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1 . The spatial consequences of autarky
in land-use regulation: strategic
interaction or simply parallelism?

Paavo Monkkonen and John M. Quigley

INTRODUCTION

The regulation of land use in most urban areas of the United States does hol
occw at the metropolitan level. Loial jurisdictions in most states hav€ alnost
complete contol over land-use regulation within their boundaries. Since
metropolitan areas are typically composed oftens or hundreds ofjurisdictions
of varying sizes, it is not surprising that these regions exhibit great variation
in the stringency of land-use regulation within their borders. Moreover, it is
generally supposed that the lack of coordination in land-use regulation,
combined with strategic implementation of ordinances that limit groMh or
density, has untoward effects on population gowth pattems, leads to the
exclusion of low-income households from some communities, and results in
higher housing prices overall.

Metropolitan regions in Califomia provide an exfieme example of the
uncoordinated spatial distribution of land-use regulation, as their constituent
jurisdictions are ahnost completely autarchic. Previous research on land-use
regulations in Califomia has demonstrated that the sFingency of regulation at
dre city level has significant and important effects on housing prices and
demographics throughout the state. In this analysis, we focus on the spatial
pattems of land-use regulation within the San Francisco Bay Area. We test
whether the obsewed spatial pattgrn of land-use regulations across cities is
the result ofthe spatial autocorrelation of their demographic characteristics,
or is a consequence of the interaction among the regulatory policies adopted
by city governments.
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THE IMPACTS OF POLITICALLY FRAGMENTED
LAND-USE REGULATION ON URBAN CROWTH. SEGREGATION
AND HOUSING PRICES

A growing body of empirical research focuses on the impact of land-use
regulation on three outcomes: uban growth pattems, the spatial distribution
ofdemographic groups and housing prices. The politically fragmented natue
of land-use regulation in most metropolitan areas is central to much of this
analysis, as it is the variation in the regulatory stringency in different places
(mefopolitan areas or the jurisdictions within them) that is linked to
variations in housing prices, growth pattems and levels of segregation. Much
of this research has been conducted at the metropolitan level. As noted,
however, land-use regulation is quite often connolled by city govemments,
and there are b?ically a large number of local governments in any given
metropolitan area. Moreover, this intra-metropolitan political fragmentation
in land-use regulation gives rise to some of the more important and
complicated impacts ofthe regulatory system.

The study of 'sprawl' and its causes has addressed the question of
political fragmentation most explicitly. For example, Fulton and his
colleagues found that, in metropolitan areas with more fragmented local
govemnents, more land was converted to urban use to accomrnodate a given
level of population growth (Fulton et al. 2001). Camrthers (2003) has
developed a conceptual model indicating how the politically fragmented
landscape leads to less dense pattems of gowth. Land-use regulation in cities
in the interior of a metropolitan area pushes new growth to the peripheral
areas. After the passage of time, these outlying areas incorporate as cities
with the power to regulate land use and thus to push growth further out again.
In a test of this model, Carruthers finds significant, positive effects of
municipal fragmentation on the perc€ntage of metropolitan population
change that occurs at the urban fringe.

The connection betwe€n land-use regulation and high housing prices is
most apparent in metropolitan level comparisons, and is evident using simple
graphical analysis (Malpezzi 1996; Quigley 2007). In two recent studies
which focus on cities in Florida and the San Francisco Bay Area, it has been
shown that variation in land-use regulation at the city level within
metropolitan areas is linked to higher housing prices. Both studies use
instrumental variables techniques to account for the endogeneity of
regulation in a hedonic model of housing pdces. Both find a significant and
positive relationship between indicators of regulatory restrictiveness and
housing prices (lhlanfeldt 2007; Quigley, Raphael and Rosenlhal 200?).

Thee quantitative studies of California cities provide evidence of
'exclusion' attributable to strict land-use r€gulation, which leads to increased
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levels of segregation of low-income and minority households (Donovan and
Neiman 1992; Levine 1999; Quigley, Raphael, and Rosenthal 2004). Using a
survey of 147 Califomia cities, Donovan and Neiman (1992) show that an
increase in the fraction of Black residents in a city is regatively associated
with the number of regulations enacted. Using a similar but more
comprehensive survey with a larger sample of California cities, Levine
(1999) reports similar results, and he also extends the analysis to address the
distribution of income and the share of a city's population that is HisPanic. ln
a more recent analysis of the issue, Quigley et al. (2004) show that land-use
regulation which favours the development of single-family housing is
associated with decreases in the proportion of the minority poPulation in
cities in the Los Angeles Metropolitan Arca.

Only one study has analysed the spatial association of land-use regulation
across cities. Brueckner (1998) uses data on cities across Califomia to test for
an interaction between the gro*{h control measures adopted by one city and
those adopted by neighbouring cities. Using a spatial autoregressive (SAR)
model, Brueckner lmds that - under reasonable conditions - a variable
measuring local gowth conffol limitations has a signiflrcant effect upon
similar measures adopted by other cities.

