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Abstract. We model residential land use constraints as theome of a political
economy game between owners of developed and owaarsdeveloped land.
Land use constraints are interpreted as shadow tas¢ increase the land rent of
already developed plots and increase the costwalolging new housing units. At
equilibrium, locations with nicer amenities (or lemdevelopment costs) are more
developed andgs a consequence, more regulated. We test our model predictions
by geographically matching amenity, land use, amsdohcal Census data to
metropolitan area level survey data on regulatestrictiveness. Following the
predictions of the model, we use access to thet @saan instrumental variable
and we control for a number of alternative expleomet in order to demonstrate
that metropolitan areas with better access are meveloped and more tightly
regulated. Consistent with theory, more regulateztropolitan areas also grow
more slowly.

JEL classification: H7, Q15, R52Keywords: Land use regulations, zoning, land
ownership, housing supply

" This paper replaces and extends our 2006 unpeblipaper (Hilber and Robert-Nicoud, 2006) in aetgrof
directions. We thank (without implicating) Alex AsilaJohn Antonakis, Jan Brueckner, Marius Brilhdggn
Cavailhes, Paul Cheshire, Gilles Duranton, Stev#b@is, Yoshitsugu KanemotGerrit Knaap, Rafael Lalive,
Tim Leunig, Jim Markusen, Florian Mayneris, Murikleunier, Henry Overman, Mark Patridge, Michael
Storper, Jacques Thisse, Wouter Vermeulen, graduataindergraduate students to whom we have tahight
material, as well as conference/seminar particpattthe LSE, RSAI annual conference (Toronto), ANR
(Dijon), ERES annual conference (Krakow), Erasmusversity of Rotterdam and HEC Lausanne for helpful
discussions, comments and suggestions. We ardgrimdraven Saks for kindly providing the reguigtindex
data. Alejandra Castrodad-Rodriguez, Ralph Van BoBelix Weinhardt and especially Ben Dachis predid
excellent research assistance. The remaining arerthe sole responsibility of the authors.

& Department of Geography and Environment, L8Eilber@Ise.ac.gk

® Spatial Economics Research Centre (SERC), LSE.

¢ Department of Economics, University of Genefraderic.robert-nicoud@unige.xh
d Centre for Economic Policy Research (CEPR), London




1. Introduction

The ‘credit crunch’ that triggered the ongoing wiavide recession finds its source in major
imbalances in the U. S. housing market. Local aadroeconomic shocks constantly interact
with asset markets and, as the most important aasegory for most households, housing is
no exception. In markets with a relativehelastic supply of land or housing, demand shifts
mostly affect house prices. Conversely, the quandit housing is the main variable of
adjustment in housing markets with land readily veshble into new developments. The
determinants of the supply elasticity of land magy fihysical (topography) or man-made
(regulations restricting land use). In this papeg, focus on the latter and develop a general
theory of the determinants of land use regulatidfs. test its empirical implications on a
sample of the largest Metropolitan Statistical ArésISAS) in the United States. Our theory
suggests that places that are more developed aniadal are also more regulated.

From a historical perspective, land use regulatemesa recent phenomenon. In the earl‘9 20
century, when only about a quarter of humans livedrbanized areas, few cities had any
zoning laws. San Francisco (1880) and New York Cli§16) were early exceptions. Now
that eighty percent of the U.S. and over half & World populations live in cities (United

Nations 2007), land use regulations are ubiquitougall developed countries. Our theory
proposes a causal link from this demographic pat(grcreasing urbanization rates) to the

political one (increasing regulation).

Land use regulations impose substantial restristmmthe property rights of landowners, they
take many forms (e.g., zoning, growth boundary st building height or minimum lot size
restrictions), and they serve various purposes, (@tgrnalizing visual and fiscal externalities,
rent-seeking). Though they differ in purpose, kel scope, all these regulations have a
component in common: they act as quantitative ictstins to land use and, as such, they have
a shadow tax equivalent. These taxes can be eXirdngh and they vary considerably across
and within countries. Though a breadth of literatsitudies theffects of such regulations on a
variety of outcomes, the literature that studies daterminants of land use restrictions is
sparse. In this paper, we provide a general, sinipbory that explains why land use
restrictions might vary across space and we contreequilibrium predictions of our model
to data from the United States. By nature, our the@annot explain each specific form of
land use regulations; instead, we take a genesal of how regulations are determined. The
determinant we emphasize in this paper poltical struggle among conflicting economic



interests that does not only include residents but also éatee landlords’ and owners of
undeveloped land.

In the current paradigm, most authors hypothesiaethe dominant determinant of land use
restrictions is the homeownership rate. Fische280(, 2003) ‘home-voter hypothesis’
postulates (i) that homeowners favor land useiogisins so as to protect the value of their
property and (ii) jurisdictions that have a largember of homeowners should be more
regulated, since the ‘swing voter’ is more likely be a homeowner. In our view, this
explanation is incomplete. Although planning boaads typically elected by local residents,
the election process in general and the decisibptaaning boards in particular may also be
influenced by lobbying of absentee landlords on dhe hand and owners of undeveloped
land on the other hand. Our ‘influential landownieypothesis is that this conflict of interest
is of first order importance in shaping land usgutations and that other explanations may
also be useful but are of second order importatrcehis seminal paper, Molotch (1976)
claims that various urban groups seek to influghee'urban growth machine’ in a way that
favors their interests at the expense of otherbablrelites, including environmentalists and
homeowners, form one such group that typically favarban growth restrictions. Land
developers, typically opposed to such restrictibmsn another one. Accordingly, we develop
a theory in which the objective function of plamgpiboards aggregates local ‘land-based
interests’ (Molotch 1976). Our aggregator is a mersof the common agency framework
developed by Bernheim and Winston (1986) and Grassamd Helpman (1994): each place
independently and non-cooperatively chooses theedegf regulation that maximizes the
aggregate local land rent; this regulation benéfiessowners of developed land but makes the
owners of undeveloped land worse off. In the comm@gency framework, the various lobbies
influence the planning board by offering contrilbas that are contingent on all feasible
regulations; in the literal interpretation of thisrking hypothesis, stakeholders (or lobbies)
bribe the planning boards and other decision bddiéswever, we understand the word
‘influence’ in a broad sense that includes morddpenases, such as pressure groups acting as
experts and conveying useful information to theceiges they actively lobby. Reconciling

the two interpretations, legal contributions may laccess to pressure groups and provide

! The recent indictments of the Chicago land devalamd fund raiser Tony Rezko by federal prosestiror
investigations involving the lllinois Governor Rd®lagojevich in December 2008 and of Baltimore Mayor
Sheila Dixon in January 2009 for taking over twethtgusands dollars in gifts are only the latestingiers that
this is more than a theoretical possibility.



credible information to legislators in the senseAakten-Smith (1995) or Lohmann (1995).
As a result, we expect the regulatory restrictigsnéo be strongly correlated with any
measure of the influence of owners of developed lafative to the influence of owners of
undeveloped land. Using the share developed I8BdL) in a MSA as a proxy for the relative
influence of the two groups, our empirical reswdte strongly supportive of that view; by

contrast, they do not support the homevoter hysighe

Figure 1 illustrates the flavor of our findings.néaa plots the Wharton Residential Urban
Land Regulation IndeX\YRLURI ) — a measure of regulatory restrictiveness —fier ytear
2005 computed by Saiz (2008) against SDL in 199296 of the largest MSAZ.The
correlation between these two variables is 0.32 it statistically significant at the one-
percent level. Figure 1 (Panel c) reveals thatrtHationship between SDL and land use
restrictions has been positive since the late 1/9888s at least (the regulatory index for the
late 1970s and 1980s on the vertical axis in Pamas been computed by Saks (2008) for 82
MSAs; we subsequently call this ind8AKS). The remaining two Panels (b and d) in Figure
1 suggest that the relationship between WRLURIAKS and the homeownership rate at the
MSA level (for the year 2000 or 1980, respectivédyhegative’ Below, we regress WRLURI
on SDL in 1992 to show that there is a causal batween these variables. We also test for
alternative explanations (like the homevoter hypsitf) and we address the endogeneity
issues related to the focal explanatory variadlesur baseline specification, we find that a
one standard deviation increase in Suses an increase of the WRLURI by 0.54 standard

deviations.

Two words of caution are in order regarding thenmattive implications of our results. First, if

lobbies contribute directly and financially to ptamg boards, then this does not entail any
loss to society at large (leaving aside redistileubr ethical issues). By contrast, if pressure
groups hire lawyers to spend precious time andrath& resources to bend the planning

board towards their own interests, then such ressuare wasted from the society’s point of

2 The non-partisan research group Centre for Resmorizolitics reports that the National Associatioh
Realtors (3.9 million US$) and the National Asstioia of Home Builders (2.1 million US$) both entire
CPR’s top-20 list of Political Action Committeesmtnbuting to federal candidates in 2007/2008.

% Of course, lobbying activities are rabtectly reflected in regulatory indices, such as the WRLURfact, real
estate developers may spend significant effortsabsipg restrictive regulations that they distasthar than
preventing them in the first place. However, we ldogxpect a strong positive correlation betweensuess of
regulatory restrictiveness and the relative pditinfluence of owners of developed land. In thimtext it is
important to note that elected officials are eetitto vote on matters that benefit their campaigmtrdoutors.
They are merely not allowed to “sell” their votes €ash or personal favors (Lefcoe 2005: 879).

* Note that the homevoter-hypothesis predicts atipesielationship. Our empirical results revealttitfais
negative correlation rarely survives in rigorougp@al work.
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view, as stressed by Tullock (1967) and Kruegei74)90Obviously, such wastes are very
likely to apply in practic8. The Centre for Responsive Politics (CPR) repditt the real
estate sector spent over 62 million dollars lobbytime U.S. Congress and federal agencies in
2008 aloné.These CPR figures exclude contributions to staléigians or local agencies.
We have strong reasons to expect that contribut@nshe local level are even more
substantial. While realtors benefit from tighter regulation thacreases house prices and
consequently transaction related fees, land deeetopenefit from flexible zoning laws that

facilitate future development.

We also want to stress that our interpretatiorhefrmodel and of our empirical results does
not exclude the possibility that the observed raguy outcomes are close to the first best
policy. However, even when the observed outcome is cto§iest best, such policies create
losers and winners. Owners of plots of land judside a city growth boundary are clearly
worse off than owners of neighboring plots thatl fmist inside the area zoned for
development, since the former commands a lower tant than the lattérTo allow some
role for the welfare economics explanation (wherekgulation is an instrument that
optimally corrects for market failures), we inclugepulation density in developed areas as a
control. It is a reasonable proxy for the welfacer@omics view if one accepts the assumption
that externalities require more frequent corrediondensely populated places. It turns out
that population density is statistically insign#it in all our empirical results, providing no

support for the welfare economics view.

Some people may be more favorable to regulationgemeral than others for cultural or
ideological reasons (e.g. ‘liberals’, in North-Anoan parlance). These people might
disproportionately reside in the most developedgsaand influence the polity accordingly)

for reasons that are exogenous to the politicabgle emphasized by our mod&ITo control

® Gottdiener (1977) provides direct evidence thaiters with political connections to the leadershigre more
successful in obtaining re-zonings than lawyersait traceable connections.”

® Freddie Mac, Fannie Mae and the Federal Loan Bamisther amount for about 11 million dollars. See
http:/Mww.opensecrets.orgr details.

" Plenty of anecdotic evidence suggests that realtand developers and environmentalists figurenimently
among the major lobbyist-employers and donors &xtetal campaigns, e.g., in California. Se#p://cal-
access.ss.ca.g@web site of the Secretary of State of Califoraiecessed January"22009).

8 Maximizing land value is equivalent to maximizisgcial welfare in the small open city model (Bruseik
1990). See e.g. Fischel (1992) and Duranton (188&urveys on the economic foundations of zoning.

°® Examples of growth boundaries include Portland, BBulder, CO, and ‘green belts’ in the UK. In thei
detailed study of Reading, UK, Cheshire and Shepifad02) find that both costs and benefits of lase
planning are high; their results suggest that #tenelfare effect of such restrictions is negativéheir sample.

19 Gyourko, Mayer and Sinai (2006) provide evidentkauseholds sorting across U.S. MSAs along income.
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for these influences, we include the percentagetds collected by the democratic candidate
in prior U.S. presidential elections as well asigagl dummies? Ceteris paribus, cities in
states that are democratic-leaning are relativadyennegulated, as are cities in the West and
the North-East; cities in the Mid-West are the tegagulated. These cultural and ideological
controls are statistically significant in all oupeifications. Finally, in a similar vein,
households may sort by income and higher incomepgonay have stronger (or weaker)
preferences for regulation. To check whether osulte may be driven by such sorting we
control for household wages, but this variable $upnt to be insignificant. Interestingly, the

quantitative impact of SDL on regulation gets sgy@nwhen we add all these controls.

