table 4
Annual social surplus (in 2&) under various externalities and policy scersrio
y=0 y=0.136 y=0.272

One city,7" = 0 0.595 (first best) 0.962 0.630 + FC
One city,?" = 6.58 0.439 1.164 (firstbest)  1.267 + FC
One city,7" = 15.88 0.157 1.079 1.375 + FC
Two cities,7 = 6.40,°= 0.39 - 1.173 - FC 1.395
Two cities,” = 14.00.°=2.52  0.211 - FC 1.104 - FC 1.475 (first best)

Notes: The table shows welfare effects of land pa&cies under various scenarios of true and peeckcity
size externality parameters. True values of thisupater are in columns, and policy scenarios instdw each
column, target utility is the utility level obtaiden the first best equilibrium, in which there are lump sum
transfers and development taxes are set as inabelibe calibration. The terfrC refers to the annual fixed
costs of founding the satellite. Surplus valuesnoarbe compared across columns, as they referfteretit
target utility levels.

Obviously, if no negative externality of city siaxists, all households should be
accommodated in one city, and no development takesld be levied. If the government
does levy a development tax, misperceiving theraatdy parameter to be 0.272, social
surplus is reduced by 74%. In this scenario, theefies of founding a satellite gross of fixed
costs are positive. So, even if there is no larelaxdernality, suboptimal land use restrictions
may render the foundation of a satellite socialsichble. The last column of Table 4
indicates that the foundation of a satellite isi@bc desirable as long as annualized fixed
costs do not exceed 100 million €yiequals its calibrated value. Failing to implemeantd

use restrictions costs 57% of the social surplussgof fixed founding costs.

Optimal planning in scenarios for demographic andame growth
Although we have so far analysed optimal develogneetation, direct land use regulation is
the more common way to steer land use patternghdnNetherlands, national and local

governments plan both the amount of land for regtide development and the number of

% This number is smaller but in the same order ofmitade as the net social costs of growth boundariehe
case of Reading, UK, as estimated by Cheshire dmapard (2002). These authors found that relaxing i
substantially would lead to a welfare gain of alt#% of household income.
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houses to be built in a municipality, and any misth@etween regulated supply and market
demand is consequently reflected in shadow rentgesidential land use. As indicated by
Figure 1, the majority of new houses in the sysfansterdam-Almere is to be realised in the
satellite. It makes sense to contrast these planthe optimal distribution of additional

households over these cities in our model. Tabiediates the number of new households
that should optimally be accommodated in Almereaundarious scenarios. The dimensions
of these scenarios are the number of new housekwmlde accommodated in the system and

disposable household income.

Table 5

Optimal number of households in Almere under vasiscenarios

AN=0 4N = 1000 4N =10,000 4N =100,000
Y = 24000 € 63000 63243 65432 87902
Y =32000 € 110145 110463 113325 142301
Y = 40000 € 137999 138356 141575 174008

Notes: The table shows the optimal number of hanigstfor various values of the disposable houselmdme
and the number of additional households to be antmifated in the system.

If we keep disposable household income at the l#verhich the model is calibrated,
about 75% of all households should be accommodatéte main city, virtually irrespective
of their number. This proportion contrasts starkhith planned construction in Figure 1,
casting doubt on the social desirability of thelssg. However, we have seen that the optimal
proportion of households in Amsterdam is fairly siéme to income. With a real income
growth rate of 1 - 2% per year over a horizon ofy@ars, which is roughly the horizon of
planning documents, this effect is therefore cogrsible. If no new households were to be
accommodated in the system, a real income increas83% would shift the optimal
proportion of households in Almere from 13.5% to328, and a 67% increase would raise it
to almost 30%. So if the costs of demolishing awbnstructing dwellings could be ignored,
houses should be destroyed in Amsterdam and rebulimere, while all lot sizes should be
increased. Since this is a very costly thing tardeeality, it may be sensible to anticipate the
demand effects of future income growth in presandluse plans. If for instance, 100,000
new additional households are to be accommodatatieirsystem and a 33% real income
increase is projected, only about 20,000 new hoskesld be built in Amsterdam, and the
rest in Almere. All other scenarios in Table 5 ihigh disposable household income exceeds

