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ABSTRACT 

Traditional explanations of suburbanization in the United States focus on spatial 

mobiHty, consumer demand, federal policies, and deteriorating quality of life in central 

cities. Other, more recent, explanations associate suburbanization with market failures. 

These two paths of explanation, however, fail to acknowledge the role of growth control 

and management as factors fueling the outward extension of metropolitan regions. 

Growth control and management emerged in the 1970s as a way of tackling the costs of 

suburbanization, but they were not applied consistently across metropolitan regions. 

Instead, their use was determined locally in most cases, which led to a patch-work pattern 

of growth control in metropolitan regions. This pattern, in turn, fueled "spillovers," where 

the imposition of growth control measures in suburban communities led homebuilders 

and residents to seek other suburban communities with no, or less stringent, growth 

controls. Although several scholars acknowledge the presence of spillovers, few have 

studied them directly. 

This dissertation investigates the spillovers generated by the price effects of local 

growth controls, as a mechanism underlying U.S. suburbanization. Using spatial 

econometric modeling as well as statistical and GIS map-based analyses, the dissertation 

targets the State of California and, specifically, the state's major metropolitan regions -

Los Angeles and San Francisco - from the mid-1970s to the early 1990s. 

First, the study analyzes the price effects of growth controls in California, focusing 

on their impacts on local housing construction. The analysis finds that restrictive 
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residential zoning, as a control suppressing permitted residential densities, has the effect 

of restricting housing construction. However, in contrast to expectation, urban growth 

boundaries accommodate homebuilding rather than constraining it, and population 

growth or housing permit caps and adequate public facility ordinances have no significant 

effects. Second, the study develops an index of spillovers, and categorizes localities of 

California as spillover origins or destinations with the index values. The index is based 

on a quasi-experimental approach that uses a temporal control and a model of local 

homebuilding. Third, I discuss the outward progression of spillovers given diffusion of 

growth controls in the politically fragmented metropolitan regions of California. For this, 

my dissertation explores the spatial distribution of spillover origins and destinations and 

investigates the relationship to local growth controls, especially at the metropolitan scale. 

The discussion provides a likely picture of suburbanization: in metropolitan regions 

growth controls spread to produce clusters of spillover origins at core areas, and this 

diffusion promotes spillovers to progress beyond the clusters towards outlying areas, 

thereby reinforcing suburbanization. 
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1 INTRODUCTION 

It is widely acknowledged that the 20*^^ century was a period of sustained 

urbanization for the United States. Much of this urbanization was fueled by 

industrialization and immigration near the turn of the last century. The use of machines 

and the flood of immigrant labor transformed America and gave rise to the "Industrial 

City." By World War I, the nation was well on its way to becoming an urban-based 

society. 

From World War I through the Great Depression and then World War II, the legacy 

of American urbanization is well known, as suburbanization became the dominant mode 

of urban growth and development. While suburbanization appeared much earlier in 

American urban history (by the Civil War, Chicago already had over 100 suburbs), our 

understanding of the contemporary American city hinges on suburbanization. This focus 

has led to a vast literature that describes, explains, and analyzes suburbanization since the 

1950s. 

This dissertation revisits suburbanization in the United States with the aim of 

exploring a process-based explanation that supplements traditional explanations of 

suburbanization. I examine the extent to which political fragmentation at the metropolitan 

scale, and growth controls and/or growth management have contributed to 

suburbanization since the 1970s. I look at the way that growth controls - given 

fragmentation - produce "spillovers" and whether spillovers have been a principal force 

(process) fueling suburbanization - and exurbanization - in recent years. While the role 

of spillovers has received some attention recently, few have launched comprehensive 
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analyses of its impact on the contemporary urban landscape. My dissertation responds to 

this deficiency. I develop the motivation and rationale for this research below. 

1.1 Motivation and Rationale 

Traditional explanations of post-war suburbanization in the United States are based 

on natural evolution and flight-from-blight rationales (Mieszkowski and Mills 1993). 

These two explanations typically hinge suburbanization on causal factors such as spatial 

mobility, the demand for single-family housing given rising income, federal policies 

(e.g., taxation and highway construction), and central city decline. 

The traditional explanations are based on factors that fueled suburbanization during 

the 1950s and the 1960s. During this period the benefits of suburban growth - increased 

tax revenues and investment in public services and infrastructure - were prevalent and 

emphasized by many suburban jurisdictions (Dubin et al. 1992). For this reason, these 

explanations do not account for the costs arising from suburbanization. 