To summarize our findings, we find strong empirisaipport for our political economy

mechanism that stresses the role of influence aifd|based interests’ as well as for the
ideological and cultural control variables. We find supportive evidence for either the
homevoter hypothesis or the welfare economics Vide.want to stress that the primary aim
of the paper is to uncover the role of ‘land basgerests’, not to run a fair horserace among

several possible explanations. Our work is onlyst $tep in this direction.

The rest of the paper is organized as follows. Blecsively review the relevant literature in
the next section. Section 3 introduces the moddlsmtves it. Section 4 tests our empirical

predictions and conducts a battery of robustnessksh Section 5 concludes.
2. Related literature

The restrictiveness of land use regulations vastesngly across the United States. Glaeser,
Gyourko and Saks (2005a, b) estimate that the lfag¢gny tax’ represents more than half of
house values in highly developed places such ashdtan or San Francisco but zero in
Detroit or Pittsburgh. Estimated regulatory taesalso vary greatly across European cities.
Cheshire and Hilber (2008) estimate the regulataryfor office space relative to marginal
construction cost to range from 68% in Brussel®ver 800% in the London borough of

Westminster.

The first empirical contribution of this paper @ itlentify the origins of this cross-sectional
variation. Evenson and Wheaton (2003) and GlaesérVdard (2008) regress measures of

1 \We use presidential elections because the relelaite set is the same for all U.S. voters actiossvhole
country: using state elections, for instance, wdié$ our results because New England Democratdiféeeent
from Southern ‘Dixie’ Democrats; likewise, Califaam or Mid-West Republicans tend to be more coreters
than their North-Eastern counterpart. In additiesing presidential elections provides time variatfabsent in
regional dummies), which is useful when we repéaadr analysis with the 1976 SDL data and SAKS.
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various types of land use regulations on historacad other characteristics of Massachusetts
towns. For instance, historical population dengli§15 in the case of Glaeser and Ward) has
a positive effect on current minimum lot size resimns. However, they conclude from this
exercise that ‘the bulk of these rules seem moedgraandom and unrelated to the most
obvious explanatory variables’ (Glaeser and War@82@). Our analysis shows that looking
at joint measures of regulation (WRLURI and SAK8Y aggregating across the major U.S.
MSAs reveals systematic patterfibe most closely related study to ours is SaizG08& and
the papers complement each other in important wags.each MSA in his sample, Saiz
builds a measure afevelopable land and regresses WRLURI on this measure. His findings
suggest that cities with a relatively small frantiof developable land are more regulated. By
contrast, we create a measuredefeloped land (SDL) that has developable land at the
denominator? Therefore, we take the physical constraints taeging human settlements in
existing MSAs as given and, guided by our theorg,aim to understand how the fraction of
land actually developed influences regulation, emphasizing political eaogomechanisms.
Our model also suggests that the most desirabtegla the U.S. should indirectly be the
most regulated. This accords well with the findin§$laeser et al. (2005a), who find that the
regulatory tax is highest in the Bay area and invNé&rk City (Manhattan in particular)
while they find no evidence for a regulatory taxpiaces such as Pittsburgh or Detroit. In
addition, our paper enables us to shed a new peigpen some of the results unveiled by
Burchfield, Overman, Puga and Turner (2006). Fetance, they find that cities with better
natural amenities sprawl more than others — likmgause of minimum lot size restrictions
that reduce the capital-to-land ratio. In the modsk attribute this phenomenon to
endogenous land use constraints; in our empiricakywe find that locations with more

desirable amenities are more developed and mottated.

Second, a dynamic interpretation of our model iasent with the findings of Fischel
(2004), Gyourko, Saiz, and Summers (2008), and Rd889). According to Fischel (2004),
the origins of land use regulation are within larggies but zoning then spreads quickly to
the suburbs and towns surrounding the cities. Isinailar vein, Gyourko et al. (2008)
document that municipalities within MSAs tend to b®re highly regulated than the

counterparts outside MSAs. The most direct evidghee the timing and restrictiveness of

2 To construct his measure of developable land, $2008) uses the U.S. Geographic Service’s Digital
Elevation Model and excludes rasters on water lsoavetlands and those that have a slope of 15%ooce.riVe
use a comparable dataset, except that we definshidm® of non-developable land in an MSA basedaod |
cover data. In doing so, we follow the approactHidiper and Mayer (2009). See also Burchfield e{2006).
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zoning is tied to the distance from the centray cbmes from Rudel (1989) who shows —
using disaggregated municipal level data for Cotiogic— that the municipalities adopted

land-use laws later if they lived at a greateratise to New York City.

Third, we find that current regulations slow dowawndevelopment confirming the findings
of Quigley and Rafael (2005) for California or Gdae and Ward (2008) for Greater Bostdn.
Our estimates imply that a one standard deviatifierdnce in MSA-level SDL in 1976
results in a 2% percentage point-difference ingttoevth of housing supply between 1990 and
2000 via differentially affecting regulatory restiveness during the late 1970s and 1980s.

This accounts for almost 20 percent of the growthaw construction during that period.

We also contribute to the theoretical literatures@veral ways. First, our combination of a
discrete choice model and of a standard monocetit§idMCC) model for the ‘macro’ and
‘micro’ location decisions, respectively, is unigirethe urban economics literatufeThis
combination provides a useful generalization of ¢herently extreme versions of the MCC
model, whereby each city is either fully isolatédosed’) — in which case population supply
to each city is inelastic and utility varies acragges — or small and fully ‘open’, in which
case the utility level is exogenous to each citgd @opulation supply is infinitely elastic
(Brueckner 1987). In our model, both city sizes amdrage utility levels vary across MSAs
and are determined endogenously. The key distimatiorks as follows. The literature on
systems of cities, including Henderson (1974) git&uMori and Krugman (1999), assumes
that each city is a-priori identical on the demaidk, i.e. from the mobile population’s point
of view (‘consumers’). This is a limiting case, iaghe case of homogenous products in the
imperfect competition literature. Our model relakigis extreme assumption by assuming that
cities offer heterogeneous amenities, which areedadifferently by heterogeneous workers,
as in the industrial economics discrete choice rnsoffenderson, Palma and Thisse, 1992).
This generalization has many benefits, one of themg that we can easily use the model to
study strategic interactions among jurisdictions.

This leads us to our second contribution: jurisditd set their policies non-cooperatively and
a jurisdiction’s policy spills over to other comnities because consumers are mobile, as in

3 Therefore, as also suggested by our theory, tlsese two-way relationship between regulation and_SD
resulting in a downward bias of the coefficientSiiL in regressions where regulation is the dependaiable.
This is why we instrument for SDL in our centrajjressions.

* To the best of our knowledge, Quigley (1976) is finst study to include discrete location choiedhe urban
economics literature; by contrast to us, he usedaa utility to model location choicegthin cities. The role of
amenities in household location decisions acrdfssdias been addressed by e.g. Roback (1982).

7



Brueckner (1995) and Helsley and Strange (1995ulhmodel, the Nash equilibrium in land
use regulations exists and is unique under faiilg conditions; Helsley and Strange (1995)
use a model in which at least one jurisdictionnactive and acknowledge that ‘it is not
possible to consider population controls when athmunities are active without substantially

modifying [their] model’ (p. 456). We propose onel modification.

Third, Fischel (1978) and Ortalo-Magné and Prat0{d0 among others, assume that local
planning boards cater to the interests of localeggs and implement the policy chosen by
majority voting. By contrast, we assume that landers lobby and influence planning boards
and that these implement policies that maximize hadue as a result. Such policies may then
hurt consumers and overall welfare, as stressdgrbgckner (1995) and Helsley and Strange
(1995). In addition, Brueckner and Lai (1996) focus the distinction between absentee
landowners and resident landowners. Unlike the &oyriine latter rent land to themselves, so
they partly factor in the consumer loss that regute entail. By contrast, we emphasize the
conflict between the interests of owners of devetbpand and those of the owners of

undeveloped land, irrespective of their place sidence.

Finally, a large body of literature aims to explée economic effect of various institutional
democratic arrangements.Our paper adds to the literature explaining thesea of
institutions. La Porta, Lopez-de-Silanes, Schledad Vishny (1998), Acemoglu, Johnson
and Robinson (2001) and many others study thersrigf uneven economic development,
addressing the issue of the endogeneity of ingiitat arrangements at the country level. The
spirit of our work is similar to the first stage b& Porta et al. (1998) and Acemoglu et al.
(2001): we ‘explain’ the cross-MSA variation of thruse regulation (using a political

economy mechanism in our case).
3. The model

The set of players and the timing of the game arkows. In stage 1, the planning boards
of a set of jurisdictions simultaneously chooseoaizg policy, taking the other planning
boards’ choices as given. In stage 2, household® nogation decisions of two kinds. They
first choose a jurisdiction where to live; a bidgliprocess for land then allocates households

within each jurisdiction and finally payoffs areaheed. The equilibrium concept is a

> For instance, in their worldwide sample of demoi@s, Persson and Tabellini (2003) find that presicl
regimes have smaller governments than parliamentgiynes. Feld and Matsusaka (2003) provide evienc
from Swiss Cantons that mandatory referendums eethe size of government spending by almost a éiftthe
median, and Besley and Case (1995) find that galberial term limits in the United States effectiveeduce
the accountability of Governors for whom term lisnéire binding.
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(subgame perfect) Nash equilibrium in zoning pebkciWe now formally describe the set of
players, their strategy sets and their payoff fiomst

3.1. Households’ location choice

In stage 2, a continuum bf households allocate themselves to a nurdlyet of jurisdictions

(or cities)*® Households established in cjtglerive utility u, jO0O={,...,3}. Following the
Random Utility Theory, which finds its origins in psychology, we assuthatu; is a random
variable and we model the fractidh of households that choose to live in cityas
f, =Pr{u; =max u, kT }. Specifically, the household-specific realizatafn;, denoted as
ui(h), has a common componeﬁ} and an idiosyncratic, households-specific compbnen
&,(h), with h{J[0,H]. That is, we assume

u; (h) :\7j +£&,(h), & (h) ~ii.d.G; (@ Q)

f,l7

whereG; is the jurisdiction-specific cumulative density &f."" The common componeﬂ;

is deterministic and summarizes the monetary casts benefits from living in city; the

idiosyncratic componeng;(h) summarizes the utilityh derives from consuming local

amenities. Households are heterogeneous in thgreaiation of these amenitié&.The

economic interpretation of (1) is that the detelstio component\7j is observable by the
modeler or the econometrician and that the randomponenté, (h) can be observed only

imperfectly (Manski 1977)?

8 We work with MSA-level data (for reasons to be lakped in section 4) so one way to interpret thelehds
to assume that there is a representative juristi¢dand hence a representative planning boardgdh city.

" We assume that the support@fis convex and thas; is twice continuously differentiable over the safp
We also assume that for arnyhat belongs to the support®f Pr{& =x =0 .

'8 To fix ideas, think of as being either Boulder, CO or San Francisco, G#eriTsome people like skiers enjoy
the proximity of the Rockies more strongly, whiléndsurfers value the proximity of the Ocean morersjly.
Ceteris paribus, the former will prefer to liveBoulder, CO relative to the latter. Mathematicallle may write
Esouner(SKier)— £ (skier)> & (surfer) & ¢ (surfel.

Boulder

'° The interpretation in psychology is that the ‘sgim’ or ‘psychological stata(h) that householdh derives
from living inj is a function of the realizatiog(h) of a random variable (Thurstone 1927). In theaigmer of
the paper, we stick to the economic interpretatidee Anderson, de Palma and Thisse (1992) for thesis.
Also, the reader may be more familiar to modeliiggitte location decisions with the multinomialitagodel.
We show in Appendix B that the equilibrium propestiof the multinomial logit are qualitatively sianilto the
linear case. We choose to work with the linear rdseause we obtain simple, closed form solutionsa
different context, there is a long tradition in tRelitical Economics literature to use linear déter choice
models to model voters’ decisions to cast theilobébr a candidate or another (Persson and TaieH000).
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Though households differ in their appreciation e tocal amenities, some jurisdictions are
more desirable than others on average. One wayadehthis is by assuming that the

distribution of & ([ stochastically dominates the distribution &f(0), some jz k0D .
Alternatively, it is more convenient to replace ()

u(h)y =V, +¢ (), ¢(h)~iidGQO 2)
whereG is the cumulative density afandV, =a, +\7j is the observablendirect utility (or
real income) enjoyed by people living in city and to assume that(h) is identically and

independently distributed; note that the c.@.ho longer depends grhere. We interpred; as
a measure of the observable quality of the loca¢raties (converted in monetary units).

Thus, the fraction of households wishing to reside givenV,,....V, andG(), is

f, = Pr{Vj +&; = max.,V, +£k} (3)
In order to get simple, explicit solutions, we assuthat theg's are uniformly distributed on
the interval[-o/2,0/2], where o is proportional to the standard deviation &f
Throughout the paper, we use ‘upper bars’ to deraerages across cities: e.g., let
V= ZKDDVKIJ . The resulting location choice probabilities aineeg by the linear function

fj =1+ (4)
J g

An immediate implication of (4) is that cities thadmmand a higher-than-average indirect

utility V; attract more households than the average city.