There are two major problems in interyreting Brueckner's results. FLst,
the distance thresholds used for the spatial analysis are quite high - 50 and
100 miles. The idea that the decision by one city to impose growth controls is
influenced by the decisions of cities 100 miles away is implausible - the
land-use regulation decisions made by the city of San Francisco are not
influenced by those made by the city of Saqamento. Second, Brueckner's
model does not recognize the spatial autocorelation of the demographic
characteristics of cities, and the possibility that the observed spatial
correlation of the regulations adopted by neighbouring cities may arise
simply from the similarity of their socio-demographic characteristics and
underlying citizen preferences. We address these two problems in the
empirical analysis reported below, using new data on several distinct aspects
ofland-use regulations imposed by cities ofthe San Francisco Bay Area.

THE METROPOLITAN CONTEXT AND THE DATA

The San Francisco Bay Area includes over one bundred separate and
independent land-use jurisdictions. The nine counties that deftne the Bay
Area have authority over land-use decisions in their unincorporated areas,
while the 101 incorporated cities control the land use within their boundaries.
The San Francisco Bay Area has received considerable attention in the study
of land-use regulation because it is one of the most heavily regulated
metropolitan landscapes in the world. It also contains some of th€ most
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expensive housing in the United States.r The Bay Area is also notable in that
it has more op€n space and preserved greenbelt than any other metropolitan
area in the United States, due both to its unique geography and its history as
home ofthe conservation movement (Walker 2008).
The regulatory data analysed b€low were collected as part of a survey
conducted n 2006n007 .' The survey was adrninistered to public officials in
the planning offices of city and county governments, and the responses were
coroborated by developers, builders and environmental consultants in the
Iocal area. The survey asked a variety of questions about the political
influences on land-use regulation, the process of project approvals and
zoning changes, the enactment of specific ordinances to control gowth or to
restrict development, and the average rate ofdelay and rejection ofproposed-
dev€lopment projects. The response rate ofpublic officials on the suryey was
quite high (79 percent).

We usc responses from 76 of lhe 77 cities for which complete data are
available.3 Figure l,l shows the cities and counties ofthe San Francisco Bay
Area, and indicates those cities for which data are not available. The figure
also shows distance boundaries of20, 30 and 40 kilometres around the city of
Berkeley in order to illustate the different spatial neighbouhood thresholds
that will be us€d later.

The survey instrument repr€sents one ofthe most comprehensive attemprs
to measure land-use regulation to date. Nevertheless, transforming qualitative
survey responses on regulation into quantitative measures ofrestrictiveness ls
challenging (see, for example, Gyourko, Saiz and Summers 2008). The state
of the art in this enterprise remains the simple summation of ordinances n
some category of regulation, such as growth control. This yields a
meaningful measure, e.g. the number of growth control regulations, which
can be used to test the impact of growth controls. However, some categories
of regulation have proven more difticult to quantiry meaningfully, and a
consistent method for combining categories into an overall index of
regulatory restrictiveness remains elusive.'

In our emptical analysis, we focus on fow subsets of questions in this
survey: the approvals needed for obtaining a pennit for a new housng
project; the approvals needed for a change in the zoning code; the presence of
caps on r€sidential development; and the restiction of density through
minimum lot-size ordinances. Tables L l, 1.2 and 1.3 describe the resDonses
to th€se questions. Table l.l pr€sents the responses to questions about
reviews needed for project approval and for zoning changes. The vast
ryj9nty of cities require approval from the planning Commission, the
Building and Fire Departments, and a Califomia Environmental euality Act
(CEQA) review for all projects. In addition, slightly more than half requue
some sort of architectural or design review. The most prevalent ry?; of
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aDproval needed for a zoning change is fiom the Planning Commission and

l1l,- C""* . required in al-rnosi every city surveyed' In addition' a
Iil''"i'"i" i'ti"rt 

^irmber 
of cities require a growth management analysis and

;;;;;;il fiJm the Health DePartment for a zoning change other revtews

; ;"p';;;it- ;;q"ired bv citiei include a public benefits review' Police

o"oi,i..ot appioval, a geotechnical assessment and approval from the

Caiifomia Coastal Commission'

Figure 1.I Cities and counties surveyed in the San Francisco Boy Area

Tables 1.3, 1.4 and 1.5 describe the quantitative variables derived from these

r*""V r*p"** ns noted, Table 1.j outlines the minimum lot-size variable'
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Table l.l Nunber and percent of cities requiring proiect aPproval or review
by various nublic bodies

Approval or
Review by:

A. No zoning change B. Zoning change

Number Percent Number Percent

Planning Comrnission
City Council
Landmarks/llistorical
Commission
ArchitecturavDesign
Review
Building Department
Fire Department
Health Department
Parking/Transportation
CEQA review
Growth management
analysis
Other

57
l8

l l

45
64
64
l9
2l
62

t)

24

t4

95
97

72
74

I

7
42
JY
60
20
26

59
84
84
25
28
82

l6

I

o
f)