Since the 1970s, many suburban localities implemented growth control and 

management - large minimum-lot zoning, population growth or housing permit caps, 

adequate public facility ordinances, urban growth boundaries or service limit lines, and 

development impact fees - in order to combat the environmental, social, and economic 

costs arising from rapid growth (Dowall 1979). Such was the case in Ramapo, New York 

and Petaluma, California, where growth controls were enforced. These suburban 

localities applied growth control or management to minimize costs arising from rapid 

population growth and associated housing construction. 
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Given this context, it becomes clear that the use of growth control or management 

tools may have altered the complexion of America's suburbs by regulating residential 

relocation to suburbs. Equally important, spillovers caused by growth controls may well 

have affected suburbanization. Spillovers are the spatial shifts of population growth and 

associated housing construction to adjoining localities having no or fewer growth 

controls. 

Considering that political fragmentation is standard in metropolitan regions of the 

United States, spillovers produced by local growth control or management may well be a 

process underlying suburbanization. Because of political fragmentation, each locality has 

the autonomous authority to implement growth controls. When making their policy 

decisions, localities do not have to consider the regional (i.e., extra-jurisdictional) 

impacts of such controls. Accordingly, since the 1970s, political fragmentation has 

enabled the spread of growth controls among spatially proximate localities, and across 

metropolitan regions. Such an environment of spatially fragmented and uncoordinated 

growth policies has allowed spillovers to progress from suburb to suburb and, eventually, 

to reach the metropolitan fringe. This spatial process potentially accounts for 

suburbanization since the 1970s. 

Despite the prominent role that spillovers may have played in shaping 

suburbanization in the United States, few studies focus directly on them (see Dowall 

1984; Elliot 1981; Schwartz et al. 1981; Landis 1986; Lillydahl and Singell 1987; 

Janczyk and Constance 1980; Pendall 1999; Razin and Rosentraub 2000; Pollakowski 

and Wachter 1990; Levine 1999; Shen 1996). This study focuses on the spillovers 
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generated by the price effects of local growth controls on housing markets, given political 

fragmentation, in U.S. metropolitan regions. In so doing, the study contributes to the 

explanation of U.S. suburbanization. 

Specifically, first, I analyze the price effects of growth controls, especially the 

impacts of the controls on the amount of local homebuilding in a cross-sectional manner. 

This cross-sectional analysis also encompasses growth controls of neighboring 

jurisdictions and potential spatial effects or dependence, by using spatial econometric 

models. The analysis differentiates among various types of growth controls with respect 

to their effects on housing construction. More significantly, this cross-sectional approach 

may well trace spillovers (involved in the price effects of growth controls) across an 

entire region, such as a state or metropolitan region. 

Second, my dissertation looks at the process of spillovers at the local scale. 

Specifically, the dissertation develops an index that traces spillovers away from or 

towards each locality. The index employs a quasi-experimental approach that builds on a 

model of local homebuilding for a control time period. Based on every locality's spillover 

index value, I categorize local jurisdictions as spillover origins or destinations. 

Third, this dissertation investigates the outward progression of spillovers given the 

diffusion of growth controls. Specifically, based on the categorization, I examine the 

spatial distribution of spillover origins and destinations. As well, I analyze the 

relationship between the spatial distribution and local growth controls at the metropolitan 

scale. 
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1.2 Research Objectives 

The discussion above describes in general terms what the dissertation seeks to 

accomplish. More formally, the specific objectives of the research are to: 

(1) analyze empirically the effects of growth controls on the quantity of housing 

construction in localities comprising a metropolitan region; 

(2) develop an index of spillovers for each locality by using a quasi-experimental 

approach based on a control period and an empirical model of homebuilding in 

order to categorize local jurisdictions as spillover origins or destinations, and; 

(3) investigate the outward progression of spillovers given the diffusion of growth 

controls in a politically fragmented metropolitan context. I look at: 

a. the spatial distribution of spillover origins and destinations at the 

metropolitan scale, and; 

b. the relationship between the spatial distribution of spillover origins and 

destinations and local growth controls in metropolitan regions. 