What are the components of indirect utility...V, ? Let
Vi=a tw=c -t (5)

wherew denotes the household’s incomg,captures the monetary costs of living associated
with j andt; is a ‘regulatory tax’ levied on residents (moretbis below). In this paper, the
land market outcomes play the central role, so reat; andw as parameters but we
endogenize the cost of living as follows.

2 Specifically, Var€) = 6/12. Note also that the deterministic case obtairike limitg= 0.
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Assume that city is a linear monocentric city (Alonso 1964), in winithe per-unit distance
commuting cost is equal to and the unit cost of converting land into houssgonstant and

equal tom. Then, ifH; households live i, (5) is equal td?
V,=w -TH, -t;; W =a; +W-m (6)

whereq summarizes the ‘fundamental’ (parametric) deteamis of welfare in city. We say
that a city characterized by a higly is a ‘desirable’ locationex ante (or that it is
fundamentally desirable). The expression in (6) conveys the intuitive lethat cities that are

more regulated and larger (and thus more congeatediss desirabkx post.??

To summarize, the fraction of households wishintv®in city J, f; in (4), is decreasing in the
regulatory tax levied ipand its level of congestion, but increasing indisirability of cityj,

which includes amenities and wages by (6).

Households tredf as a parameter. We definéoaation equilibriumHg,...,H; as a situation in
which, given the induced equilibrium values of &hd (6), no household wishes to relocate to
another jurisdiction. Therefore, at a location &hftium the actual fraction of households
living in j, Hj/H, must be equal tf. Then the following must hold at equilibriufh:

(,-t; -7H;) - (@-T -7H)

. H. H. _
DJDD fJ =F] j— ?J=1+ : H=
g

H
3 (7)
That is, the fraction of people living jnis increasing in the well-being net of the regogat
tax and congestion costs pfand decreasing in the well-being net of regulatiary and
congestion costs of citiés j. Since households directly consume one unit af fan housing
purposes in the linear MCC model, the equilibrititnis also the equilibrium amount of

developed land in city j. We readily obtain thddaling:

L Assume that all city dwellers consume one unitaofl and that the central business district (CBDlp¢ated
atd = 0, so that a city of sizid; stretches out from 0 td;. Assume further that that the unit cost of corimgrt
farm land for housing consumption is equalno Without loss of generality, we assume that thpoofunity
cost of land at the urban fringe is zero. Each diteller commutes to the CBD at a constant per distance
costr> 0. The city residential land market is at an Bloium when the sum of commuting costs and larmd re
are identical across city locations, thus the éoyiiim bid rent schedule (net of conversion caslsis r(d) = 7
(H; —d). As a result, the cost of living & = TH; + my, the aggregate land rent is equakttis/2 andg =& +w -

m in (6). In the main empirical specification, wendoexploit the cross-sectional variationrim. In Appendix C,
we do exploit this variation; the theoretical inggliion of (6) is that the coefficient ofi should have the
opposite sign of the coefficient af

?2This negative relationship betwedhandH; holds for allH; in the MCC model because we assume away
agglomeration economies. Importantly, this negatalationship hold$n general around the stable equilibria of
generic urban models with a system of cities (Hesmte 1974). For our purposes, this is all we needes stick

to this simple model.

2 With H; = 0 orH; = 1 in an obvious way whenever the solution tod@@s not belong to [,
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Proposition 1 (existence and uniqueness of the ld@an equilibrium) . Assume that the
fraction of households that wishes to live in giig given by (4) and that the observable real

income is given by (6). Then the location equililoni given by (7) exists and is unique.

Proof . See Appendix A.

Figure 2 illustrates the equilibrium concept. Th@vdward-sloping schedule illustrates the
fact that larger cities are more congested and lgsssdesirable, ceteris paribus. A higher
and/or a lowet; shifts this schedule to the right. Thus, at equtim more desirable locations
have more people. To see this formally, solve Kp)ieitly for H;:

LN i Vel ®)
H o+1H

Several aspects of (8) are noteworthy. On averegeh location getsl households; cities
that receive more households than the averageexangost more desirable (i.e. net of
regulation costs) at equilibrium. Also, the effetteither variable on the location outcome is
decreasing irg, which captures the heterogeneity of householus,imm the overall crowding
of cities. Absent congestion costs and heterogesteqerceived differences in amenities, all
locations would be a-priori identical and all hduskels would locate in the location that

offers the highestv, -t . Finally, (8) points towards a crucial source w@fsbfor our empirical

work. There, we essentially regrésen H; (see Proposition 2 below). However, (8) says that
such a regression suffers frond@vnward reverse causation bias. We address this issue by
instrumenting foH; and our results confirm the existence of suchaa.bi

Together with (6), (8) implies

g TH _ —
Vj:U+Tﬁ(a)j—tj)+0_+rﬁ(a)—t)—rH 9)

At the location equilibrium, households obtain aliecome that is a weighted average of the
economic amenities they actually receive (the fiestn in the RHS above) and of the
economic amenities available on average (the setemal), minus the average congestion
cost. The weight of-specific characteristics (relative to the averageyeases ing, our
measure of the intensity of idiosyncratic househplaéferences for local specificities.
Households do not enjoy the same real wage everngnbecause they are willing to forego
some economic benefits to live in cities that offen-economic amenities that they enjoy the

most. This desirable and realistic property ofrtiael is typical of Random Utility Models.
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3.2. Planning boards choose regulation

We assume that each jurisdictiphas a planning board that regulates the use df laand
use restrictions can take many forms. To simphty analysis, we assume that the main effect
of such regulations is to increase the cost ohgvin the city byt. We interprett; as a
‘regulatory tax’ (Glaeser et al. 2005a,b) and wsua®e that it is capitalized into the price of
developed land (Oates 1969, Palmon and Smith 1988hel 1992 for a survey). Insofar as
such a tax decreases the desirability a§ per (6) and, as result, the equilibrium amaifint
land being developed in city as per (7), a regulatory tax hike jinhurts the owners of
undeveloped land in cityand benefits the owners of developed land.

Here, we depart from the standard literature byragsg that the planning board caters to the
landowners’ interests. Following Bernheim and Wtons(1986) and Dixit, Grossman and
Helpman (1997), we assume that the owners of dpedloand and the owners of
undeveloped land (or land developers) form two cetng lobbies that influence the

planning board by way of lobbying contributions.
Specifically, we first assume that the planningrdaaaximizes a weighted sum of aggregate

lobbying contributionst(tj)Ezjcf(tj), with A0 {owners of developed land, land

developers}, and resident’'s welfare (including gfarea of land rentsR, earned by local
residents): Q; (t;) =b[ H, (t,)V(t;) +aR(t;) |+ 1-b)C; t;) , where b0[0,1) captures the

‘benevolence’ of the planning board. This objectiumction conveys the idea that the
planning board caters to the interests of bo#khidents, which includes tenants and
homeowners, via elections or referenda and of osvattand (developed and undeveloped),
which includesabsentee landlords, via lobbying. We also assume that egcup offers a
‘menu’ of contributions to the planning board, dogent on the degree of regulatign
actually chosen. Many contribution schemes are iplesgand thus many Nash equilibria
exist), but Bernheim and Whinston (1986) show thatset of best responses of each lobby to

any contribution scheme chosen by the other playertudies a linear schedule of the form

¢ (t;) =R'(t;)-cl', whereR is the aggregate land rents pertaining to lohby{owners of

developed land, land developers} adjd is a constant determined at equilibrithAs a

2 The timing of the contribution game is as followEhe lobbies (the ‘principals’) move first and
simultaneously, the planning board (the ‘agent8ntithooses to accept the contributions or not emsmtjingent
on accepting some, both, or no contributions, cesgs Since the principals move first, at equilibriuhey
choosecjf‘ S0 as to ensure that the agent accepts the astidriband enforce a regulation that is closer ® th
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result,C;(t,) = (1-a)R;(t;)-D_, ¢ . To get clear cut results, we further assime0 as in
Krishna (1998). As a result of these simplificaipthe planning board maximizes total land

rents:

Rj(t)sjo”“ r(H,(t)-x)dx+tH, ) .
:g[Hj(t)]ZﬂjHj(t), t=[t, 5] 1o
whereH;(t) is given by (8).
3.3. Subgame perfect equilibrium
We solve for a Nash (subgame perfect) equilibrimnreigulatory taxes. Thugs planning
board chooses [0, so as to maximize (10) subject to (8) taking teetor ' E{t,ﬁ’}km{j}

as given (the subscript ‘0’ pertains to equilibrimadues). The first order conditions for this

program can be written as:

ST AT ) L L e P R R EY
o+tH J o+rtH J

0
RRj(tj,tf})

J

t; =t
with complementary slackness; in (11—),9 is the equilibrium city size, namely (8) evaluated
at the Nash tax vecta® =[t’,...,t7]'. Note that the actual solutions to (11) are ioteri

because the term in the square bracket of the RldBvays positive by virtue of

J-1 tH

—<1. (12)
J o+r1H

Assuming (for the time being) that the resultiH@’s in (11) are also all interior, we may

then write the closed form solutions to the 2 system composed by (11) and (8¥as:

_ w —w
0=(gd+7A)| 2+ _ j _ (13)
J-1 o+tHo(J-1)+J(@+71H)
and
HO _ _ -1
— =1+ 1 Z_( | —W); ZE[1+ U_J—l} O&,1. (14)
H o+1H o+rH J

interests of lobby\. These linear contribution schedules also havel#sérable property to produce the unique
‘coalition proof Nash equilibrium’ of the game. @blerg and Maggi (1999) show how a model in whjdh set
by cooperative Nash bargaining produces a simiécyoutcome.

% The proof of proposition 2 below provides an aition to get (13) and (14).
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Four aspects of (13) and (14) are noteworthy. Rinst equilibrium regulatory tax increases in
own desirability and decreases in the attractiverasother cities. Second, this effect is

higher, themore heterogeneous households are (the higheand the lower the congestion

costs TH . The former cross-effect arises because a homogempopulation is more
responsive to any differences in amenities andstaxeoss locations; the latter arises because,
when congestion costs are large, cross-city diffiege along other dimensions matter
relatively less for households’ location choicehird, ceteris paribus, equilibrium tax rates
are decreasing in the number of jurisdictions (a-gompetitive effect) and they are
increasing in the heterogeneity of workers. This ¢& interpreted as a pro-competitive
effects: asorises, each jurisdiction perceivetoaer elasticity of household demand. Finally,
places that are more desirable are more developeequilibrium, despite being more

regulated.

The necessary second order condition to this pmoldeautomatically satisfied:
2 - ) —_—
Oj 0 0: o>—7a@ﬂ=—31 H—ZPW+E£¢H}
ot J (o+1H) J

J

(15)

We can now establish the subgame perfect equibpuoperties of our model (we establish

its existence and uniqueness in Proposition 3 below

Proposition 2 (properties of the subgame perfect egjibrium) . Assume:

+7H +7H
R4 TH+cT)<a)j<cT)+(J—1)J TH
1-7 1-7

Then the equilibrium characteristics of the modemmarized in (13) and (14), imply:

0joo: (16)

() Places that are fundamentally more desirable arere mdeveloped:
w > = H) >H;
(i) Places that are more developed are megelated: H? >H/ =t >t..

Proof . See Appendix A

These are the properties that we test in secti@in ¥:the first stage of our TSLS instrumental
variable (IV) approach, whereas (ii) is the secstabe. The equilibrium properties of the

model that we do not test directly include:

Corollary 2.1 (further properties of the SPE).Assume that (16) holds. Then the following
also follow from (13) and (14):

(i) Regulatory taxes are strictly positive forjall

15



(iv) The fundamental amenities of a jurisdiction are fudly capitalized into the
regulatory tax:w >a), = w —t) > —t/;
(v) Despite being more developed and more regulatediaimentally more desirable

places command a larger indirect utility; > o), =V >V,

Proof. See Appendix A.

Our model can also shed light on the demographgingr of land use regulations that we

mention in the introduction:

Corollary 2.2 (urbanization and land use regulatiors). The overall extent of regulation
increases with the size of the urban populatiainéneconomy; furthermore, all cities are

affected:

(vi) The average regulatory tax is increasing il and inH: dt°/0H >0 and
at°/oH >0;
(vii) The variance of the regulatory tax is decreasing in the sizetlsd urban

population:d Var(t®) /o0H < 0.

The parameter restriction (16) requires the vammtin the desirable fundamentals to be
bounded above relative to household heterogenedycangestion costs — not a very stringent
condition — in order to ensure that the equilibrippulation in anyj is positive for the
interior solutiont®. We make this assumption for analytical convergennly. Relaxing it

would require us to replace the strict inequalitteBroposition 2 by weak inequalities.

Proposition 3 (existence and uniqueness of the SR&x setting game) Assume (16) holds.
Then the equilibrium described in Proposition Zsexand is unique.

Proof. See Appendix A.