78
79
zo
34

Table 1.2 Nunber and percent ofcities by type ofdevelopment cap enacted

88
2l

o/
l6

t2
l6

/o

l6

IJ

)
t0
4

Category ofCaps
Number of
Jurisdictions

Percenl of
Jurisdictions

No development cap
Single-family building permits
granted
Multi-family building permits
granted
New single-family units
New multi-family units
Population gowth

58

t2

l l
l0

l4
l3

obtained by categorizing increasing sizes from 0 to 4. Tables 1.4 and 1.5
describe the cumulative number of approvals or reviews required and the
number of development caps enacted by the local govemment. Not
surprisingly, cities generally require more reviews and approvals for zoning
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changes than for Projects that do not require a zoning change' Most cities i:r
the S-an Francisco Bay Area have not enacted any development caPs, but
those that have enacted these caps generally adopt two or more

Table 1.3 Number and percent of cities by lot-size resftictiow enacted

Lot-sizeRestrictions Coding Jurisdictions Jurisdictions

None
Less than 72 acre
'/, acre uP to I acre
I acre to 2 acres
More than 2 acres

0
I
2

9
36
IJ

l

t2
41
1'1
7

t1

Table L4 Number and percent of cities by cumulative number of approvals
required

A. No zoning change B. Zoning Change
Number of Approvals
Required Number Percent Number Percent

0
1
2
3
4
5
6
7
8

l0

2
4
3
5

10
l8
18
9
3

0

3
5
4
7

l3
24
24
12

5
0

I
2
3
7
)

l1

l1
l6
5
I

I
3
4
9
7

t4
t7
t4
2l
7
I

The indexes summarized in Tables 1.3, 1.4 and 1.5 suffer Aom a problem
inherent to the construction of quantitative indicators - they do not describe
th€ stringency of a regulation exactly, rather the number of components it
has. More ordinances need not mean stricter regulation; however, this is as
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good a proxy as is available. This limitation should be taken into
consideration when interpreting results.

Table 1.5 Number and percent ofcities by amulative detelopment caps
enacted

NumberofCaps NumberofJurisdictions PercentofJurisdictions

Table 1.6 Summary ofdenographic data for cities suneyed in the San
Francisco Bcy Area (Year 2000)

Variable Mean Std. Dev. Min. Max.

76

l3
I

58
2

l0
I
3

0
I
2
?

5

Median household income
(thousands ofdollars)
Percent of adult resid€nts
with a college degree
Percent of dwellings that
are owner-occupied
Percant of population under
l8 yean ofage
Percent of population that is
White
Single-family housing
permits issued
I 990-2006(Housing stock
in 1990)
All permits issued l99G-
2006(Housing stock in
1990)

75.83

2t.78

64.99

25.43

68.32

0.14

0.19

3t.42

10.25

t3.43

4.82

19.27

0.20

0.23

37.t8 200.00

5.23 41.98

34.98 98.34

7.00 34.00

26.00 97.00

0.00 t.44

0.00 |.46

Sourcq Udird Star.s Census Bu.eau, 2002: Califomia Builditg Institute,2006
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In addition to the data on regulations imposed by the cities of the San
Francisco Bay Area, data on the number of building permits issued by these
cities from 1990 to 2006 is available from the Califomia building institute
(2006). Table 1.6 summarizes descriptive information on selected
demographic characteristics ofthe sample of76 cities.

THE SPATIAL DISTRIBUTION OF LAND.USE REGULATIONS IN TTIE
SAN FRANCISCO BAY AREA

Figures 1.2 to 1.5 present the spatial distribution of the measures of
regulatory restrictiveness for cities in the San Francisco Bay Area. Figue 1.2
reports the number of reviews required for the approval of a new
development project in each of the ?6 cities. Figue 1.3 reports analogous
information for the approval of a development project requiring a zoning
change. Figure 1.4 documents the spatial distribution of the caps on
development enacted by those same cities, and Figue 1.5 indicates the
spatial distribution of densiry restrictions imposed by San Francisco Bay
Area cities. Figures 1.6 and 1.? present information on the housing permits
issued by the same cities.

ln Figures 1.2 to 1.7 there apPears to be a spatial association in the
geographical dishibution of regulations and permits across these cities.
Clusters of cities with a high number ofreviews required for Project approval
and zoning changes are evident north of San Jose, on the peninsula near San
Francisco, in Sonoma County and in central Contra Costa County. Clusters of
cities with development caps are even more aPparent in Sonoma and Marin
county and in southem Santa Clara County. Cities with strict density
restrictions are clearly clustered in the East Bay, and in Marin and SoDoma
counties. As expected, high numbers of building permits for single'family
housing, and all residential construction, relative to the pre-existing stock of
residences are found throughout the peripheral cities ofthe metroPolitan area.
To investigate the extent to which land-use regulation is affected by the
spatial relationships among these variables and the demogaphic
characteristics of cities. we conduct four sets of tests. First, we analyse the
spatial autocorelation of the regulatory and permit variables, as well as that
of the demographic variables. Then, we analyse simPle autoregressive
models using spatial lags and compare these to ordinary least squares
statistical models of the determinants of regulatory stringency. Finally, based
on the results of the autoregressive models, we incorporate spatial lags of
sorne of the demographic variables in models known as spatial Durbin
rnodels (LeSage 1999).