The empirical analysis targets the State of California because it has a long-standing 

tradition of allowing local jurisdictions to implement growth controls in the absence of 

state-level coordination. This political fragmentation holds, especially for such 

metropolitan regions as Los Angeles and San Francisco. I use secondary data such as the 

1988 survey of growth controls and Census data of building permits, housing, and 

population for the empirical exercise. The data cover the period of the mid-1970s to the 

early 1990s. 
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1.3 Definitions 

This dissertation uses several terms and concepts that require definition. I provide 

these below. 

1.3.1 Locality and Growth Control or Management 

To begin with, a locality refers to a political entity that has autonomous regulatory 

authority over land uses. Localities include cities, villages, towns, and counties (i.e., 

unincorporated areas). In other words, localities may be considered jurisdictions 

embodying political firagmentation. In this study, 1 use localities and jurisdictions 

interchangeably. 

Second, it is important to define growth control or management tools. In this 

dissertation, local growth control or management measures are confined to those applied 

to housing construction and residential location. The measures are defined as: 1) 

population growth or housing permit caps; 2) urban growth boundaries; 3) adequate 

public facility ordinances and; 4) restrictive residential zoning' like large minimum-lot 

requirement. Actually, growth control is different from growth management. While the 

latter accommodates growth in an environmentally sound and fiscally effective manner 

(Nelson et al. 2002), the former freezes growth (Landis 1992). However, both have the 

common goal of minimizing growth-induced costs. Additionally, the cumulative effects 

' For information on growth controls, this dissertation relies on Glickfeld and Levine (1992) who provide 
the results of the 1988 California-wide survey of local growth controls. Glickfeld and Levine (1992, 14) 
regard "required voter approval or council supermajority authorization for increased residential density" as 
growth control tools. This study considers these two tools belonging to restrictive residential zoning. 
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of some growth management tools can be similar to the growth-limiting effects of growth 

controls (Landis 1992). Therefore, this dissertation uses growth management and growth 

control interchangeably. Table 1 shows the definitions of growth controls that the 

dissertation uses. Moreover, the table summarizes the financial impacts of growth 

controls on homebuilding. 

1.3.2 Spillovers 

Spillovers are the focus of this research and must be defined carefully. On the 

housing demand side, spillovers are defined as a type of residential location or choice. It 

involves households' desire to move to specific localities but their choices are shifted 

elsewhere because of tight housing markets produced by local growth controls. As a 

result, population growth that would otherwise occur in localities where growth controls 

are imposed is shifted to neighboring localities with no or fewer controls. On the housing 

supply side, spillovers can be defined as the shift of housing construction from 

jurisdictions where homebuilding is not profitable due to growth controls to neighboring 

jurisdictions where housing construction is lucrative. In particular, homebuilders move to 

adjoining jurisdictions where no or fewer growth controls are imposed and housing 

demand is shifted. Consequently, housing construction that would otherwise take place in 

growth-controlled localities moves to non-growth-controlled or less controlled 

jurisdictions. These two aspects of spillovers are interdependent and cannot be separated 

easily. The supply and demand aspects of spillovers are illustrated in Figure 1. 
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Table 1 Definition of Growth Controls and Their Financial Effects on Housing Construction 

Growth Control Definition Effect on Homebuilding 

Population Growth or 
Housing Permit Caps 

- To allow limited amount of 
population growth or housing 
construction each year 
- Population growth cap; to limit 
housing permits in accordance with 
target of population growth 
- Housing permit cap: to fix the 
amount of permits to a certain level 

- Rise in financial costs and imcertain 
business condition due to the 
regulatory delays until permits are 
granted 
- Limited amount of permit 
allocation inhibits efficient building 
operation. 

Urban Growth 
Boundaries 

- To confme housing construction 
within the boundaries 
- Not to provide any public 
infrastructure and services for housing 
construction outside the boundaries 

- Increase in land costs due to 
constrained land supply 

Adequate Public 
Facility Ordinances 

- To force residential developers or 
homebuilders to supply public 
infrastructure demanded by their 
residential subdivision and housing 
construction 
- Sometimes, enacted in combination 
with or in the form of subdivision 
regulations 

- Rise in financial costs and uncertain 
business condition generated by the 
regulatory delays until development 
approval is granted; 
- General increase in construction 
costs (or cost per housing unit) due to 
provision of infrastructure 

Restrictive 
Residential Zoning 

- To reduce permitted residential 
density, e.g., large minimum-lot 
requirement 
- To rezone residential land to less 
intense uses, i.e., downzoning 
- To require council supermajority or 
voter approval for increase in 
residential density 