4. Empirical Analysis

The main purpose of our empirical analysis is tplae the causal effect, at the MSA-level,
of amenities on the degree of physical developnamd, in turn, its causal effect on
regulatory restrictiveness. We conduct our analigsiswo time periods. We use land use data
from 1992 to explore the causal effect of SDL ogutatory restrictiveness around 2005
(WRLURI). We then replicate our analysis with lanse data from around 1976 to identify
the causal effect on regulatory restrictivenessthe late 1970s and 1980s (SAKS).

Proposition 2 implies positive causal effects ithbperiods. Using both recent and older data
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from two different sources provides a useful robass check of our results. We carry out a
number of additional checks to test whether ouwnltesare sensitive to the definition of SDL

or to MSA boundary definitions. We also use altéxealV estimating procedures.
4.1. Description of Data

Our data is derived from various sources and gedggal levels of aggregation. We

geographically match all data to the MSA level gs@&lS. Tables 1 and 2 provide a data
overview. Table 1 reports the values of key vagahif interest for 21 MSAs, namely, those
areas for which Glaeser, Gyourko and Saks (20@5&)rt a regulatory tax measure. Table 2
reports summary statistics for the variables usdtié empirical analysis. Below, we describe

the focal variables and their sources in greattilde

The more recent of our two land use datasets, tteonal Land Cover Data 1992 (NLCD
92), is derived from satellite images. The eartlataset, the Land Use and Land Cover
GIRAS Spatial Data, is derived from aerial photalseh mostly in the mid 1970s (with 1976
being the mode and median ye&rRoth datasets cover the surface areas of all M8Asir
sample?’ There is a considerable difference in map resmiutind in land use definitions
between 1976 and 1992, making direct comparisomiseoflata difficult. The two datasets are
described in more detail in Burchfield et al. (2p0Bollowing Hilber and Mayer (2009) we
define the SDL in an MSA as

DL

_ developed residential +developed industrial land

(17)
developable land area

whereas the ‘developable land area’ is the totatl larea minus the surface area that is
covered by ‘non-developable’ land uses (i.e., 8@t does not sufficiently support permanent

structures and/or is extremely costly to devef8p).

% Missing map cells from the Albuquerque, New Mexi€edar City, Utah and Tampa Bay, Florida areagwer
obtained from Diego Puga dittp:/diegopuga.org/data/sprawlMap data was unavailable for Santa Cruz,
California and a mis-projected map for Erie, Pehrayia necessitated the removal of affected cetrsicss.
Fourteen census tracts with no observed develomedor developable land were removed form the aigly

2" One special case is the MSA of Washington, DC.|8Me have data for the surface area of the MSAidet
the District of Columbia, we do not have any infatian for the District itself. Hence we imputed Sy

assuming that land uses within the District areilainto that at the boundaries. This adjustmeny an¢reases
the SDL measure for the MSA by about half a peagaipoint. This is because the District covers ablgut 1
percent of the surface area of the MSA. None ofresults changes notably if we assume that thei€liss

either not at all or fully developed nor if we dripe MSA altogether from our regression sampldati, one
justification for dropping Washington, DC is thais the capital; many of Washington DC’s land tesgtrictions
are of a federal rather than local nature.

% These land uses include barren, water, ice, waslaand shrubland (based on the 1992 NLCD claatifias)
and ‘undefined’, barren, water, ice, wetlands, Blstush land, dry salt flats, beaches, sandy abeas, exposed
rock, strip mines, all categories of tundra exdeptbaceous tundra (based on 1976 classificatidies)also
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The reader might worry that the boundaries of M&#s arbitrary and, consequently, that
SDL is arbitrary as well. However, it is easy tomdmstrate that ‘more developed’ MSAs are
more developed at any radius from the center theams ‘developed’ MSAs. In our sensitivity

analysis we report results for alternative measuwffeshare developed land including two
measures that are based on a 20 km radius aroencetiiroid of the MSA. The latter two

measures are not endogenous to the way MSA bowsdare defined. Our results are
virtually unchanged. In a similar vein, Burchfiel@yverman, Puga and Turner (2006) show

that whatever the buffer one takes does not afffectesults.

The regulatory data is derived from two differentices and time periods. The WRLURI is a
measure of differences in the local land use reégulaclimate across more than 2600
communities across the US based on a 2005 surwky aeparate study of state executive,
legislative, and court activity. It is arguably theost comprehensive survey to date. See
Gyourko, Saiz and Summers (2008) for details on NMéRLURI is computed. Saiz (2008)
reports WRLURI values for the 95 MSAs in our sam@léVRLURI value of 1 implies that
the measure is one standard deviation above thenahimean. It is worth pointing out that
the WRLURI measure does not include attitudes tdeaegulation of coastal areas and that
the majority of municipalities responding to thev&y do not have access to the coast (even
if the MSA as a whole does). This point is wortleimg in mind when we discuss our IV
strategy. The SAKS (Saks 2008) measure is creae “‘@aomprehensive index of housing
supply regulation” by using the simple average infisdependent surveys. The six sources
are: The Wharton Urban Decentralization Projectried out during the late 1980s), the
Regional Council of Governments (1975-1978), thderlmtional City Management
Association (ICMA, 1984), the Fiscal Austerity abdban Innovation project (1983-1984),
the National Register of Historic Places (NRHP) dahd American Institute of Planners
(1976). The method of index construction is desttim detail in the Data Appendix of Saks
(2008). Saks (2005) reports regulatory index vafoe83 MSAs. We loose one observation

in our analysis because the NLCD 92 does not réadt use information for Honolulu, HI.

There is considerable variation in the degree ofl lase regulation across U.S. MSAs.
Gyourko, Saiz and Summers (2008), based on thalysis of the WRLURI measure,
suggest that there is more variation across thanirwMSAs. Other empirically motivated
reasons also led us to choose to run our regressibthe MSA level. In many MSAs only

experimented classifying all tundra as either ‘mi@velopable’ or as ‘developable’. Results are waiiju
unchanged irll the specifications to follow.
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few municipalities responded to the surveys that the foundation of the WRLURI and
SAKS measures and many potentially important céstace available at the MSA- or state-
level only. (See also Gyourko, Saiz and Summerf8p@nd Saiz (2008) on the merits of
using MSA aggregates in this context.) Our decismmseaggregate indices — rather than
various measures of different types of land useledgpn — allows us to capture the overall
regulatory environment, while avoiding the lossstdtistical clarity associated with trying to
look at the effects of various types of regulatismsultaneously (Glaeser and Ward 2008). In
a similar vein, Pollakowski and Wachter (1990) eagbe that the joint effect of land use

regulations is larger than the effects of the parts

Our amenity measure, the ‘MSA has major coast luagiable and the region dummies are
derived from the Environmental Systems Researditutess (ESRI) Census 2000 MSA-level
shape file. The sources for our other (excludesfyuments and controls are listed in the note
to Table 2.

4.2. Empirical Specification

Our objective in this section is to test the prédits of our model as directly as possible. We
begin by testing the first equilibrium predictioiated in Proposition 2 (i), namely, that places

with better amenities will be more developed. Thedpction is stated as:
DL, =a, +al(amenityj)+a2(controlsj)+£j (18)

with a1 > 0. Next, we test the second equilibrium predittstated in Proposition 2(ii).
Jurisdictions that have better amenities and, apresglly, are more developed should be

more regulated. The prediction can be tested bmathg:
regulation; = [+ ,Bl(SDLj ) + 5, ( HOR, ) + ﬁ’s(controlsj ) + U, (29)

with 8 > 0 (by the ‘influential landowner’ hypothesis) agd < 0 (by the ‘homevoter

hypothesis). The bold variables in (19) are endogsly determined. We use the amenity
variable as an (excluded) instrument to identiy BhSA’s SDL. There is no reason to believe
that access to major coast line is systematicallyetated with land use regulation, making
our measure of amenity potentially a valid instranfé Equation (19) also includes the

homeownership rate (HOR) as a control variable. Tbheneownership rate is arguably

# Recall that attitudes towards regulation of cdasteas are not a question in the Wharton survay £005. In
addition, it could be argued that ‘access to meg@stline’ also captures some physical constrairthe growth
of the MSA in addition to being a desirable amenitlgis makes it an even more convincing instrument.
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endogenously determined as well. The strategy waaiglentify the homeownership rate and
the tests to confirm the validity of the instrunseate described below.

Finally, a dynamic corollary of Proposition 2 ingsithat more regulated jurisdictions should
grow more slowly than their less regulated neighb@ontrolling for past growth and the

contemporaneous housing stotkThis prediction is formulated as follows:

g = Ve +y1(regulationft)+y2(g}ft_l) +tyH, tw (20)
with 4 < 0 by (8) and Wher@}f is the growth rate of the housing stock in MEBetween
time periodt and t+1, g}ft_l is the equivalent growth rate between time petiaddt-1, y is

the common trenck,egulationft is the predicted level of regulatory restrictivesien MSA| at

timet and H . is the housing stock at tinieThe latter variable controls for the size of the

jit
MSA taking into account that larger locations magvg at a slower (or faster) pace.

4.3. Empirical Results

In Tables 3 to 6 we report the results for the egli specifications stated in (18) to (20). We
cluster the standard errors by U.S. State (whezvael) and report the robust standard errors
throughout. To begin with, in Table 3 we report gien OLS estimates of our central
specification (19) by regressing regulatory restreness on the SDL variable plus controls,
adding one at a time. These controls include thedmvnership rate (to test for Fischel's
‘homevoter-hypothesis’), the population densitynfcolling for the possibility that regulation
is driven by externality zoning and that this isrendeneficial in denser areas), the share
democratic votes (testing the proposition that l&guy restrictiveness may be driven by
political ideology), household wage (as a contal the possibility that the findings are
driven by sorting by income), and regional dumm(is capture all other region-specific

unobservable characteristics).

Consider first the result for the WRLURI reported RPanel A in our sample of 95 MSAs
pertaining to our more contemporaneous analysis. (2005). Two observations are
particularly noteworthy. First, the coefficient dhe share developed variable is not only

positive but also highly statistically significamt all specifications, despite likely being

%0f one were to interpret (8) literally, one woldve to use thgrowth (i.e. first difference) of new housing
units. However, the growttate has a more straightforward interpretation. Heneeopted to report results for
growth rates. Nevertheless, we also estimated fi®@ns using the growth in housing stock and msults
are qualitatively unchanged. The negative coefficien the estimated regulatory measure is stalftic
significant at the one percent level in both cdsee next subsection).
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substantially downward biased. Second, the coefficon SDL is quite stable, ranging from
1.3 to 1.8. Adding controls tends to increase libthsize of the coefficient as well as its
statistical significance. Among the control vargglonly the share democratic votes and the
region dummies have a statistically significant aodsistent impact. The Democrat-leaning
MSAs prefer above average levels of regulatioteadt in the 2000s. The coefficients on the
region dummies are also as one might expect. Th&t,Weparticular, and the North East are
the most strongly regulated, while the Midwestiast regulated. We report the results for the
SAKS-index in our sample of 82 MSAs in Panel B. §éeesults, pertaining to the earlier
analysis (i.e. late 1970s and 1980s), are qualdtisimilar, although the coefficient on the
share developed-variable is now no longer statiltyisignificant in two cases. Interestingly,
in these specifications the coefficients on the @ownership variable are not only negative
but also statistically significant. On the othen@iapolitical ideology is seemingly unrelated
to regulatory restrictiveness in the late 1970s 4880s. One important caveat with these
OLS-estimates is of course that several of theamgibry variables are likely endogenous

determined, causing the estimates to be biased.

Tables 4 and 5 address the endogeneity issuesdéatathe SDL and the homeownership rate
variables. Table 4 reports the OLS estimates offitlsestage of the TSLS-estimates. Our
identifying assumption for the SDL variable is tiaastal places are developed earlier, attract
more residents over time and, as a result, are a@reloped in our cross-section of MSAS,
but that access to the coast is not directly rdlateregulatory restrictiveness. Column (1)
(both panels) reports results for @andard definition of SDL (17), including as controls all
the exogenous variables discussed in Table 3. da#ident on ‘major access to coast line’
Is positive and statistically significant at thep&rcent level. Households obviously value
access to the seafront (and possibly the correspgndilder climate). The adjustef is
reasonably high with 0.48. The specification estedain Column (2) differs from that in
Column (1) only in that we additionally include thESA’s share of households that consist of
married couples without children. This variablegselis identify the homeownership rate and
Is used as an instrument in our TSLS estimatestidéthcouples without children tend to have
higher and more stable household incomes and deet@alaccumulate greater wealth over
time compared to married couples with children.sTimakes them more likely to overcome
liquidity and down-payment constraints and thusesastaining homeownership. Moreover,
married couples tend to be in more stable relaligpss compared to their unmarried
counterparts, implying a longer expected duratiotheir property and, consequently, greater

incentives to own rather than rent. By contrast,deenot expect that the share of households
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that consist of married couples without childretpbeus identifying the SDL. Our empirical
results reported in Column (2) are consistent whilk intuition. Column (3) finally reports
OLS estimates of the effect of the ‘share marriethoaut children’ measure on the
homeownership rate. As predicted, the coefficieihthe ‘share married without children’
measure is positive and highly statistically sigaifit at the 1 percent level. The adjustéd R
is quite high with 0.66. Our results contained iable 4 thus establish that our proposed
instruments for SDL and the homeownership ratellftitfe necessary condition that they are

strongly correlated with the alleged endogenoumisie.