The Spatial Coruequencet of Auta y in Land-use Regulation 13
First Order Spatial Autoregressiv€ Models

The basic empirical model of spatial autocorelation takes the following
form:

!=p,wa+e, ( l . l )

Figure 1.2 The number of reviews or approvals required for housing
development projects in San Francisco Bay Area cities

Where I/ is a matrix of spatial weights, standardized so that its rows sum to
one, and y is a quantitative variable, e.g., one of the regulation measures
described above (expressed in deviations ftom the mean to etiminate the
constant term in the mod€l). The p term, a simple correlation coefficienr, rs



Figure l.j The number of approvals requiredfor zoning change in San

Francisco Bay Area Cities

14 Societies in Motion

estimated using maximum likelihood m ethods We test this spatial

uuior.gt.triu. model using four differcnt spatial weights maJnxes: a

;;;;i;;t y matrix, in which the elements of the weight marix' W4' have a

""i-"lf 
i". one ifcityi and ciry, share a border and zero otherwise' and thee

oiii"r"nt inu"tt" distance matrices The elements of each inverse distance

^^i1*"*" 
W, = l/di1 for dij< d!, and dt= 0 for dr'^! !, is the distance

il"t*i".'"rtti-o ciiy,, ni t is the distance cut-off point ln the simple

uoto.o.tatution t"tts, we consider cut-off points at 20' 30 and 40 kilometes'

"i'if.i"ro"t"a 
in Figure 1.1. Beyond the cut-off point' cities I and j do not

influence each other.
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Table 1.7 presents spatial autocorrelation measures for the 76 cities in the
sample, using these four spatial weight matrices. All of the demographic
variables are highly positively spatially conelated - cities are similar to their
neighbours - and increasingly so as the definition of neighbour becomes
broader. The regulatory yariables are also consistently serially conelated over
space, although much less so than the demographic variables, and not very
highly when only considering immediate neighbours. The number of
developm€nt caps and density restrictions are less spatially corelated than
the number of reviews needed for project approval or zoning changes.
Permits for single-family homes and all residential permits combined are also
less spatially correlated than the demogaphic variables, especially at low
distance thesholds.

Figure 1.4 The number ofdevelopment caps enacted in San Francisco Bay
Areq cities



Societies ih Motion The Spatial Consequences of AutarlE in Lahd-use Regulation l7
l6

t-.'

oen!lty R6!ttlctlon!

lo
I r
fz-o
- j Missin0 data

: County Bolndaries
N {n

0 5 lo 20 Klotule6
6inh ciri c4nv t

!o-ev"
l t - tsu"
f zo-zoox

j t,tissrng oara

- -: County eounOaries
N

0 5 10 20 Kilwre6
s.ntacrur c.qly "

" { i
''r 

{

Figure 1.5 The number of density restrictions enacted in San Francisco Bay
Area cities

It is striking that all the correlation coefficients reported in Table 1 7 are
Dositive. and ;ll coefficients are statistically significant at the 0 05 level'
^lnaeed, of the 44 conelation coefficients reported in Table 17'.42 are
signihcant at the 0.0I level. Demogaphic characteristics and local
reiulations are significantly and positively conelated over space' and the
pr-opensity ofcities to issue building permits is also highly conelated'

Figure 1.6 The number of single-family housing permits ksued by San
Francisco Bay Area cities, 199U2006 (as afraction of housing stock in
19901

Based on the above measures of spatial autocorrelation, we us€ the 30 km
inverse distance weights matrix for the remainder of the analysis. While the
'right' spatial neighbourhood is always difficult to defure, considering a 30
km boundary is appropriate for the influence on regulation. Cities are
influenced by more than just those cities they border, or thos€ very close by.
Restricting the distance boundary to 30 km also simplifies the analysis.
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Figure 1.7 The number of all housing permits issued by San Francisco Bay
Area cities, 1990-2006 (as a frsction of housing stock in 1990)

OLS and Spatial Autoregressive (SAR) Models

From Table 1.?, it is clear that a positive sPatial autocorrelation exists
between regulations and permits. But does this depend sirnply on the sPatial
autocorrelation of demographic variables? ln order to test this, we compare
simple ordinary least squares models of the determinants of regulation with
results obtained using the SAR model, which includes a spatial lag of the
deoendent variable. SAR models take the form:

y=p*l( / r+X*p+e, (t .2)

The Spatial Consequences ofAutatky in Land-use ReEulation 19
where again, the ,I/ matrix is a spatial weight matrix and the p term is the
spatial correlation coefiicient. Note that in this formulation, the spatial
autocorrelation is conditional on the matrix of explanatory variables il X As
with other empirical work on regulation, we assume that city demographic
characteristics are not eldogenous in these models; the demogaphic
information refers to conditions seven years earlier than the regulatory data,
and is thus relatively unaffected by the regulation.