the calibrated value involve a reduction of the benof households in Amsterdam.
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One should realize, however, that adjustments énldhd consumption of individual
households are ignored in this table, althoughcounparative static results indicate that these
are significant as well. Through this channel, dpgimal size of Amsterdam is increasing in
both income and the total number of househdiddence, the findings in this table do
certainly not imply that, in the face of income at&mographic growth, geographical growth
boundaries around this city should remain as theycarrently drawrf® Another caveat is
that transport costs within and between cities aeumed to remain constant in these
scenarios, although in reality, the time costsra¥vel are likely to increase with income. As
we have seen, higher transport costs make Amsterdamore attractive location, thus
counteracting the income effect. Finally, with mgisurplus of founding a satellite, it may
become preferable to accommodate households imdartéw city. This possibility is further

explored in the next section.

5 Extension with multiple satellites

At the end of section 2, we have briefly indicatemv our theoretical framework could be
extended with multiple symmetric satellites. Mainiag parameter values that were obtained
in the calibration, we now explore the consequermdéehis extension for our policy analysis.
Table 6 shows social surplus gross of foundingscasta function of the number of satellites,
as well as the optimal distribution of householdsrdhe resulting system of cities. In order to
enable the comparison of surplus in different elqud, the target utility is held constant at
the equilibrium level in a system with one satell@nd no lump sum transfers. The policy
setting to which this corresponds is a governmeat tlecides to found a certain number of
satellites in addition to the one that exists alye®development taxes are chosen optimally in
all equilibria considered.

When founding costs are ignored, social surplusn@easing in the number of
satellites, but the associated surplus gain falih wach additional satellite. Hence, the
optimal number of satellites may be determineaifffding costs are known. For instance, it
is not optimal to found a second satellite as laadhese costs exceed 59 million € per year,

37 With a 67% income increase and no additional Hooisis, the optimal size of Amsterdam increases with
32%, with 100,000 additional households and norime@rowth, it increases with 11%, and with bothoime

and demographic growth, it increases with 47%.

% The elasticity of optimal total residential lanohsumption with respect to income equals aboutHddvever,

the evidence in Vermeulen and Rouwendal (2007) estggthat income induced demand shifts are not
accommodated at all by the supply of residentiadlJaas a consequence of government interventiotshand
housing markets. If our assumptions about the lasel externality are valid, it follows that this emt of
restrictiveness cannot be socially optimal.
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and with annualized fixed founding costs of abdutdllion €, the government should set up
three satellites in addition to the one that igadily in place. As the third and fourth columns
in Table 6 indicate, the number of households ertlain city and a typical satellite are both
decreasing in the number of satellites. Nevertlselgszen the calibrated parameters in our
model, even in a system with 7 satellites, the no#ynshould still contain about two thirds of

the population.

Table 6
The foundation of multiple satellites
#(satellites) SS(10° €) ASS(10° €) NV /N N’/ N
1 1.48 99.7 0.865 0.135
2 1.53 58.6 0.794 0.103
3 1.57 40.0 0.748 0.084
4 1.60 29.6 0.716 0.071
5 1.63 23.0 0.691 0.062
6 1.64 18.6 0.672 0.055
7 1.66 15.4 0.656 0.049

Notes: The table indicates the social surplus dsatwith an increasing number of satellites, @i as the
distribution of households over the system of sitiehe second column derives from the first ondicating the
surplus gain from founding the marginal satellif@rget utility is the utility level that is obtaidein the
equilibrium with one satellite without lump sumrnsders. In each equilibrium, development taxesazsimed
to be set optimally.

As we have seen, the surplus of founding a steafi elastic with respect to model
parameters and as a consequence, the optimal nwhbatellites must be sensitive to these
parameters as well. Again, given the institutionahtext in which housing supply in the
Netherlands takes place, it is interesting to se® the optimal number of satellites alters
with the number of households that are to be accodated in the system. Hence, Figure 4
shows the number of households in the main cityarepresentative satellite as a function of
the number of new households, when an optimal pokith respect to the foundation of
satellites is conducted. We assume annualized fieedding costs of 60 million €, so that
foundation of a second satellite is just not dédéran the calibrated equilibrium.