We turn next to Table 5, where we examine whetheiiristrumented SDL has a causal effect
on regulatory restrictiveness. We report resultstiie second stage of the TSLS regression
using WRLURI in Panel A and SAKS in Panel B as diependent variable. For comparison
purposes we also report the corresponding OLS atsrin Column (1); this specification is
identical to the one reported in the Column (6T able 3. In Column (2) we report results for
the second stage that corresponds to the spemficatith only one endogenous variable
(SDL), treating the MSA-level homeownership rateea®genous. Column (3) reports the
findings for our preferred specification (19), whiassumes that both the SDL and the
homeownership rate are endogenously determined.cdbficient on the SDL measure is
positive and highly statistically significant in thospecifications (Columns 2 and 3). It is
indicative of acausal effect that is in line with the theoretical predcis of Proposition 2.
Moreover, the size of the coefficient and statatisignificance levels increase when we
identify SDL using the ‘access to coast’ variabteam excluded instrument (i.e., when we
compare Column 1 with Columns 2 and 3). This eweenf a downward bias introduced by
the reverse causation of regulation on land deveéoyt is again consistent with our theory by
(8). Thequantitative effects of SDL on the two regulation measurescariée large. A one
standard deviation increase in SDL implies thatrttedlian MSA ‘climbs’ in the ranking of
regulatory restrictions from position 48 to 33 whesing the WRLURI data and from 42 to
19 or 20 when using the SAKS data.

The results with respect to the homeownership bbaiare mixed. In Panel A, the effect of
the homeownership rate on WRLURI is positive inakes but only becomes marginally
statistically significant when we instrument for Tthe quantitative effect even in the latter
case is relatively small however. In Panel B, toefficient on the homeownership rate-
variable remains negative, even when controlling dther factors that potentially affect

regulatory restrictiveness. However, in contrasthe OLS-specification, the effect is no
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longer statistically significant. Overall, we coundé that the evidence in favor of the
homevoter hypothesis at the MSA level in the Unifdtes is weak at best. This might be
due to the presence of rent controls (which sHaggdnt between the landlord and the renter)

in some of the most regulated MSAs.

Interestingly, the coefficient on the variable ‘pégtion density in the developed area’ (our
proxy for the Welfare Economics view) is statisiigansignificant at all conventional levels

in all cases (OLS and TSLS and both Parl€)ur findings lead us to reject this alternative
explanation for regulatory restrictiveness. Popotatensity in the developed area does not

drive land use regulations; SDL does.

By contrast, cultural differences and ideology significant at the five percent confidence
level (or beyond) in virtually all specificationRegional dummies are always significant and

the share democratic vote is significant in allcsii@ations pertaining to 2005.

Table 5 also reports Kleibergen-Papp rk Wald FHsttes, a test for weak instruments in the
presence of robust (clustered) standard effoFhe test statistics are quite high and indicate
with 95 percent confidence that the maximum TSIZ® & either below 15% or around 15% .
See Stock and Yogo (2005) and Kleibergen and P2@@6J for details on the test-statistic

and its critical values.

Finally, Table 6 reports the results for the tdsthe more subtle corollary prediction of our

model outlined in (20), namely, that controllingr ftagged growth and city size, more

regulated MSAs should grow more slowly than lessul@ed ones. We use the predicted
(fitted) values of the regulatory index from thdimsting equations in Table 5 (Columns 2
and 3). Because the regulatory index measuresstiraated values we report bootstrapped
(and robust) standard errors using 1,000 replinatidHere, bootstrapping increases the
standard errors only marginally and has virtuallyeffect on the statistical confidence levels.
The results reported in Columns (1) and (2) of &abluse the predicted values from the
corresponding Columns (2) to (3) of Table 5. Bopleafications control for the existing

housing stock in the MSA in 1990 and the (laggeml)sing supply growth rate in the 1980s,
In both specifications the predicted regulatory teas a negative and statistically highly
significant effect on the growth rate in housing@ly in the 1990s. In both cases the effect is

31 In section 4.4 we instrument for population dgngitthe developed area but the second stage cimeffiof
this variable remains statistically insignificant.

%2 The Cragg-Donald F-statistic, proposed by Stoak ¥ago (2005) to test for weakness of instrumentthe
presence of multiple endogenous regressors, idlgtapeaking not the correct test statistic whaes $tandard
errors are heteroskedastic or clustered.
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statistically significant at the 1 percent levehasl as economically meaningful. An increase
of the predicted SAKS-index by one standard demma{+1.0) reduces the growth rate of
housing supply by 2.9 percentage points. This isvadent to a drop in the growth rate league
table from rank 42 to 56. Overall, our results iable 6 imply that while more ‘desirable’
MSAs grew more quickly in the past when little lands developed and the places were little
regulated, their growth rate has later slowed dagmificantly when compared with ‘less
desirable’ MSAs. We attribute this effect to tightieend use controls.

4.4. Robustness checks and quantitative effects

The Tables Al to A6 in Appendix C summarize thedifngs of our robustness checks,
focusing on our more contemporaneous analysis qUAIRLURI and 1992 land use) and
computing a number of alternative measures of S&Bdetl on other plausible definitions. To
begin with, in Table A1 we re-estimate our focaté@fications (18) and (19) — similar to the
respective Panel A in Tables 4 and 5 — but we new @ndogenize the population density in
the developed area (in addition to the SDL and lmwnership rate variables). Various types
of land use controls — including minimum lot sizestrictions, the most obvious type —
differentially affect the population density, sugtieg reversed causation and biased
estimates. Two (excluded) instruments are usedeatify the ‘population density in the
developed area’ variable. The first instrumenthis share of ‘flat plains’ in an MSA. The
identifying assumption is that sprawl is easiepamticularly flat areas, where it is particularly
easy to build. Hence, we would expect the shaftabplains tonegatively affect population
density. There is no reason to expect that theesbhicompletely flat plains (relative to all
other topography classifications) should direcffget regulatory restrictiveness. The second
instrument is historical MSA-level population ddagsfrom 1880. We would expect that
MSAs that were already densely populated in tH& dghtury (prior to the evolution of land
use regulation in the United States) are also dgnsapulated today. At the same time,
historic population density should not be directlated to contemporaneous land use
restrictiveness. The two variables may also bedvaistruments for the SDL. We would
expect completely flat plains to have comparably tmnversion costs. Hence, MSAs with a
large fraction of flat plains should be more depeld, all else equal. Similarly, we would
expect the places that were densely populatedeni@i century to be the ones that were
developed first, arguably because they have péatiguattractive amenities. Consistent with

our theory, these places should also be more deséltmwday.
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One obvious concern with instruments is that they'aeak’. Unfortunately, while we can

calculate (and report) Kleibergen-Paap rk Wald dfistics (Kleibergen and Paap 2006),
critical value are not available from Stock and ¥¢g005) for specifications with more than
two endogenous variables. To correct for poesible presence of weak instruments, we re-
estimate (19) using the JIVE and LIML estimatoragAst, Imbens and Krueger (1999) show
that JIVE estimators generate smaller bias thanSF&timators in the presence of weak
instruments? LIML is approximately median unbiased for oversitiied models (we have

four instruments and three endogenous explanatamahies) and its asymptotic properties
are the same as those of the TSLS estimator; thereds a rule of thumb, we hope to find
similar coefficients in the TSLS and LIML regressso(Angrist and Pischke 2009). The

advantage is that LIML produces a smaller bias f@hS in finite sample¥’

The results of the first-stage reported in Colur(jsto (3) of Table Al reveal that all the
instruments have the expected effect on our thnegenous variables. Moreover, all the
relevant coefficients are highly statistically sigrant at the 1-percent level. The results of
the second-stage are equally reassuring. Not anljpe estimated coefficient on the SDL
variable similar in magnitude to the estimates regubin Table 5 but also, the coefficient is
somewhat larger when using the JIVE-estimator. Bliggests that even if the instruments
used to identify the endogenous variables werat(jgi weak, the resulting bias would be
small. Our LIML results (column 6) are also excetlehe point estimate of the coefficient of
SDL is virtually identical to the corresponding TSlcoefficient and is similarly precisely

measured. This suggests that the small-sampleob@mg TSLS is small.

Tables A2 and A3 replicate the focal specificatiq@8) and (19) using ten alternative
definitions of SDL. The alternative definitions asgimmary statistics are provided in Table 2.
Panel A of the respective Tables A2 and A3 repaspscifications assuming that the
population density variable is exogenous (baseifspatton). Panel B reports specifications
that assume that population density is endogenodstgrmined. The results are again
strongly in line with our baseline specificationor@ider the first-stage results first (Table
A2). The ‘access to coast’ variable is positive dnghly statistically significant in all

specifications in Panel A. The variable is alsdistiaally significant in all but two cases

%3 JIVE gets round the correlation between stageamtk stage-two errors by predicting the value of SBL
MSA j by running the first stage on all MSAs QufAs a result, this IV estimator bias is smalleartithe TSLS
bias but the standard errors are larger.

% We carry out a battery of other tests, includingnken-J statistics, suggested to assess the yatidihe
instrumental variables and none of these testzatels a problem. We should note, however, thattbhaanot
‘prove’ in any way the validity of the identificath strategy.
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(where the variable is close to being significantiPanel B. In Panel B, the ‘share flat plains’
variable and the historic population density measare reasonably strongly correlated with
the coastal variable, explaining the somewhat lostatistical significance levels and size of
the coefficient on the coastal variable. The seesinde results reported in Table A3 are
equally bold.In all 20 reported specifications — using quite different definitions for SDL and
treating the population density variable eitheaagxogenous or as an endogenous variable —
we find that SDL has a positive and statistically highly significant causal impact on WRLURI.

Table A4 replicates the specifications reportedrable 5 (again with Panels A and B for
WRLURI and SAKS, respectively). However, we add aeitional control: the population
size of the MSA. The sheer size of a city couldalgued to be another potential explanatory
variable of regulatory restrictiveness; in largeies there may be more scope for regulation.
While the first-stage results reported in Columhsaind (2) suggest that larger cities are also
more developed, the second-stage results repart&@blumn (3) imply that, all else equal,
population size is not related to regulatory resitreness. The coefficients on the population
size variable are negative but the effects ardsstatlly insignificant. We note that the

coefficient on SDL slightly increases in magnitwdeen we add population size as a control.

We perform a final check on our instruments follogriChernozhukov and Hansen (2008)
and Angrsit and Pischke (2009: 213). We run a reduform OLS on our excluded
instruments (and other exogenous variables) witulegion as the dependant variable for
each specification of Table 4 and Table Al. Thek& @stimates are unbiased and they are
valid whether our instruments are weak or not. Wid that ‘access to coast’ is statistically
positive at the five percent level or beyond in sgkcifications but that the other excluded
instruments are in general not significant. We dlad that the excluded instruments are
jointly significant at the five or one percent léve all relevant specifications. All these
results, which we don't report, are entirely coteis with our findings so far and thus raise

our confidence in the robustness of our findings.

Our regressions use different samples of MSAs &ba dvailability reasons. In Tables A5 and
A6, we thus rerun the baseline regressions of Tablesing the restricted samples of the
growth regression (19). We first drop Oklahoma Gihd Tulsa, OK from the large sample;
the results are reported in Table A5. We then redhe sample further by keeping only
MSAs for which we have both the SAKS and WRLURI sweas; the sample shrinks by
roughly a third to N=63. Nevertheless, our resukmorted in Table A6, are robust to this
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artificial attrition. Remarkably, the evidence irmvbr of our ‘influential landowner’
hypothesis even comes out quantitatively and $tally stronger.

Finally, Table A7 reports quantitative effects the main specifications reported in Tables 4
to 6. Overall, the quantitative analysis impliesitthand use regulations are an important
determinant of the volatility of key measures otising markets. More attractive places in
terms of amenities are significantly more regulaed in turn grow more slowly. Although,
we cannot show this in our analysis, the findintg® amply greater price volatility in more
attractive and regulated markets.

5. Conclusions

In this paper we develop a parsimonious model firavides an explanation for why
‘desirable’ locations have tighter land use regatet compared to ‘less desirable’ places. The
comparative statics of the model imply that in @or®@my with a growing population, the
jurisdictions with the best amenities will be deymdd first. When in turn attractive
jurisdictions become more filled up, owners of deped land (property owners) become
politically more influential compared to owners wideveloped land (e.g., land developers).
Owners of developed land — in contrast to ownensnofeveloped land — have an incentive to
increase the cost of future development. Hence,elsé equal, the more developed a
jurisdiction already is, the greater should itsulatpry tax be. Moreover, while different
locations may grow at different paces for variousopserved) reasons, we would expect a
more developed and consequently more regulatesidjation to have a smaller rate of new
housing construction when compared to its lesslagga neighboring location. Our empirical
analysis for a reasonably sized sample of MSA&énUnited States, and for two time periods

roughly two decades apart, confirms all the aforgioaeed predictions of the model.