- Constrain the amount of housing 
construction on given land available 
for residential use 
- Increase in construction costs (or 
cost per housing unit) caused by 
inhibited efficient building operation, 
constrained residential land supply, 
and regulatory delays 

Source: By the Author; Glickfeld and Levine (1992) 
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Homebuilder Side Household Side 

Spillovers 

Growth 
Controls 

Housing Price Inflation 

Improved Amenities 

Shifts of 
Prospective Households 

to Nearby Localities 

Shifts of Homebuilders 
t® Nearby Localities 

Rising Construction Costs 
- Regulatory Delays, 

Financial Cost Increase, 
Opportunity Costs, and 
Uncertain Business Condition 

- Land Cost Increase 
-I nefficient Building Operation 

• 

Market Reorientation 
to Upscale Housing 

Undersupply of 
Affordable Housing 

Figure 1 Conceptual Framework of Spillovers 

Source: By the Author 

1.4 Significance 

My dissertation is significant in several ways. First, the dissertation supplements 

studies of the price effects of growth controls on housing markets. The limitations of 

these studies include: 1) few region-or-nation-wide generalizable results; 2) little 

differentiation among various growth controls' price effects; 3) use of inadequate spatial 

units; 4) little consideration of spatial effects or spatial dependence and; 5) inadequacy of 

housing prices used as an indicator for price effects. However, my study differentiates 

individual effects of various growth controls on the supply of new housing in California 

jurisdictions, considers spatial effects, and produces region-wide generalizable results. 
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Second, by investigating spillovers, this dissertation complements existing 

explanations of suburbanization. Studies anchored in existing explanations assume that 

households seek their optimal locations where consumer utility is maximized by socio

economic features, fiscal characteristics, and amenities of jurisdictions. These 

explanations, however, fail to recognize the constraints of local growth controls on 

residential location. The investigation of spillovers confronts this oversight, and examines 

the extent to which spillovers produced by growth controls may have contributed to 

suburbanization during the past three decades. 

Third, the focus of this study on spillovers broadens horizons of existing studies of 

sprawl. Sprawl is the dominant mode of land development in the United States. This 

mode of development is usually characterized by low-density land uses, lack of mixed 

land uses, leapfrog development, and strip commercial development. However, the 

emphasis on these physical outcomes, which is shown in many existing studies of sprawl, 

masks important social, political, and economic processes that lead to sprawl. Such 

processes include the diffusion of growth controls among localities and the resulting 

progression of spillovers towards outlying areas of metropolitan regions. 

1.5 Summary of Contents 

The dissertation consists of six chapters. Following this introductory chapter, 

Chapter 2 provides a discussion of suburbanization in the United States. The chapter 

focuses on explanations of suburbanization (or sprawl) and attempt to clarify their main 

features. I emphasize that spillovers generated by local growth controls can explain more 
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persuasively suburbanization during the past three decades. Chapter 3 summarizes the 

literature on spillovers, focusing on limitations. In Chapter 4,1 discuss the study area, 

research methods, and data used for the empirical analyses. Chapter 5 presents and 

discusses results gained from empirical analyses. This discussion answers the research 

questions presented above. Specifically, the chapter investigates the effects of growth 

controls on housing construction and spillovers across California, deals with spillovers at 

the level of a locality, and analyzes the spatial distribution of spillover origins and 

destinations and its relationship to growth controls. Chapter 6 concludes by revisiting the 

research results of this dissertation, and presenting implications of the results and 

limitations of this study. 
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2 BACKGROUND: SUBURBANIZATION 

In this chapter, I review explanations of U.S. suburbanization: 1) natural evolution 

and flight-from-blight explanations; 2) market failures and; 3) spillovers generated by 

local growth controls. The first category is equivalent to the traditional explanation of 

suburbanization and holds principally for suburbanization during the 1950s and the 

1960s. The discussion of market failures targets the environmental, economic, and social 

justice-related problems that suburbanization produces. The third explanation concerns 

suburbanization since the 1970s when local growth controls began to spread and take 

effect. The use of growth controls has been supported and complicated by political 

fragmentation in metropolitan regions. The following discussion summarizes the 

principal features of each explanation and describes its limitations. 