Table 1.8 reports the results llom the OLS models relating demographic
characteristics of the cities to the regulations they have adopted and the
building permits they have issued. There is essentially no impact of
demographic characteristics on the approvals process for new housing
projects or for zoning changes. However, several demographic charact€ristics
(the percent of residents with a college education, the perc€nt ofthe residents
under 18 years of age, and the percent of residents that are White), have a
significant impact on the number of development caps enacted by a
jurisdiction. The percent of residents that are White is positively associated
with the level of density restrictions. Overall, the influence of demographic
characteristics on the regulations is not large. Several demogaphic variables
- the percent of adults with a college education, the percent of dwellings that
are owner-occupied, and the percent of residents that are White - have a
weakly significant impact on the number of residential building permits
issued by a jurisdiction for single-family housing between 1990 and 2006,
measured as a fraction ofthe total residential housing stock in 1990.

The SAR models reponed in Table 1.9 include a sparial lag of the
dependent variable, making it possible to test the effect of the level of
regulation in neighbowing cities on the regulation adopted in any city, while
controlling for the demographic characteristics of that place. The estimate of
p, the spatial lag, is statistically signihcant for the models of development
caps, density restdctions, single-family housing permits and all permits. It
indicates, for example, that the number of development caps enacted by
neighbouring cities positively influences the number of development caps in
any city, controlling for the demogaphic characteristics of that city. The
spatial correlation is negatiye for density restrictions, which is consistent with
the conventional wisdom that cities restrict density within their own
judsdiction in reaction to the absence of density control in neighbouring
cities.
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Table 1.7 Spatial auloregression coefrcients for San Francisco B6y Area
cities

Inverse disiance with cut off at:

20 km 30 km 40 km

(thousands of dollars)
P€rcent of adult
residents with a
college degree
Percent ofdwellings
that are owner-ccupied

Percent ofpopulation
under I 8 years of age

Percent of population
that is White

0.78+1 0.89tr
( t2.01) (15,?l)

0.81'r  *
(14.10)

0.76',t*
(11.05)

0.7 6**
(rr.27)

0.72r*
/o to\

0.66r'r
(7.22)

0.624*
(6.3s)

0.28 0.63**
(r.e3) (4.11)
0.44** 0.734*

(3.51) (6.05)

0.89** 0.9244
(15.85) (14.16)

0.91r* 0.99r '*
(18.89) (r35,72)

0.92*4 0.99++
(21.13) (83.15)

0.89** 0.95*x
(15.s7) (23.0s)

0.82* i
(e.5s)

0.93**
(15.39)

0.82** 0.93t*
(e.61) (16.64)

projects with no
zoning change
Approvals required for
projects with a zoning
change
Development caps

Density restrictions

C. Permits Issued

0.95fr
Q0.99)

0.73**
(4.49)
0.77**

(5.42)

0.96rr
Q8,r2)

0.94* |
(16.e2)

0.99t*
(70.38)

0.99'r *
(106.45)

0.97r*
(38.73)

0.96+t
(25.3s)

0.95*r
(21.59)

0.77r*
(4.33)
0.82*r

(5.66)

Single-family housing
permits issued
1990-2006 |
(Housing stock in
1990)
All permits issued
1990-2006 |
(Housing stock in
1990)

0.59t+ 0.89t* 0-9214
(3.69) (10.8e) (12.09)

0.30*
(2.16)

0.38rT
(2.83)

0.64*'r
(4.2e)

0.84'i * 0.87r,r
(7.58) (8.02)

Notgs: Asymptotic t-ratios ar€ n parcnthesis
. inaicatci sigrtificancc * tlle o.03 levcl and i I indicat€s sigBifcance at lhe 0.0 I level.

Demogaphic
Characteristics

Approvals required for
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Table L8 OLS models ofthe determinants ofregulatory stringency

Proiect Zoning Caps Density SFH

2l

All
Intercept

Log (Median
household income)

Percent of adult
residents with a
college degree

Percent of
dwellings
that are owner-
occupied
Percent of
population
mder l8 years of
age

Percent of
population
that is White
R-squared
F

-0.72 -t2,82 -5.63 -t2.56
G0.04) (-0.68) G0.62) (-t.24)

0.87 0.85
(0.40) (0.2e)

-0.10 -0.07
(-0.4s) (-0.23)

-0.86** -1.05
(-2.6t) (-r.a)

0,64
(0.37)

2.23
(0.45)

-2.85
G0.88)

t.97 0.46 1.20
(1.03) (0.s2) (1. r6)
-2.88 -5.31*r -3.50

(-0,46) (-2.37) (-1.16)

-3.78 -2.67 -r.20 0.53 0.46
(-1.03) (-1.53) (-0.69) (1.07) (0.86)

-3.15 -3.71 7.40* '  3.55 0.15 -0.31
(-0.42) (-0.47) (2.01) (0.93) (0.19) G0.30)

L.z l  1.13 3.16**
(0.e3) (0.82) (3.76)

0.08 0.04 0.26
t,zt  0.65 3.67**

2.28*\ 0.22* 0.15
Q.ee) (1.71) (0.87)

0.r2 0.29 0.19
2.96** 7.32** 3.93**

Not€s: T.ratios are in parenth€sis, generated usirlg While robust stand.rd enors.
. indicates significance st the 0.l0 level
r* indicates signifiognoe stthe 0.05 l€vel.