Our theoretical and empirical analyses imply thatal planning authorities cater to the
interests of land owners beyond and above to tbhbdecal voters (although in the case of
homeowners the two interests coincide) and of ¢iselential population at large (the welfare
economics view). Our empirical findings stronglypport our ‘influential landowner’
hypothesis; we find no support for the homevotegudilgesis or the welfare economics view.
Fascinatingly enough, in 1925 — that is, in thelyeatages of land use regulation — the
Committee on Community Planning of the Americartitate of Architects (AlA) came to a
very similar conclusion: “[Zoning] is concerned wpnfeebly and incidentally with the
community function the land will best serve; it ises its attention mainly upon stabilizing of

the existing uses and the values that are derik@d them, whether these are to the best
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advantage of the community or not.” Whether land uvsgulations have gone too far, as
Glaeser et al. (2005a) suggest for the case of mtearh or fall short of the social optimum

remains a question open to further research.
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Summary Statistics and Tables

Table 1
MSA-level rankings of measures of regulatory restreness and land scarcity

1) (2) (3) 4) (5)
Regulatory Tas Regulatory Share Share
in % of Regulatory Index Developed Developed
House Value Index2005 late 1970s Land in % Land in%
Metropolitan Area 1998" Rank i) Rank &1980s” Rank 1992 Rank 1976™ Rank
San Francisco 531 1 0.78 5 2.10 2 208 10 254 8
San Jose 469 2 0.21 10 1.65 3 199 12 25.2 9
Los Angeles 339 3 0.50 8 1.21 4 44.2 1 54.7 1
Oakland 321 4 0.63 7 0.10 14 26.6 5 27.6 6
Washington, D.C. 219 5 0.21 10 0.86 6 10.2 17 16.1 16
Newport News, VA 207 6 0.12 12 “) 175 13 205 14
Boston 186 7 1.67 2 0.86 7 332 4 33.9 3
New York 12.2 8 0.67 6 2.21 1 43.9 2 50.7 2
Manhattan >50
Salt Lake City 119 9 -0.03 17 0.96 5 23.3 6 28.8 4
Chicago 5.7 10 0.01 16 -1.01 20 224 7 26.2 7
Baltimore 1.8 11 1.65 3 0.80 8 142 15 183 15
Birmingham 0 12 -0.24 18 -0.46 16 48 21 75 21
Cincinnati 0 12 -0.58 21 0.16 12 9.3 18 148 18
Detroit 0 12 0.07 14 -0.69 19 22.3 8 229 11
Houston 0 12 -0.30 20 -0.52 17 148 14 123 19
Minneapolis 0 12 0.38 9 -0.16 15 111 16 94 20
Philadelphia 0 12 1.13 4 0.47 9 211 9 27.8 5
Pittsburgh 0 12 0.08 13 0.26 11 85 19 154 17
Providence 0 12 2.07 1 0.35 10 206 11 22.2 12
Rochester 0 12 0.04 15 -0.68 18 53 20 21.8 13
Tampa 0 12 -0.24 18 0.16 13 356 3 242 10
Rank Rank
Pair: Correlation Correlation Correlation Correlation
HOR 1990, (4) -0.61 -0.44 (2), HOR 1990 -0.24 20.3
HOR 1980, (5) -0.69 -0.39 (3), HOR 1980 -0.64 50.4
2), (2) 0.12 0.37 1), (4) 0.33 0.36
2), (3) 0.68 0.65 @), 4) 0.28 0.31
(1), HOR 1990 -0.52 -0.68 3), (5) 0.50 0.34

Sources. ! Estimated regulatory tax values are from Glaesgou@ko and Saks (2005d).Regulatory index values are
from Saiz (2008) and Saks (2008 respectivBlythe share developed land measures are derivedtfrerh992 and 1976
National Land Cover Data. Homeownership rates (H@R) from the 1990 and 1980 US Census (tract leath d
geographically matched to the metropolitan arealjev
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Table 2
Summary statistics

Std.
Variable N Mean Dev. Min Max
Wharton regulatory index¥RLURI ), 2005% 95 0.10 0.70 -1.25 2.07
Homeownership rate, 1990 95 0.63 0.070 0.32 0.74
Developed land as % of developable land 95 0.15 0.13 0.020 0.85
(“share developed”), 1992
Alternative measures for robustness checks
Developed residential land as % of developable non- 95 0.12 0.12 0.012 0.76
industrial land (“share developed residential”’)929
Share developed, 20km radius, 1692 95 0.36 0.21 0.058 1
Share developed residential, 20km radius, 1992 95 0.31 0.20 0.044 1
Share developed, excluding parks, 1992 95 0.15 0.14 0.020 1
Share developed residential, excluding parks, £992 95 0.12 0.13 0.012 1
Share developed of average place, 1992 95 0.46 0.16 0.098 1
Share developed residential of average place, $992 95 0.42 0.17 0.082 1
Share developed of median place, 1992 95 0.46 0.19 0.095 1
Share developed residential of median place, 992 95 0.41 0.19 0.079 1
Population density in the developed area (pdr 1990% 95  0.0015 0.00080 0.00011 0.0061
%Democratic votes in state, av. presidential adesti1 988/95) 95 48.7 4.9 34.4 58.8
Average household wage, 1980 95 29892 5201 17041 46530
Region = Midwest (omitted) 95 0.21 0.41 0 1
Region = North Eas 95 0.18 0.39 0 1
Region = Soutf 95 0.39 0.49 0 1
Region = West 95 0.22 0.42 0 1
Metro area has major border with cobst 95 0.24 0.43 0 1
% Households with married couples and no childt©80® 95 0.29 0.028 0.24 0.43
Share land in topography classification “plainsat plains”® 95 0.14 0.32 0 1
Population density in metro area (per’kn880” 93 1255 490.3 0.088 4699
Saks-index of housing supply regulati@AKS), late 1970s 82 -0.011 1.0 -2.4 2.2
and 1980s”
Homeownership rate, 198 82 0.64 0.074 0.28 0.76
Developed land as % of developable land, 1976 82 0.17 0.13 0.026 0.57
Population density in the developed area (pdr 1980% 82 0.0015 0.00076 0.00032 0.00592
%Democratic votes in state, av. presidential edectil972/76 82 44.8 4.0 27.3 54.8
Average household wage, 1980 82 15982 2379 9172 21967
Region = Midwest (omitted) 82 0.207 0.408 0 1
Region = North Ead 82 0.159 0.367 0 1
Region = Soutf 82 0.390 0.491 0 1
Region = West 82 0.24 0.43 0 1
Metro area has major border with colst 82 0.28 0.45 0 1
% Households with married couples and no childt®80® 82 0.30 0.04 0.20 0.45
Share land in topography classification “plainsat plains”® 82 0.13 0.32 0 1
Population density in metro area (per’kn880° 81 75.3 110.0 0 647.7
Percent change, housing units, 1990-2800 82 0.13 0.09 0.03 0.48
Percent change, housing units, 1980-1990 82 0.21 0.15 0.01 0.64
Housing units, 1996 82 624775 636755 35041 3442841

Sources; @ Saiz (2008)” US Census and Neighborhood Community Database (NCDHBJational Land Cover Data
(NLCD) 1976 and 1992 from the U.S. Geological SupDerived from NLCD and NCDB® Dave Leip’'s Atlas of
Presidential Electiond;Derived from ESRI's Census 2000 MSA-level shape fil&dlatural Amenity Scale Data from the
Economic Research Service, United States DepartofeAgriculture; ” Saks (2008)” Interuniversity Consortium for
Political and Social research (ICPSR) study #2896.
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Table 3

Relationship between land scarcity and restrictégsrof land use regulations

Method: OLS

PANEL A (N=95)

Dependent Variable: WRLURI from 2005

1) 2 3 4 ®) (6)
Share developed, 1992 1.7 x> 1.3 * 1.3 * 1.8 *** 1.7 *** 1.7 ***
(0.55) (0.57) (0.56) (0.49) (0.53) (0.53)
Homeownership rate, 1990 -1.7* -1.8 -1.2 -0.99 0.97
(0.97) (1.2) (1.0) 1.2) (2.0)
Population density in -5.1 -156.5 -181.3 -23.6
developed area, 1990 (106.2) (114.1) (109.4) (114.7)
Share democratic votes in 0.069 ***  0.065 *** 0.045 **
state, average 1988 and 1992 (0.016) (0.017) (0.020)
Household wage, 1990 (in 0.020 0.018
thousand US dollar) (0.013) (0.014)
North East 0.45*
(0.25)
South 0.34 **
(0.16)
West 0.82 ***
(0.19)
Constant -0.15 0.99 1.0 -2.6 ** -3.0 ** -3.8 ***
(0.11) (0.63) (0.87) (1.1) (1.1) 1.3)
AdjustedR-squared 0.10 0.12 0.12 0.32 0.33 0.44
PANEL B (N=82)
Dependent Variable: SAKS from late 1970s and 1980s
1) 2 3 4 ®) (6)
Share developed, 1976 2.3 ** 1.4 1.6* 1.7 ** 1.7* 1.2
(0.95) (0.98) (0.93) (0.82) (0.84) (0.84)
Homeownership rate, 1980 -4.1 -5.0 *** -4.9 ** -4.9 ** -3.8*
1.4) (1.8) (2.4) (2.4) (2.1)
Population density in -149.2 -185.4 -184.2 -165.9
developed area, 1980 (165.4) (161.7) (161.9) (124.8)
Share democratic votes in 0.021 0.022 0.013
state, average 1972 and 1976 (0.039) (0.040) (0.037)
Household wage, 1980 (in -0.0016 -0.0026
thousand US dollar) (0.037) (0.044)
North East 0.59*
(0.35)
South 0.29
(0.37)
West 1.0*
(0.39)
Constant -0.40 ** 2.4 * 3.1* 2.2 2.2 14
(0.18) (0.98) 1.4 (2.3) (2.2) (2.5)
AdjustedR-squared 0.087 0.17 0.18 0.18 0.18 0.31

Notes: Robust standard errors in parentheses. *** Sigaiftcat 1%; ** significant at 5%; * significant a0%. In
Columns (4) to (6) of Panels A and B, observatimmsclustered by U.S. state.
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Table 4
First-stage regressions (OLS): Determinants of kaadcity and homeownership

@)

)

(©)

PANEL A (N=95)

% Developed

% Developed

Homeownership

1992 1992 rate 1990
Metro area has major border with coast 0.15 *** 0.17 *** -0.038 ***
(0.047) (0.045) (0.011)
Homeownership rate, 1990 -0.69 ***
(0.25)
% Households with married couples, no -0.50 1.4 xxx
children, 1990 (0.40) (0.23)
Population density in developed area, 1990 -4.5 221 -23.0 ***
(23.7) (29.6) (10.1)
Share democratic votes in state, -0.0072 ** -0.0081 ** 0.0013
average 1988 and 1992 (0.0029) (0.0036) (0.0018)
Household wage, 1990 (in thousand US dollar)  0.00041 0.00055 0.00039
(0.0024) (0.0036) (0.0012)
North East 0.060 ** 0.082 ** -0.040 **
(0.028) (0.034) (0.016)
South -0.058 ** -0.036 -0.024 **
(0.024) (0.022) (0.011)
West -0.035 0.016 -0.064 ***
(0.031) (0.030) (0.015)
Constant 0.91 *+* 0.60 ** 0.24~*
(0.28) (0.25) (0.13)
AdjustedR-squared 0.48 0.41 0.66

PANEL B (N=82)

% Developed

% Developed

Homeownership

1976 1976 rate 1980
Metro area has major border with coast 0.11 *** 0.10 *** -0.054 ***
(0.033) (0.037) (0.015)
Homeownership rate, 1980 -0.049
(0.21)
% Households with married couples, no 0.51 1.1 %
children, 1980 (0.42) (0.20)
Population density in developed area, 1980 454 * 57.7 *** -43.] *rx
(24.0) (18.2) (10.9)
Share democratic votes in state, -0.0066 ** -0.0060 * -0.00083
average 1972 and 1976 (0.0031) (0.0032) (0.0017)
Household wage, 1980 (in thousand US dollar)  0.0081 * 0.011 ** 0.0035
(0.0044) (0.0049) (0.0032)
North East 0.062 *** 0.059 *** -0.025
(0.020) (0.020) (0.022)
South -0.021 -0.012 -0.032 *
(0.032) (0.027) (0.018)
West 0.0065 0.013 -0.024
(0.039) (0.034) (0.016)
Constant 0.26 -0.023 0.40 **
(0.31) (0.30) (0.14)
AdjustedR-squared 0.36 0.37 0.69

Notes: Robust standard errors in parentheses. *** Sigaifiat 1%; ** significant at 5%; * significant a0%.