2.1 Natural Evolution and Flight from Blight 

Post-war suburbanization has traditionally been explained by natural evolution and 

flight-from-blight theories (Mieszkowski and Mills 1993). According to natural evolution 

theory, transportation innovations, the preference for single-family detached housing 

(Gordon and Richardson 1997; Ewing 1997; Peiser 2001), and rising income fueled 

middle-class suburban migration. In addition, natural evolution theory emphasizes such 

institutional factors as government expenditures for highway construction, favorable 

mortgage policies, red-lining, and subsidization of motorists (Kunstler 1993; Peiser 2001; 

Persky and Kurban, 2001; Rusk 2000). Moreover, Kunstler (1993) suggests that mass-

production of suburban housing and the resulting reduction in housing prices enabled 
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blue-collar workers and young married couples to join the suburbanization craze. Given 

the exodus of people to the suburbs, it is not surprising that commercial and related 

businesses followed suit. 

In short, factors emphasized in the natural evolution rationale fueled post-war 

suburbanization by strengthening demand for suburban single-family housing and 

enabling low-cost ownership and occupation of single-family housing in suburbs. 

Flight-from-blight theory underscores white flight to suburbs, which resulted from 

the in-migration of ethnic minorities and low-income populations into central cities and 

was aggravated by the cumulative decline of central cities. The increasing number of 

minorities and low-income populations in central cities after World War II deepened the 

tax burden of the white middle-class, heightened social problems, and aggravated ethnic 

tensions (Mieszkowski and Mills, 1993). These blighted central cities prompted the white 

middle-class to flee to suburbs. According to Frey (1979), the flood of minorities into 

central cities (especially black migration from the rural South to cities of Midwest shortly 

after World War II) and the resulting white flight to suburbs were widespread during the 

1950s. 

Such white flight to suburbs led to the deterioration of economic, fiscal, and 

environmental conditions of central cities. In turn, the decline of central cities accelerated 

white flight to suburbs. This interdependent relationship solidified the cumulative decline 

of central cities. Given this relationship, white flight in the 1960s was primarily attributed 

to the cumulative decline of central cities, rather than to the in-migration of ethnic 
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minorities into central cities (Frey 1979).^ The decline means that the qualities of public 

services and infrastructure were lowered and neighborhood amenities for the middle-class 

who were mainly homeowners deteriorated. Homeowners tend to be sensitive to negative 

changes in neighborhoods that threaten their housing values (Fischel 2001). In addition, 

the cumulative central city decline forced homeowners to bear increasing tax burdens -

property taxes, and sometimes, income taxes - by undermining the tax revenue bases. 

Given this, flight from blight by the white middle-class continued across the country. 

Natural evolution and flight-from-blight explanations are not mutually exclusive. 

Rather, they are interconnected and interdependent. Without factors emphasized in the 

natural evolution explanation, the middle-class would not have left for the suburbs even 

amid the decline of central cities. Equally, under the condition of declining central cities, 

factors involved with natural evolution theory strongly enticed people to the suburbs. 

However, these explanations do not deal with how the middle-class demand for 

suburban housing has been supplied by developers and homebuilders. The explanations 

seem to assume that housing was automatically supplied to such demand by the housing 

construction sector. However, the supply of new housing is realistically circumscribed by 

land use regulations and growth controls enacted by local governments. In this respect, 

natural evolution and flight-from-blight explanations do not fully recognize the 

^ According to Frey (1979), the inflow of ethnic minorities into central cities slowed in the 1960s. 

"* Once the middle-class relocated to suburbs, they pursued the formation of their own communities for 
social homogeneity and, thereby, protected housing values and enabled relative freedom from heavy tax 
burdens (Richmond 2000). To maintain community character and low tax burdens, the middle-class 
enacted exclusionary and fiscal zoning, and such zoning aggravated sprawl at the suburban fringe 
(Brueckner 2000; Brueckner 2001). 
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influences of local land use regulations, especially growth controls, on housing 

construction and associated residential location in suburbs. 

2.2 Sprawl and Market Failures 

Some studies emphasize market failures as factors fueling suburbanization (Ewing 

1994; Ewing 1997; Brueckner 2000; Brueckner 2001). These studies prefer to use the 

term "sprawl" rather than suburbanization. They describe sprawl as a problem prevalent 

in metropolitan America and pursue policies that can overcome sprawl and its induced 

problems. This implies that such studies consider suburbanization as more an urban 

pathological phenomenon than a type of urbanization. Clearly, the studies deal with 

causal factors presented in natural evolution and flight-from-blight explanations, with 

respect to factors for sprawl. However, they emphasize that market failures reinforce 

sprawl (Brueckner 2001). 