Each of the SAR models reported in Table 1.9 is highly significant, as
indicated by their associated ll values. It is tempting to interpret the
autoconelation parameters, significantly different from zero in four of the
models, as evidence of strategic interaction among jurisdictions. lnterpreted
literally, the results in Table 1.9 state that cities are likely to take neighbours'
land-use regulation into account when adopting their own rules. Indeed, in
Brueckner's (1998) analysis, a test for shategic interaction among local
govemments is merely a test of the significance of the spatial lag term. But
these SAR models suffer from a potentially spurious indication of spatial
influence. It is certainly possible that the significant spatial association
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obs€rved arises merely from the spatial conelation in demographic variables
that determine regulatory policies and permitting outcomes. Thus, although a
city's proclivity to restrict density or impose development caps is associated
with that of its neigbbours, this may adse from the similarity in the
demographic characteristics of neighbouring cities rather than from some
srategic interaction or reaction. We test this below.

Table 1.9 SAR nodels o/the determinants ofrcg latory stringency

Proiect Zoning Caps Density SFH All
lntercept -1.35 -t2.62 -6.74 -t0.47 0.64 0.63

G0.08) (-0.65) G0.72) (-1.02) (0.46) (0.3s)

I

Log (Median 0.83
householdincome) (0.48)

Percent ofadult 2.28
residents with a (0.44)

Percent of dwellings -3.21
that are owner- c0.gg)occupreq

Percent of population -2.93
under l8 years ofage G0.43)

Percent of population l.l5
that is White (0.79)

2. t2 0.58 L05
(1.08) (0.61) (1.01)

-2.90 4.62* -3.16
(-0.4e) (-1.64) (-1.02)

-4.06 -2.26 -1.08
(-l.oe) (-1.28) (-0.55)

-4.07 5.90 4.2r
(-0.53) (1.58) (1.03)

l . l0 2.46+t 2. t8*+
(0.67) (3.02) (2.s4)

-0.07 -0.04
(-0.48) (-0.23)

-0.75* -0.99*
(-1.82) (-1.83)

0.54** 0.46
(2.06) (1.34)

-0.31 -0.67
(-0.s7) (-0.e4)

0.12 0.06
(1.04) (0.42)

P

2

-0.26 -0.27 0.36** -0.41* 0.57** 0.39*+
(-r.07) Gl.l0) (2.00) (-1.7e) (3.e5) (2.0e)
263.38 282.46 t70.5 185.9 118.76'79.4

Notes: Asymptotic t-ratios are in parenthesis.
t indicates sigrilicanc€ al the 0.l0level
t' indicates sigtrilicanc€ at th€ 0.05 level.

Spatial Durbin Models

ln order to separate the inlluence of the regulations adopted by neighbours
from the fact that cities are demographically similar over space, we estimate
a series of spatial Durbin models.s By including spatial lags of demographic
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characteristics of neighbouring cities on the right hand side ofthe regression
model, spatial Durbin models test wheth€r the demographic composition of
neighbours influence a city's decision to adopt regulations. More
importantly, however, the significance ofthe spatial lag ofregulation, p, now
represents a test of whether cities recognize and react to their neighbours'
regulatory decisions, controlling for the demographic similarity of cities
across space.

The soatial Durbin models take the form:

y = p*W, + X+pt + W.X*pz + e, (1.3)

Where y, p, W and X te the same as before, but now there is an additional
matrix X of independent variables that is lagged over space with the weight
matxix l/. The vector of coefficients f2 measures the influence of
demographic characteristica of neighboudng cities on the regulatory
outoomes observed in a city.

Table l.l0 reports the results of spatial Dubin models that include all the
independent variables considered previously and the spatial lag of the most
important right-hand-side variables from the SAR model (the percent of
residents with a college education, the percent of dwellings that are owner-
occupied, and the percent of residents that are White). All the models are
significant as indicated by the log-likelihood ratios and their associated;2,
Some of the independent variables in the models are statistically significant
at conventional levels, including some of the spatial lags of demographic
characteristics.

However, the spatial lags of development caps, density restrictions and
the permits for single-family housing, significant in the SAR models, are
insignificantly different from zero when controlling for the demographic
characteristics of neighbouing cities. Thus, we cannot reject the hypothesis
that there is no association between cities' regulatory decisions and those of
their neighbours. Similarly, in the models for the number of approvals or
reviews needed for development projects and zoning changes, and all
residential permits issued from 1990 to 2006, we are unable to reject the null
hypothesis for p. There is apparently no interaction among local
governments' regulatory decisions.