Observations are clustered by U.S. state.
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Table 5
The causal effect of land scarcity on the restrestess of land use regulations
Method: OLS and TSLS (2 Stage)

(1) oLS (2) TSLS (3) TSLS
PANEL A (N=95)
Dependent variable: WRLURI, 2005

Share developed, 1992 1.7 % 2.7 *x* 2.9 *x*
(0.53) (0.93) (0.94)
Homeownership rate, 1990 0.97 1.8 3.60 *
(2.0) (1.1) (2.1)
Population density in developed area, -23.6 -22.2 59.6
1990 (114.7) (109.9) (152.3)
Share democratic votes in state, 0.045 ** 0.052 ** 0.052 **
average 1988 and 1992 (0.020) (0.021) (0.021)
Household wage, 1990 (in thousand 0.018 0.016 0.017
US dollar) (0.014) (0.014) (0.016)
Region dummies and constant Yes Yes Yes
AdjustedR-squared 0.44
KleibergenPaap rk Wald F statistic: 14.7 8.7

PANEL B (N=82)
Dependent variable: SAKS, late 1970s and 1980s

Share developed, 1976 1.2 7.0 *** 6.2 ***
(0.84) (2.2) (1.4)
Homeownership rate, 1980 -3.8* -2.1 -5.1
(2.1) (2.5) (4.0)
Population density in developed area, -165.9 -395.4 -539.8
1980 (124.8) (263.2) (355.4)
Share democratic votes in state, 0.013 0.052 * 0.040
average 1972 and 1976 (0.037) (0.030) (0.028)
Household wage, 1980 (in thousand -0.0026 -0.038 -0.040
US dollar) (0.044) (0.040) (0.035)
Region dummies and constant Yes Yes Yes
AdjustedR-squared 0.31
KleibergenPaap rk Wald F statistic: 8.8 5.4
Critical Values (for Panels A and B):
10% maximal IV size 16.4 7.0
15% maximal IV size 9.0 4.6
20% maximal IV size 6.7 4.0

Notes: Bold coefficients are estimated under the assumptianttie explanatory variable is endogenously
determined. Excluded instruments are: “major bordéh coast” (column 2) and additionally “share
married couples without children” (column 3). Numben parentheses are robust standard errors.
*** Sjgnificant at 1%; ** significant at 5%; * sigificance at 10%. Observations are clustered by &tege.
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Table 6
Explaining the growth rate of housing supply (N=82)
Dependent variable: Percent change in housing,r8&0-2000

1) 2)

_Based on gstlmated regulatory Table 5, Column (2) Table 5, Column (3)
index from:
Predicted Saks-Index of Housing -0.029 *** -0.029 ***
Supply Regulation (0.0058) (0.0057)
Percent change, housing units, 0.37 *** 0.37 ***
1980-1990 (0.051) (0.050)
Housing units, 1990 (in million 0.0016 0.00079
units) (0.0089) (0.010)
Constant 0.057 *** 0.057 ***

(0.012) (0.012)
AdjustedR-squared 0.47 0.47

Notes: Standard errors are (robust) bootstrap standaodsecomputed using the bootstrap procedure ieraxl
account for the fact that the regulatory index atle is estimated (using the fitted values fronupwuis (2) and
(3) of Table 5.Bold variable is endogenous. We performed 1000 bogtstplications for each of the two
regressions. Bootstrapping only slightly increates standard errors. Statistical significance le\ale little
changed. *** Significant at 1%; **significant at 5% significant at 10%. Results are qualitativeliytwally
unchanged if the 1990 population size is used ag@ovariable instead of the number of housingsuim 1990.
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Figures

Figure 1. Share developed, regulation and homehigerate.

[Te) [Te}
8 3
N N
X x
[} [}
24 24
= =
o go
o4 4
S S .
5] 5]
< T T T T ey T T T
= 0 2 ) 6 8 = 3 4 5 6 7
Share Developed 1992 Homeownership Rate 1990

® Reg. ldx 2005 Fitted values | |0 Reg. ldx 2005 Fitted values
” Panel c » Panel d
o o
S~ 'S o ° S~
3 o @ o L4 -
- P o " ® o S
o o® 0. ® ° g
=° ° ° ° =o
> ° =}
R AT g
o o o A
= J =

T T T T T T T T T T T
@ 1 2 3 . 3 4 5 6 1

Share Developed 1976 Homeownership Rate 1980
|0 Reg. Idx 80s Fitted values | |0 Reg. ldx 80s Fitted values |
Figure 2 Location equilibrium.
i | RHS of (7)
N
LHS of (7)
\\\
1 ‘ Y
\\
® E -
\\
N
N
fi- ¢ .
H N
J \\
\\
N
Y
\\
\\
N
N
N
@ L L 4 >

39



Appendix A. Proofs of Propositions

Proof of Proposition 1 . By inspection, the RHS of (7) is decreasingijrand it belongs to the

unit interval for anyH; OJ[0,H] (with complementary slackness), so there alwaystex

city j such that a positive mass of households desirggetn j. Conversely, the LHS of (7) is

linearly increasing irH; and it spans over the unit interval, &l J[O,H]. It follows that

there exists at least ongl[] such that the LHS and the RHS intersect exacttean the

interior of the unit interval; in general, the LH®d the RHS intersect at most once for any
kO0O. QED.

Proof of Proposition 2 and Corollaries 2.1 and 2.2. The proofs of Proposition 2 and Corollary
2.1 follow by inspection of (13) and (14). We naay lout the algorithm that we use to derive
these expressions, which is also helpful to bunlintuition for these results. It is convenient

to start with (iii). Using (11)R is increasing at? =0 by (12) andR, ([} is concave by (15).
Also, HYO(0,H) by (16). Thust! >0. Then (i) immediately follows from (11), since the
terms in the square brackets are both strictlytpesi(ii) Using (8) to substitute fdnl? in
(12), isolatingt? and «, repeating these operations for variables pertgino city k and
taking differences yields

t—t) = Z(w - ) (21)
To get (iv), note that (21) is equivalent i@, —t7) —(a) —t)I/(@w — ) =1-Z , which

belongs to (0,1). Then (v) follows from (21) and. ("ext, substitute (14) into (11) in order to
obtain (13). From (13), it follows that° = (gJ +H)/(J —1), which is increasing it and

H by inspection. This establishes (vi). It also dals from (13) that the variance tfris

equal to

gJ+TH 1
o+tH o(J-1)+J(0+1H)

Var(t?) = { } Var(w, )

Then (vii) follows by inspectiorQED.

Proof of Proposition 3. Since the (necessary) second order conditioni{akls for any vector
of taxest, it is also sufficient to ensure th&ltin (13) characterizes the unique SPE of the

game and that this equilibrium exisGED.
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Appendix B. Multinomial logit discrete choice model

In this appendix we replace the multinomial unifadtiscrete choice model of section 3 by the
multinomial logit (MNL) discrete choice modelhe aim is to show that the theoretical
predictions of Proposition 2 also hold in this case.
We replace (2) by

u;(h) =InV, +&,(h)

and assume that thgls are iid distributed according to the double expatial distribution

with dispersion parameter. As a result, we replace (3) by

_ exp( InV /J)
1> exp( IV, fo)

kOO

(22)

Simplifying (22) yields

1/o
f.= M

J zvklla

kOO

The determinants o¥; are the same as in the model of section 3. Théilmgum condition

(7) can now be rewritten as

(a)J —t]. _Z_Hj)lla

Ojoo,:  f=— = g (23)

H
That is, the fraction of people living jnis increasing in the well-being net of the regogat
tax ofj and decreasing in the well-being net of regulataryof citiesk= j. It follows from
(23) that the most desirable locations have a tatigen average population. To see this,
substitute the variables pertaining to locafjiom (23) by the corresponding averages and take

the ratio of the two to get:

(@ -t, ‘THj)W

w-1 - TH)W

H,
H

—

which implies (lw -t, =w-1 < H, = H and (ii) givenH , dH, /d(w —t;)> 0. Together,
these in turn impyH, >H < @, ~t, >@~-T, as was to be shown.
The location equilibrium exists and is unique; the method of proof is equivalent to the one of

Proposition 1 in the main text.

41



In order to obtain closed form solutions for bdth andVj, let us next normalize the variance

of § so thato= 1. In this case, solving (23) fe; and plugging the outcome into (6) yields:

H @ w-t TH
= | — — —_
e Vil ti)[l cT)—t_} (24)

Planning boards maximize (10) non-cooperativelyticgrating (24). The first order

conditions that solve this program and replace ¢ah)be written implicitly as({j (0 [1):

g max! 0 w-1° _mH
A ’(cT)—t_O) -(w —tF’)/J w-1°-1H
O . g .
whereV;" is the level of welfare (24) evaluated at the suhg perfect equilibrium (SPE).

Finally, replacing assumption (16) iyH < /2, one can show that the d&j E{j :t? >0}

is not empty and, using the same method of prodba®roposition 2 in the main text, one
can show thathe properties of the SPE are qualitatively identical in the MNL model to the

ones of the multinomial uniform model, as was to be shown.
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Appendix C. Robustness checks and quantitative effects

Table Al
Robustness check: Specifications with endogenopslatbon density (N=93)
1% Stage ¥ Stage
(1) 2) &) (4)TSLS  (5)JIVE () LIML
% Homeowner- Pop. density in
Developed, ship rate, developed  WRLURI, WRLURI, WRLURI,
1992 1990 area, 1990 2005 2005 2005
Share developed, 1992 2.0* 2.5* 2.0 *
(0.90) (1.1) (0.95)
Homeownership rate, 1990 3.9 3.0 4.3
(2.7) (5.5) (3.0
Population density in 150.7 -179.9 -192.7
developed area, 1990 (314.9) (650.3) (374.0)
Metro area has major border 0.087 *** -0.028 0.00027
with coast (0.026) (0.017) (0.00024)
% Households with married -0.25 1.4 wxx -0.005
couples, no children, 1990 (0.33) (0.27) (0.004)
Population density in MSA 0.13 *** -0.051 *** 0.00066 ***
(x10°), 1880 (0.010) (0.0062) (0.00017)
Share of land classified as 0.13 ** -0.012 -0.00051 ***
“plains — flat plains” (0.055) (0.019) (0.00020)
Share democratic votes in ~ -0.0045 ** -0.00059 0.000040 *** 0.042 * 0.056 * (02N
state, av. 1988 and 1992 (0.0021) (0.0014) (0.000013) (0.025) (0.031) (0)026
Household wage, 1990 (in ~ 0.0035 ** -0.00075 0.000020 * 0.019 0.0027 * 0.019
thousand US dollar) (0.0015) (0.0010) (0.000012) (0.017) (0.0015) (@)01
Region dummies and Yes Yes Yes Yes Yes Yes
constant
AdjustedR-squared 0.60 0.68 0.58
Weak identification test (Kleibergen-Paap rk Waldté&tistic): 3.46 3.55
Stock-Yogo weak ID test critical values: A NATT

Notes: Bold variables are endogenous. Robust standard errgrarentheses. *** Significant at 1%; ** significaat
5%; * significant at 10%. The Hansen J-statistio (veridentification test of all instruments) cahmeject the
hypothesis that the instruments are valiBased on historical MSA boundary definitiofisStock and Yogo (2005)
did not compute critical values for three endogenaxplanatory variables and four excluded instrusen
Observations are clustered by U.S. state.
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Table A2

Robustness check® Btage using alternative measures of share dewklapd
Dependent variable: Alternative measures of shaveldped land (1992)

1) 2) 3 4) ®) (6) Q) 8) ) (10)
Proxies for share developed:  Standard Only 20 km 20 km Excluding Excluding Average Av. place Median  Med. place
but based residential, radius, radius, parkland,  parkland, place in in MSA, place in in MSA,
on 1976 1992 1992 residential, 1992 residential MSA, residential, MSA, residential,
1992 1992 1992 1992 1992 1992
PANEL A (N=95): Population density in developeda(®990) is assumed to beogenously determined
Metro area has major border 0.14 *** 0.15 *** 0.21 *** 0.21 *** 0.17 *** 0.16 * ** 0.17 ** 0.18 ** 0.19 *** 0.20 **
with coast (0.034) (0.043) (0.068) (0.071) (0.056) (0.056) 06B) (0.070) (0.070) (0.074)
% Households with married -1.3 *** -0.33 -15* -1.2* -0.45* -0.27 0.61 057 0.92 1.1
couples, no children, 1990  (0.42) (0.36) (0.78) (0.73) (0.26) (0.24) (0.72) 76) (0.76) (0.76)
Population density in 42.3 24.4 -26.4 -22.4 -12.3 -9.2 18.9 25.6 20.1 029.
developed area, 1990 (34.4) (27.1) (49.61) (50.4) (27.4) (26.7) (34.2) 356) (36.5) (37.2)
Controls and constant Yes Yes Yes Yes Yes Yes Yes es'Y Yes Yes
AdjustedR-squared 0.38 0.41 0.22 0.22 0.32 0.30 0.26 0.27 26 0. 0.28
PANEL B (N=93): Population density in developedaa(2990) is assumed to bedogenousy determined
Metro area has major border 0.088 *** 0.076 *** 0.084 0.073 0.093 ***  (0.082**  0.073* 0.070 * 0.088 * 0.085*
with coast (0.024) (0.024) (0.056) (0.054) (0.030) (0.028) 04) (0.038) (0.044) (0.043)
% Households with married -0.98 *** -0.12 -0.95* -0.69 -0.22 -0.084 0.71 0.8 0.99 1.1
couples, no children, 1990  (0.30) (0.31) (0.53) (0.50) (0.41) (0.41) (0.69) 70 (0.76) (0.76)
Population density in MSA  0.14 *** 0.12 **= 0.13 **=* 0.014 **  0.069 ***  0.066 *** 0.12 **= 0.13 *** 0.17 == 0.13 **=*
(x10°), 1880 (0.0097) (0.0090) (0.022) (0.021) (0.014) (0.013) 0.015) (0.015) (0.018) (0.018)
Share of land classified as 0.048 0.13 ** 0.24 ** 0.25 ** 0.16 ** 0.16 ** 0.20 0.23 ** 0.21* 0.24 **
“plains — flat plains” (0.043) (0.051) (0.10) (0.10) (0.071) (0.070) (0.10  (0.10) (0.11) (0.11)
Controls and constant Yes Yes Yes Yes Yes Yes Yes es'Y Yes Yes
AdjustedR-squared 0.51 0.60 0.34 0.37 0.43 0.41 0.40 0.44 38 0. 0.42