According to Brueckner (2001), market failures are associated with sprawl in the 

following ways. First, in the land market the social value of open space, inherent in 

agricultural or rural land, is not fully reflected. Due to this market failure, rural land that 

could otherwise serve as open space functions as inexpensive land for homebuilders and 

developers. As a result, such land has been converted to urban land uses easily. Second, 

the social costs of automobiles, such as air pollution and traffic congestion, are 

externalized. As Ewing (1997) points out, this externality is a subsidy to motorists. In 

other words, suburban residents commuting to central cities or other suburbs are not fully 

responsible for the externalized social costs of driving. Third, the cost of public 
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infrastructure that new development generates is not fliily paid for by developers and new 

residents under the average-cost-based system for financing public infrastructure. 

In short, overlooking the social value of agricultural or rural land as well as average-

cost-based financing of public infrastructure lowers development costs in suburbs. In 

addition to these two failures, the externalized social cost of automobiles help making 

suburban living artificially inexpensive. For these reasons, market failures promote 

sprawl. 

However, according to Downs (1999), the belief that sprawl is reinforced by market 

failures is based on the unrealistic assumption that land markets operate freely. Rather, 

land markets are controlled by locally enacted zoning and land use regulations. In this 

respect. Downs points out the limitation inherent in the market-failure-based explanation 

of sprawl. The explanation fails to consider the constraints of growth controls on housing 

construction in, and residential relocation to, suburban jurisdictions."* 

Figure 2 summarizes natural evolution, flight-from-blight, and market-failure 

explanations of suburbanization or sprawl. 

* Edwin Mills says "[t]he government action that most promotes excessive suburbanization is local 
government land use controls"(Brueckner 2001, 91). 
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Figure 2 Natural Evolution, Flight-from-Blight, and Market-Failure Explanations 

Source: By the Author 

2.3 Spillovers, Growth Controls, and Political Fragmentation 

Locally implemented growth controls, given political fragmentation, explain 

suburbanization in metropolitan regions. The explanation based on local growth controls 

and political fragmentation highlights the spillovers generated by growth controls, the 

resulting diffusion of such controls, and the outward progression of spillovers in 

politically fragmented metropolitan regions. Considering that suburbanization is realized 

by residential and business location and such location choices are regulated by land use 

controls, this explanation can be quite persuasive. In this respect, my approach 

supplements existing explanations of subxirbanization and enriches understanding of 
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suburbanization. But, it has not received much attention. In what follows, I argue that this 

new approach is a robust explanation of suburbanization since the 1970s when growth 

controls began to spread across U.S. metropolitan regions. 

In the United States, each locality has autonomous and independent authority to 

regulate land uses and development - political fragmentation. This political setting is 

based on the home rule tradition as well as the delegation of police powers to local 

jurisdictions by state governments. Via the regulatory authority, every locality may either 

promote or control population growth and land development. Especially since the 1970s, 

many local governments have shown a strong tendency or desire to manage or control 

growth. 

A rationale for these actions of local governments is presented by Tiebout (1956). 

He discusses the relationship between residential choice behaviors and the public service 

expenditures and related tax burdens of localities. Tiebout (1956, 418) argues that 

residents as consumers choose and move to ".. .communities which best satisfy their 

preference patterns for public goods..under the condition of political fragmentation. 

The fragmentation reflects public service-expenditure patterns and related tax burdens, 

which vary across localities. Given such residential choice behavior, in order to maintain 

or achieve stable tax revenue bases, each local government tries to provide, at the 

minimum average cost, i.e., the lowest tax burden possible, an array of public 

infrastructure and services demanded by its current or prospective residents. According to 

Tiebout (1956, 419), such effort by each locality is embodied in its pursuit of the 

. .optimum community size." The optimum community size is the population that 



financially enables the provision of public services and infrastracture at the minimum 

average cost. To maintain or attain the optimum community size, each local government 

enacts either anti-growth land use regulations, or pro-growth land use policies. This 

governmental action is based on political fragmentation where each locality can impose 

regulation, independent of the actions of other localities in a metropolitan region. 

Following Tiebout's discussion, local governments' fiscal interests can be viewed as 

a basis for the enactment of growth controls in the past three decades. Moreover, the 

discussion provides a motivation for the fiscalization of land use regulations that is 

embodied in growth controls. 