Given these fixed founding costs, the foundatiba catellite becomes optimal with
5,000 additional households already. At this pdiné optimal number of households in the
main city drops to 370,000, whereas the optimal lmemof households in both satellites drops
to 52,000. Foundation of the third satellite becsrdesirable when 58,000 new households
are to be accommodated in the system, and the nushbeuseholds in the main city and all

satellites then drops to a slightly higher valuanthwith 5,000 additional households.

28



Interestingly, the peaks in the number of househatdeach city become lower, when the
total number of households in the system increageslemographic growth does not appear

to call for major expansions of the main city oe first satellite in this model.

Figure 4. Number of households in main city and

a representative satellites under demographic growth
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With annual fixed founding costs of 60 million ®daan income elasticity of the
surplus of 6.4 (see Table 3), the equilibrium numibiesatellites is particularly sensitive to
household income. If this rises to 32,000 €, dlready optimal for the government to found 5
additional satellites in our model. In the resutisystem of cities, almost half of all
households remain in the main city and each s&eatbntains less than 10% of the total
population. So, although our analysis in the presigection suggested that when expected
real income growth is taken into account, new hbakis should be predominantly
accommodated in Almere, it now appears that, ag &nfounding costs are not too high, they

should rather be accommodated in new satellitéisase scenarios.

6 Conclusions

We have shown that the existence of a negativerextity of city size may, from a welfare

economic perspective, justify the imposition of \gtb controls and the foundation of

satellites. With rising incomes and declining tgor$ costs, the foundation of satellites
becomes increasingly attractive. This suggestsdiuatered deconcentration, a policy that is
or has been conducted in various European countriag be a socially preferable alternative
to unregulated urban sprawl. Even so, growth cdmitsbould be less restrictive in satellites
only to the extent that the externality is lesevaht for people in small towns than for
inhabitants of a big city. In particular, it is revoptimal to subsidize land use in a satellite

with this type of externality.
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The widespread popularity of urban containmenicped renders the existence of a
negative externality of city size plausitdepriori, and it is commonly assumed in a class of
theoretical growth control models (cf. Brueckned99). It should be borne in mind, however,
that the welfare economic motivation for a clustiedeconcentration policy depends crucially
on the precise specification of this externalitgr instance, if the relevant externality relates
to the total stock of open space, as in BrueckB@01) and Bentet al (2006), it is never
optimal to found a satellite, as this increaseglezdial land use at the regional level. If on the
other hand, people value proximity to public parkach more than access to open space
outside cities, as suggested by Cheshire and Sttegp@01), neither the imposition of
growth controls nor the foundation of satelliteg aalled for. And to the extent that traffic
congestion externalities are relevant, congestidis tare preferable to growth controls in a
first-best environment. Making use of a calibrateddel, we find that the optimal land use
policy is also highly sensitive to the quantitatisignificance of the city size externality.
Moreover, the social costs of implementing a suipogit policy appear to be substantial.
Hence, policymakers should acquire a thorough wtdeding of the type and size of land use
externalities before embarking on clustered decatnagon.

Our analysis is applied to the cities of Amstendand Almere. In the model
calibration, parameters for the negative extematit city size are chosen that render the
observed shadow price of land use restrictionsnugdti It is implied that households in
Amsterdam should spend about 10% of their income development tax, or alternatively,
on the increase in prices that is caused by larel restrictions. While this extent of
restrictiveness is optimal in our analysis by agstion, the calibrated model may be used to
shed light on plans to accommodate new housing dénma the region predominantly in
Almere. In a comparative static analysis, we fihdticeteris paribus about 75% of new
households should be located in Amsterdam. If edggeilmcome growth is taken into account,
it makes sense to concentrate household growthmere, but Amsterdam should be allowed
to expand nevertheless, because household dematahdbis pushed up. Furthermore, both
demographic and income growth make it increasirgisactive to divert new households to
new satellites, if we allow for them. Hence, it msedifficult to reconcile present plans for
restrictions around Amsterdam and growth in Almerth the optimal policy that is dictated
by a negative externality of city size.