Notes: Robust standard errors in parentheses. * Signifiaai%; ** significant at 5%; * significant at 10%Based on historical MSA boundary definitions. Obations

are clustered by U.S. state.
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Table A3
Robustness check"®Stage using alternative measures of share dewklapd

Dependent variable: Wharton Regulatory Index (2005)

1) (2 3) 4 ®) (6) Q) (8) 9 (10)
Specification (proxy for share  Standard Only 20 km 20 km Excluding  Excluding Average Av. place Median Med. place
developed): butbased residential, radius, radius, parkland, parkland, placein in MSA, placein in MSA,
on 1976 1992 1992 residential, 1992 residential  MSA, 1992 residential, MSA, 1992 residential,
1992 1992 1992 1992
PANEL A (N=95): Population density in developeda(2990) is assumed to beogenously determined
Share developed land 4.3 ** 3.2 ¥ 2.6 *** 2.5 2.8 *x* 2.9 wrx 2.4 * 2.2 ¥ 2.0 *x* 1.9 **=
(alternative measures) (1.7) (1.0 (0.99) (0.96) (0.89) (0.95) (0.79) @).7 (0.66) (0.63)
Homeownership rate, 1990 6.5 ** 3.3 5.4 ** 4.8 ** 3.4 3.1 15 1.29 1.1 0.91
(3.1) (2.1) (2.3) (2.3) (2.2) (2.2) (2.0) (1.96) Qe (2.0)
Population density in developed 29.4 37.4 247.5 218.8 154.1 136.6 15.9 -2.2 9.3 .0-12
area, 1990 (198.7) (150.9) (156.4) (158.3) (148.2) (147.1) 45 (154.1) (152.6) (154.0)
Controls and constant Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Kleibergen-Paap Wald rk F-stat 4.6 8.1 5.2 5.2 5.5 4.8 7.0 7.0 7.5 7.6
Weak ID test critical values 10% max. IV size: 7.0; 15% max. IV size: 4.6; 20%xmlV size: 4.0; 25% max. IV size: 3.6
PANEL B (N=93): Population density in developedaa(®990) is assumed to bedogenously determined
Share developed land 3.2 ** 2.1 * 1.6** 1.5** 2.2 * 2.2 1.5* 1.3 * 1.4 * 1.2 %
(alternative measures) (1.6) (0.96) (0.73) (0.71) (0.87) (0.90) (0.62) 5@). (0.56) (0.53)
Homeownership rate, 1990 4.9 3.7 53* 4.7* 4.6 4.3 3.0 3.0 2.8 2.7
(3.4) (2.6) (2.9) (2.8) (2.8) (2.8) (2.5) (2.4) 2. (2.5)
Population density in -89.0 142.7 339.2 304.1 335.8 331.3 222.1 221.2 215 218.3
developed area, 1990 (410.5) (311.8) (305.0) (302.1) (290.3) (287.7) 52 (293.9) (295.8) (295.4)
Controls and constant Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Kleibergen-Paap Wald rk F-stat 2.3 3.5 3.7 3.6 3.8 3.8 3.6 3.6 3.6 3.6
Weak ID test critical values Not available for specifications with >2 endogengasgables.

Notes: Robust standard errors in parentheses. *** Sigaiftcat 1%; ** significant at 5%; * significant a#d Bold variables are endogenous. Observations are chdstsr
U.S. state.
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Table A4
Robustness Check: Including population size astiatai control

1% stage (OLS)

%! stage (TSLS)

) &) 3
PANEL A (N=95)
% Developed, Homeownership rate WRLURI,
1992 1990 1995
Share developed, 1992 3.0 ***
(2.0
Homeownership rate, 1990 3.5
(2.3)
Metro area has major border 0.15 *** -0.037 ***
with coast (0.048) (0.012)
% Households with married -0.29 1.3 *x*
couples, no children, 1990 (0.45) (0.24)
Population density in developed 12.0 -28.9 ** 64.8
area, 1990 (38.4) (10.8) (155.6)
Share democratic votes in state, -0.0087 ** 0.0014 0.053 **
average 1988 and 1992 (0.0036) (0.0019) (0.022)
Household wage, 1990 (in -0.00092 0.00054 0.019
thousand US dollar) (0.0023) (0.0012) (0.014)
Population size ¥ 10°), 1990 0.021 * -0.0022 -0.022
(0.012) (0.0045) (0.055)
Region dummies and constant Yes Yes Yes
AdjustedR-squared 0.45 0.66
PANEL B (N=82)
% Developed Homeownership rate SAKS,
1976 1980 late 1970s and 1980s
Share developed, 1976 7.0 ***
a.7)
Homeownership rate, 1980 -5.3
(4.3)
Metro area has major border 0.086 ** -0.051 ***
with coast (0.035) (0.015)
% Households with married 0.46 1.1 %
couples, no children, 1980 (0.44) (0.19)
Population density in developed 13.1 -36.3 *** -373.9
area, 1980 (20.9) (9.7) (333.4)
Share democratic votes in state, -0.0047 -0.0010 0.039
average 1972 and 1976 (0.0033) (0.0017) (0.027)
Household wage, 1980 (in 0.0056 0.0044 -0.021
thousand US dollar) (0.0054) (0.0029) (0.039)
Population size X 10°), 1980 0.035 ** -0.0054 -0.17
(0.014) (0.0039) (0.12)
Region dummies and constant Yes Yes Yes
AdjustedR-squared 0.46 0.69

Notes. Bold variables are endogenous. Robust standard emopsmiientheses. *** Significant at 1%;
** gignificant at 5%; * significant at 10%. Obsetians are clustered by U.S. state.
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Table A5
The causal effect of land scarcity on the restrestess of land use regulations
with sample size restricted to that of Table Al
Method: OLS and TSLS {2Stage)

(1) oLs (2) TSLS (3) TSLS
PANEL A (N=93)
Dependent variable: WRLURI, 2005

Share developed, 1992 1.7 % 2.7 *** 2.9 ***
(0.54) (0.96) (0.98)
Homeownership rate, 1990 0.95 1.8 3.6*
(1.0) (1.1) (2.1)
Population density in developed area, -23.4 -22.9 60.3
1990 (114.9) (110.0) (152.0)
Share democratic votes in state, 0.044 ** 0.051 ** 0.051 **
average 1988 and 1992 (0.020) (0.021) (0.021)
Household wage, 1990 (in thousand US 0.018 0.016 0.017
dollar) (0.014) (0.015) (0.016)
Region dummies and constant Yes Yes Yes
AdjustedR-squared 0.43
Kleibergen-Paap rk Wald F statistic: 14.5 8.6

PANEL B (N=81)
Dependent variable: SAKS, late 1970s and 1980s

Share developed, 1976 1.1 7.0 *** 6.1 ***
(0.84) (2.3) 1.4
Homeownership rate, 1980 -3.7* -2.1 -5.1
(2.1) (2.5) (4.0)
Population density in developed area, -144.4 -390.3 -533.2
1980 (122.4) (267.5) (358.0)
Share democratic votes in state, average 0.0050 0.050 0.038
1972 and 1976 (0.038) (0.031) (0.030)
Household wage, 1980 (in thousand US -0.00031 -0.038 -0.039
dollar) (0.043) (0.040) (0.035)
Region dummies and constant Yes Yes Yes
AdjustedR-squared 0.22
Kleibergen-Paap rk Wald F statistic: 9.4 5.7
Critical Values (for Panels A and B):
10% maximal IV size 16.4 7.0
15% maximal IV size 9.0 4.6
20% maximal IV size 6.7 3.9

Notes: Bold coefficients are estimated under the assumptiantiie explanatory variable is endogenously
determined. Excluded instruments are: “major bovdér coast” (column 2) and additionally “share ned
couples without children” (column 3). Numbers ingrgheses are robust standard errors.

*** Significant at 1%; ** significant at 5%; * sigificance at 10%. Observations are clustered by &tege.
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Table A6
The causal effect of land scarcity on the restrgstess of land use regulations with
sample size restricted to MSAs that have inforrmatio SAKS and WRLURI
Method: OLS and TSLS {2Stage)

(1) OLS (2) TSLS (3) TSLS

PANEL A (N=63)
Dependent variable: WRLURI, 2005

Share developed, 1992 1.8 *** 3.5 *** 3.9 ***
(0.59) (1.1) (1.2)
Homeownership rate, 1990 1.0 2.1* 4.5 **
1.2) (1.2) (1.9
Population density in developed area, 49.6 82.7 194.3
1990 (120.3) (117.8) (136.6)
Share democratic votes in state, 0.025 0.037 0.040 *
average 1988 and 1992 (0.024) (0.023) (0.024)
Household wage, 1990 (in thousand US 0.023 0.020 0.022
dollar) (0.018) (0.018) (0.021)
Region dummies and constant Yes Yes Yes
Adjusted R-squared 0.40
Kleibergen-Paap rk Wald F statistic: 12.6 7.4

PANEL B (N=63)
Dependent variable: SAKS, late 1970s and 1980s

Share developed, 1976 0.98 10.2 ** 8.3 ***
(1.3) (4.3) (2.8)
Homeownership rate, 1980 -4.0 1.2 -3.5
(2.4) (3.4) (5.1)
Population density in developed area, -36.2 -268.0 -453.8
1980 (125.2) (337.5) (450.3)
Share democratic votes in state, average -0.00088 0.066 * 0.046
1972 and 1976 (0.035) (0.034) (0.029)
Household wage, 1980 (in thousand US -0.035 0.045 0.010
dollar) (0.059) (0.065) (0.068)
Region dummies and constant Yes Yes Yes
Adjusted R-squared 0.33
Kleibergen-Paap rk Wald F statistic: 4.7 2.6
Critical Values (for Panels A and B):
10% maximal IV size 16.4 7.0
15% maximal IV size 9.0 4.6
20% maximal IV size 6.7 3.9

Notes: Bold coefficients are estimated under the assumptiantiie explanatory variable is endogenously
determined. Excluded instruments are: “major bowd#r coast” (column 2) and additionally “share nizd
couples without children” (column 3). Numbers imgrgheses are robust standard errors.

*** Sjgnificant at 1%; ** significant at 5%; * sigificance at 10%. Observations are clustered by &tzge.
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Table A7
Quantitative effects

Effect of major access to cost line
Relative change in land scarcity =~ Absolute change in land scarcity

(Change in percent) (Change in percentage points)
Table 4A.1/2 +100% ; + 113% +15% ; +17%
Table 4.B.1/2 +65% ; +59% +11% ; +10%

Effect of increase of land scarcity by one staddhaviation
(+13 percentage points) on regulatory restrictigsne

Change in regulatory index Change in rank order
Table 5A.2 +0.35 (WRLURI) 48. 33
Table 5A.3 +0.38 (WRLURI) 48. 33
Table 5B.2 +0.91 (SAKS) 42. 19
Table 5B.3 +0.81 (SAKS) 42. 20

Effect of an increase in the homeownership ratermy standard deviation
(+7.0 ; +7.4 percentage points) on the regulatesyrictiveness

Change in regulatory index Change in rank order
Table 5A.2 (+0.13Y (48 - 45)7
Table 5A.3 (+0.25)"" (48 - 39)™
Table 5B.2 (-0.16)" (42 - 48)7
Table 5B.3 (-0.38)" (42 - 51)°

Effect of increase in predicted regulatory ind8AKS) by one standard
deviation (+1.0) on the growth rate of housing $ypp

Change in the growth rate of housing Change in rank order
supply between 1990 and 2000

(Change in percentage points)
Table 6.1 -2.9% 42. 56
Table 6.2 -2.9% 42, 56

Notes: The marginal effects are measured at thensnefaithe independent variables. The marginal
effect of having major access to a coast is medsiorean MSA that does not have major access to a
coast compared to one that has access. The chamgeki order is calculated for the MSA with the
median regulatory index and the median growth ragspectively.” Effect is not statistically
significant.™ Effect is only marginally statistically significant
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