Suburban localities have enforced growth controls to minimize or alleviate costs 

arising from rapid growth, as shown in growth control tools implemented by the Town of 

Ramapo in 1969 (Levy 2000) and the City of Petaluma in 1972 (Schwartz et al. 1981; 

Schwartz et al. 1984). "No or slow growth" movements since the 1970s have fueled such 

growth control efforts (Lillydahl and Singell 1987).^ The growth-induced costs include 

such negative externalities as traffic congestion and air pollution, rising tax burdens for 

the provision of public infrastructure, and the loss of farmland or open space. 

' Traditionally, growth means more tax revenues for localities, although growth also increases the cost of 
public service and infrastructure provision (Dubin et al. 1992). For this reason, localities welcome new 
development, as long as tax revenues from the development at least balance costs of additional public 
services or infrastructure without raising tax rates or deteriorating the quality of life (Thorson 1997). 
However, when the marginal cost of public service and infrastructure provision increase beyond the 
balance point, the provision of services and infrastructure to new development increases tax burdens for 
existing residents because of average-cost-based financing. Furthermore, new development structurally 
produces environmental degradation like the depletion of open space and air pollution. Since the 1970s, 
many suburban localities across the United States have endured rapid population growth. As a result, the 
localities have enforced growth controls without prioritizing pro-growth policies (Dubin et al. 1992). 
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Moreover, the implementation of growth controls by suburban jurisdictions 

conforms to the property and fiscal interests of homeowners (Fischel 2001; Downs 1992). 

According to Fischel, suburban homeowners cannot insure their investments - housing 

values - against negative neighborhood changes. Given this situation, homeowners are 

very sensitive to negative changes in their neighborhood amenities. The neighborhood 

amenities encompass social homogeneity, associated ambiance, and quality of public 

services (e.g., school and police) and infrastructure (e.g., parks and streets). They 

substantially influence housing values. Hence, homeowners tend to actively participate in 

local politics in order to protect housing values from possible negative neighborhood 

changes (e.g., noise, crowded schools, crime, traffic congestion, loss of open space) 

arising from urban growth. At the same time, homeowners try to avoid tax burdens 

increased by urban growth which requires additional provision of public services and 

infrastructure. 

Local governments must respond to such property and fiscal interests of homeowners 

because property taxes are the single largest source of fiscal resources (Fischel 2001) and 

homeowners are ". ..a majority of local voters..." in suburban jurisdictions (Downs 1992, 

422). Accordingly, governments enforce growth controls to restrict future housing 

construction and in-migration of prospective households, especially low-income or 

minority populations. Thus, the government protects or enhances neighborhood amenities 

and housing values while keeping tax burdens at the lowest level possible. In this respect, 

it should be noted that growth controls can have exclusionary effects in local housing 
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markets.® Stated otherwise, suburban jurisdictions where homeowners are socially and 

politically dominant enact growth controls to protect the property and fiscal interests of 

homeowners "under the banner of improved environmental quality" (Schwartz et al. 

1981, 303; Frieden 1979; Gyourko 1991; Bates and Santerre 1994).^ In the process, 

suburban homeowners and governments make the most of political fragmentation without 

regard for region-wide coordination. 

More importantly, growth controls spread among suburban jurisdictions within 

metropolitan regions. Clearly, diffusion of such controls is based on each local 

government's autonomous authority over land uses - political fragmentation. As well, 

diffusion has been reinforced by the interdependence of policy decisions among 

neighboring jurisdictions. 

According to Brueckner (1998), the spread of local growth controls is the result of 

certain localities' responses to nearby localities' implementation of growth controls. This 

indicates interdependence of policy decisions among spatially proximate jurisdictions. In 

reality, one locality's enactment of growth controls tightens its local housing market. 

® According to Harrison (1982), given political fragmentation, local governments enact large minimum-lot 
zoning of exclusionary nature in order to lower tax burdens of existing middle-or-upper-class residents and 
to maintain or enhance quality of public infrastructure and services. Such enactment of restrictive and 
exclusionary zoning leads to the fiscal disparity and the resulting inequality in public services among 
localities as well as residential segregation within a metropolitan region. 