A number of caveats apply to these policy recommagads. Land use restrictions in
Amsterdam exist partly because of its proximityatoairport and some areas near this city do
arguably have special environmental or historiedlig. We abstract from such considerations
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in our model. Interpretation of the income growtieisarios is somewhat troubled by the fact
that housing and urban structure are not malleiabeactice, while our analysis assumes that
they are. A large share of the housing stock in #nadam is allocated to the social rental
sector, so our assumption of market based housugply is not fully appropriate.
Furthermore, labour markets and economies of agglation have been dealt with in a very
stylized manner. Finally, heterogeneity and disfitnal aspects are ignored in this paper,
even if various studies indicate the relevanceuchassues (cf. Cheshire and Sheppard, 2002,
Bentoet al, 2006). In particular, even if we abstract fronyaent seeking behaviour that it
might induce, benefits from the direct regulatioh land use that is common in the
Netherlands accrue to a significant extent to thaeys of land, and a full analysis of welfare

effects should therefore take account of their prageight in aggregate social welfare.

Appendix: Data used for the model calibration

This appendix accounts for the data sources anchasin procedures used to obtain the
figures in Table 1.

* The number of households in Amsterdam and Almerhaenyear 2002 is reported by
Statistics Netherlands.

* The median lot size is computed from transacti@ongs by the Dutch Association of
Realtors (NVM) in the years 1999 and 2000. As asueafor lotsize, we have used
the total surface for condominiums, and the lotsigeecorded by the land registry for
single family dwellings. The amount of land useddmndominiums is smaller than
the total surface in the case of high-rise buildinigut land use was not observed in
our data for many apartments. As the share of ammaiams is significantly larger in
Amsterdam, this implies that we may overestimatelémd use per household in this
city in particular. On the other hand, the amounhigh-rise residential buildings is
limited by regulation, so that this bias may beited as well. Furthermore, it should
be borne in mind that these figures refer to thenenaoccupier sector, whereas the
social rental sector is particularly large in Amdem. Since social housing
construction is rather insensitive to market signahis implies that we may
underestimate the average lotsize for the totasimgustock in this city.

* Rouwendal and Van der Straaten (2008) estimatavwbeage price of residential land
in Amsterdam in a hedonic analysis of house priges806 € per fa We have

estimated the average lot size in Amsterdam as 95smthe value of land in an
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average house amounts to about 77,000 €. Discguwiithh a rate of 5%, this yields
an annual expenditure on land of 3,800 €. The aeedisposable household income
in Amsterdam is 24,000 €, using data from a Dutobsing demand survey (WBO)
for the year 2002. Hence, we estimate the averageneliture share of land in the
household budget to be about 16% in Amsterdam.

At the municipal level, 37% of the non-agricultutaihd is allocated to residential use
(data for 2005, provided by the municipal governmehAmsterdam). This figure
may underestimate the share of space in residam&liwithin the urban area, given
the way municipal borders are drawn. Using the sdata as in Rouwendal and Van
der Straaten (2008), the share of land in residknte has been estimated to be 53%
in the centre of Amsterdam, and 36% in a more perg neighbourhoodzZ(ider
Amste). For the calibration, we use a share of 40%. Nzt this is also in
accordance with the share of land in residenti& wghin urban areas in Reading
(38%) and Darlington (43%), as reported by Chesdune Sheppard (2002).

As jobs in Amsterdam are scattered over the erlity it seems problematic to
calibrate annual transport costs to the CBD byresing travel times and inferring
costs and the valuation of time. Instead, we caléthe parametdron the slope of
the bid rent curve. In a hedonic analysis of hopisees in Amsterdam, Rouwendal
and Van der Straaten (2008) report that a 1 kiloengicrease in the distance to the
city centre decreases the value of a house by &¥dittonal on a range of control
variables. We use this coefficient to estimate tthasport costs per unit of distance

from the CBD. By use of the envelope theorem, ttrévdtive of the bid rent function

with respect to transport costs equalg /or =—t/s *, where § * follows from
solving the consumer problem. We rewrite thistte—p's *alog(pj)/ar. From the
estimates in Rouwendal and Van der Straaten (2008)llows thatalog(p: )/ar is

equal to -0.00009. Fop's ‘e substitute the average annual expenditure o, la
which equals 3,800 € (see our discussion of theemditure share of land in the
disposable household income). This yields an estimfathe annual travel costs per
meter of distance from the CBD of 0.34 €.