To test the robustness of the relationship, we estimate a series of
parsimonious spatial Dubin models, which only include the three variables
that are most significant in the SAR models and their spatial lag. Table l.l I
reports these results. The significance ofp for models of regulatory variables
and permits issued does not change under this specification, indicating that it
is not possible to distinguish the spatial autocorrelation in regulations enacted
by cities frdm the spatial autoconelation in their demographic charactedstics.
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Table l-10 Spatial Durbin nodels ofthe determinants ofregulatory
stringencY

SFH All
Intercept -11.24

G0 6l)

Los (Median household 1.50
inc-ome) (0 81)

Percent of adult residents 2.34
with a college degree (0.45)

Percent ofdwellings that -3.51
are owner-occupied G1.08)

Percent ofpopulation 0.73
under 18 years of age (0.41)
Percent ofpopulation -6.08
that is White G0.E5)
ry*(Perc€nt ofadult -4.32
residents with a college G0.70)
degree)
P@ercent of dwellings 3.18
that are owner-occupied) (0.55)

,/| (Percent of 3.84
population that is White) (1.29)

-20.00 -14.05
G0.95) Gr.4l)

2.E2 l. t 4
(1.34) (r .14)

-2.85 -4.89*
G0.4e) Gl.7s)

-4.45 -2.78
Gl.2l)  GI.58)

0.83 2.46{i
(0.41) (2.53)

-5.56 4.55
G0.6e) (1.18)

-2.06 -3.21
t0.30) c0.e2)

-3.02 0.51
G0.46) (0.17)

4.47 3.54+
(1.32) (r .e3)

-6.70
(-0.60)

0.69
(0.62)

-3.43
(-1. r 0)

-0.88
G0.45)

-0.07
G0.4e)

-0.78rr
(-2.02)
0.53rr
(2.t7)

2.631l, 0.09
(2.46) (0.6e)

5.l l -0.42
(l.le) (-0.78)

2.y2 -1.02t
(0.80) (-1.e2)

-0.51 l .8 l r t
(-0.r5) (3.72)

-1.18 -0.28
c0.65) c1,25)

0.00
(0.00)

-0.71
c0.44)

-0.01
(-0.03)

-l.00rr
(-2.05)

0.44
(r.42)

0.01
(0.06)

-  1.03
G1.53)

-1.56**
G2.48)

2.58rr
(4.49)

-0.12
G0.42)

-0.26 -0.30 0.17
G1.04) GI.23) (0.81)
26t.23 2E0.57 t66.74

-0.37 0.10 -0.13
c1.52) (0.45) (-0.56)
185.07 134.0E 96.EE

Notes: Asymptotic t.ratios ar€ in p8renthesis.i indicales rigDificsncp at the 0.10 levclrt indicatB significrncr st the 0.05 level.
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Table 1.1 1 Linited spatial Durbin models ofthe determinants ofregulatory
st/ingency

Project Zoning Caps Density SFH All
InterceDt 3.24 7.36 -2.78 0.20 -0.70*!t -0.88**

(0.78) (r.s2) (-1.27) (0.08) G2.25) G2.31)
6.401 3.55 -3.66r -3.19 _0.83rr -0.8lri '
(r.85) (0.90) Gr.95) (-r.s2) (-3.r9) (-2.46)

Percent of adult
residents with a
college degree
Percent of dwellings -3.09* -2.30 -0.31
that are own€r- G1.64) GI.07) G0.30)
occupied
Percent ofpopulation l.14 1.28 2.20+r
that is white (0.66) (0.65) (2.30)

zt@ercent of adult -2,04 1,62 -2.25
residents with a (-0.35) (0.25) (--0.66)
college degee)
,/*(Percent of 2,41 -3.33 | .79
Dwellings that are (0.43) (-0.52) (0.58)
owner-occupied)
,/*(Percent of 2.83 3.03 3.21*
population that is (0.99) (0.93) (1.s0)
White)

-0.26 -0.30 0.23
G1.04) (-1.23) (1.07)
262.48 282.65 169.60

l .16 0.35r* 0.20
(r.0r)  Q,47) (1,0e)

2.38.* 0.1I 0.07
(2.26) (0.88) (0,44)

3.12 - l . l0t*  _1.54.*
(0.91) (-2.15) (-2.53)

0.69 1.76** 2.46+1
(0.20) (3.62) (4.26\

-1.03 -0.28 -0.19
c0.58) G1.32) G0.6e)

-0.38 0.05 -0.21
(-1.56) (0.23) C0.8e)
187.05 133.17 96.61x2

Notes: t-ratios are in parer(hesis,
* indicatcs significancr at tlle 0. l0 Icvel
** indioates significsnc€ at the 0.05 level.

CONCLUSION

This chapter analyses the geographical pattern of land-use regulation and
permitting policies which are adopted independently by local governments
and made by local governments about the kinds ofreviews required to obtain
permits for new residential construction. We also analyse decisions about the
reviews required by local governments for a change in zoning. Beyond these,
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we analyse the number and type of development caps enacted by local
govemments as well as the lot-size restrictions enacted. Finally, we analyse
consfiuction of single-family and all housing.

Our analysis documents the high degree of similarity among these
regulations over space. Maps suggest that cities that adopt more r€strictive
regulations tend to be close to other cities that have adopted similar policies.
More precise measues conltrm that regulations are spalially autocorrelated
and that these correlations are highly statistically significant. Measures of the
demographic characterislics of cities, presumably the determinants of local
regulatory policy, are highly corelated over space as well. In our quantilative
analysis, we seek to determine whether the observed autocorrelation of cities'
decisions regardhg land-use regulation across space represents strategic
interaction or whether it arises simply from the strong demographic similarity
of neighbouring cities.

Previous research based on SAR models has found that the number of
grofih control ordinances in a city is positively influenced by the number of
growth coffiol ordinances in its neighbowing cities. We present analogous
tests, clarirying the definition of neighbouring cities and expanding the
analysis to several regulatory categories: reviews needed for project and
zoning change approval, development caps and density restrictions. We frnd
that for some categories (project and zoning change approvals or reviews),
there is no significant impact of a spatial lag term, for others (development
caps) there is a positive impact, and still others (density restrictions), there is
a negative impact. It is tempting to interpret the results of these models as
evidence ofrecognition or interaction between cities' regulatory policy.

However, the interpretation of these fi:rdings based on SAR models is
confounded by the strong spatial autocorrelation of the demographic
characteristics ofcities. We test explicitly for the possibility that the observed
impacts of regulatory decisions by a city's neighbours are spurious, arising
from demographic similarity of cities across space. We thus estimate
statistical models (spatial Dubin models) that confiol for the demographic
characteristics of neighbouring cities. The impact of neighbouring cities'
regulatory decisions is never statistically signiflrcant when controlling for
their demographic characteristics. These models do not disprove interaction
or recognition of regulatory decisions by neighbouring cities, but they
provide no evidence of any form of interaction. These results also provide a
simple alternative explanation for the so-called strategic interaction of local
regulation describe elsewhere.

The analysis suggests several directions for empirical research on the
spatial aspects of land-use regulation. First, it would be useful to compar€
results from similar models in different metropolitan areas in order to
understand the importance of region-specific factors on the distribution of
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regulatory decisions across space. Second, a method for incorporating the
influence of county level land-use regulation of unincorporated areas is
[ecessary to complete the understanding of local land-use regulation over
space in metropolitan areas. Finally, it seems that cross-sectional analysis
will not be sufficient to show evidence of interaction, and it is necessary to
investigate explicitly the dynamics ofregulation and regulatory interaction.

NOTES

L In the t€rminology of Gyourko, Mayer and Sinai (2006), San Frar|oisco is $e prototypical
'sup€.star city', chatacte.ized by higl housing pricas, Iand scaroity and the in-migation ot
high-incomc fsmilies.

2. For det iled informalion on the methodology, see Calfee €t al. (2007).
3. one city, Br€ntwood, grantad five tim€s the number ofr€sidential building permits bgtween

1990 a.d 2006 thar it had dw€llings in 1990. This was four times rnore than the next highest
city. We exolude it from the analysis rcported below.

4. Io sn earliff paper on the house pricc impacts of land-use regulstion that used lhe sarne
survey dat4 suoh 8n index was constucted, the Berkeley lrnd Use Regulation Index
(QuiSley €t al. 2008). However, it was subsequently demonstrated that sub-indexes of
different categories oi regulation were preferablo as measwes of regulatory strictness.

5. Se€ Bnsington and Hite (2005) for a clear exposition of the spatial Durbin model alld an
applic.tion to housing markots.
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2 . Intra-urban mobility and changing
densitv functions in Tel Aviv.
r995-2006

Daniel Felsenstein and Shlomie Hazam

INTRODUCTION

While the impact of the CBD in the modem metopolis is rather different
ftom that posited in the classic Alonso-Mills-Muth (AMM) models of urban
structure and polycenticity has become a fact of life in many large urban
areas, the measurement of this dispersal is still predicated on the existence of
an urban focal point. The focal point is important because the €stimation of
change in house prices or.urban densities with distance needs to be measured
in relation to an existi.ng condition which is invariably the CBD. Even in the
presence of sub-centres, many studies have replicated the simple monocenfiic
distance decay function ofabout 8 percent per mile for house prices (Glaeser
and Kahn 2001), 12-16 percent for employrnent deconcentration (Macauley
1985; Glaeser and Kahn 2001) and a similar figure for population (McDonald
and Bowman 1976). This surprising consistency illus$ates the robustness of
the density function as a tool for describing urban development.

Obviously the complex intra-mobility patterns of the modern metropolis
serve to und€rmine some of lhe simplicities ofthe monocentric assumptions.
While some authors extend the monocentric model to include secondary
centres of employm€nt or housing (Henderson and Mitra i994), the distance
decay relationship will necessarily be flatter. However, the basic underlyhg
utility finction that implies a spatial equilibrium h the trade-off between
central location and housing/transportation costs will still hold irrespective of
\.vhether urban form is mono or polycentric. Metropolitan development is
simply an extension in scale and scope of polycentric development. This
study tests wbether increasing metropolitanization impacts on the density
functions of the metropolitan core area. Ostensibly, increasing the scale of