In an analysis of possibilities for new constructim North Holland, SEO(2003)

estimates the price of agricultural land at 4 €% end the costs of conversion to
residential land at 37 € /it is assumed here that the share of conversidhe total

construction costs is in accordance with the shldiréand conversion in the total
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production by building contractors in national aaots, and the estimate of the
conversion costs obtains by multiplying this shaith the average construction costs
per square meter in North Holland.

The shadow price of land use regulation is estithdtg subtracting the price of
agricultural land and conversion costs from thegrof residential land at the city
fringe. The Amsterdam city fringe is represented tbg Bovenkerkerpoldein the
south of this city. Ecorys-NEI (2004) estimates ¥h&ie of a newly constructed house
in this area to be 344,000 €. Subtracting landyeosion and construction costs, they
estimate the shadow price of land use regulatiobeo42,000 € per house. These
calculations assume a density of construction ofi@éses per hectare. Assuming that
40% of the land is used for housing, this yieldsasrrage housing size of 154.m
Hence, the shadow price is 273 € per meter, whicbuats to 14 €/fmper year® The
same study estimates the shadow price of landaggdation in Almere to be - 5,000 €
per house, which amounts to -1.6 €/per year. This estimate suggests that the price
of new housing in this city is not sufficient toves all costs associated with its land
use and construction, so that residential landrugémere is effectively subsidized.
The quality controlled house price differentialistained by regressing the logarithm
of house prices on housing characteristics and desmfor Amsterdam and Almere,
using the WBO data again. The characteristics asedhe type of house (detached,
semi-detached, terraced corner, terraced non-caapartment), the number of rooms,
the size of the living room and the kitchen, aualley of an elevator, garage, garden,
balcony, central heating, double glazing and theogdeof construction. Controlled for
these characteristics, housing in Amsterdam is 818te expensive than the national
average, and in Almere it is 6% less expensive.

The area of the municipalities refers too land omsly it ignores cannels, lakes and
other water. It should be noted that the municipaiders are drawn quite widely
around the built up area. For instance, the muaicspare of land in agriculture was
18% in Amsterdam and 33% in Almere (BodemstatisB8R0). Hence, this is likely
to be a poor proxy for the size of the two citi@shough it still gives some rough idea
of their order of magnitude.

39 SEO (2003) estimates the shadow price of landerpelation in Amsterdam to be 550 €/rwhich is almost
twice as high as our estimate. However, local cosiga and construction costs are estimated morghigun
this study, and it considers average house pricésristerdam, rather than prices at the city frifgevertheless,
this suggests that our estimate of the shadow pfitand use regional in this area is conservative.
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» Theoretically, we have modelled the intercity istracture as a direct link between
the CBD’s of the main city and the satellite. lality, residents of Almere have to
travel to the Amsterdam fringekrfooppunt WatergraafsmgerFrom that point
onwards, they face about the same travel costeagle who live near the fringe of
Amsterdam. Hence, we proxy the transport costsdféigea resident of Almere by the
sum of the transport costs from Almere to the feirgf Amsterdam and the transport
costs from the fringe of Amsterdam to the CBD. Tita@sport costs from the fringe of
Amsterdam to the CBD follow from our estimatet@nd the size of Amsterdam. The
distance from Almere to the fringe of Amsterdan® kilometres, and the average
velocity during rush hours is about 60 kilometre=r mour. The Dutch Transport
Research Centre (AVV) estimates the valuationafel time in 2005 to be 8.43 € per
hour, and the variable costs of car use are estnat be 0.101 € per kilometre. This
results in daily commuting costs between Almere trel Amsterdam city fringe of
about 12 €. With 260 working days a year, the ahoosts are then about 3100 €.
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