' In this regard, the socio-economic and demographic characteristics of residents in a locality influence 
enforcement of growth controls by the locality. Dubin et al. (1992) shows the relation of residents' 
preference for growth control to their socio-economic status (homeownership and ethnicity), political 
stance (liberal vs. conservative), and perceived quality of life (traffic experience). The study uses voting 
results on the propositions of growth control measures in San Diego County and the City of San Diego in 
1988. Brueckner (1998) deals with the effects of localities' socio-economic characteristics on their growth 
control efforts, which can be made as a response to the enactment of growth controls in nearby 
jurisdictions. Dowall (1982) classifies growth-controlled localities by their fiscal, social, and environmental 
characteristics and confironting pressures through cluster analysis. 
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Such tightening will induce spillovers of housing construction or population growth, 

which would otherwise occur in the locality, toward nearby non-growth-controlled 

localities. Due to the spillovers, neighboring localities will face not only disequilibria in 

housing markets but also deteriorating amenities and resulting increases in fiscal burdens 

for the additional provision of public goods. In this situation, neighboring jurisdictions 

choose to enforce growth controls in order to enhance amenities and lessen fiscal 

burdens. As a result, the spread of growth controls among localities is continuous. It is 

important to emphasize that political fragmentation is the basic condition allowing for 

this spatial interdependence of policy decisions and the ensuing diffusion of growth 

controls within a metropolitan region. 

Political fragmentation is a long-standing condition of America's metropolitan 

regions. As mentioned above, it allows localities to implement their own growth controls 

autonomously and such controls to spread among localities. Here, the problem is each 

locality's neglect of the regional or extra-local impacts of growth controls - spillovers 

produced by local growth controls. 

Growth controls enacted in a certain locality shift population growth or housing 

construction to neighboring localities. This is the process of spillovers. In other words, 

prospective residents are 'priced out' and homebuilders are forced out by inflated housing 

prices and rising construction costs, respectively, due to local growth controls (see Figure 

1). These residents have to seek acceptable housing substitutes in adjacent localities, even 

though they have to pay more commuting costs (Fulton 1993; Ackerman 1999). As well, 
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such homebuilders have to move homebuilding to other uncontrolled or less controlled 

localities to pursue favorable business conditions. 

The process of spillovers proceeds over space and time via the diffusion of growth 

controls. As growth controls enacted by one jurisdiction force prospective residents to 

seek housing substitutes in alternative localities (i.e., spillovers occur), these locahties in 

turn impose growth controls, causing additional spillovers to occur. Given this, 

prospective residents are eventually forced to locate in outlying areas (Frieden 1979; 

Carruthers and Ulfarsson 2002; Shen 1996). Obviously, homebuilders responds quickly 

to the diffusion of growth controls by seeking localities in areas distant, but not isolated, 

from cores of metropolitan regions. According to Frieden (1979), the diffusion of local 

growth controls and the strong environmental movement within the San Francisco Bay 

Area during the 1970s forced homebuilders to move to the metropolitan fringe where 

growth controls were absent. He adds that at the fringe homebuilders tended to perform 

small-scale conventional developments in order to avoid possible opposition from local 

citizen groups. Frieden claims such small conventional developments prompted suburban 

sprawl because developments were scattered and prevented from supplying common 

space, community facilities, and mixed land uses. 

With the spread of growth controls across a politically fragmented metropolitan 

region, spillovers can progress toward the urban fringe and thereby reinforce ongoing 

suburbanization. In this sense, an investigation of spillovers enriches the understanding of 

suburbanization. The relationships between spillovers, local growth controls, political 
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fragmentation, and suburbanization is one prominent factor fueling suburbanization, 

especially since the 1970s. Figure 3 summarizes the relationships discussed so far. 

Price Effects 

Political Fragmentation Suburbanization 

Diffusion of 
Local Growth Controls 

Enactment of 
Local Growth Controls 

Progression of 
Spillovers toward 

Urban Fringe 

• Interdependence of Policy Decisions among Neighboring Jurisdictions 

Spillovers: 
Shifts of Population Growth 

and Housing Construction 

Rising Housing Construction Cost 
Constrained Supply of New Housing 
Improved Amenities 
Market Reorientation of Homebuilders 

• To Maintain Optimal Community Size 

- Tiebout Hypothesis, Fiscalization of Land Use Regulations 

• To Minimize Urban Growth-Induced Costs 

• To Protect Property and Fiscal Interests of Homeowners 

Figure 3 Relations between Spillovers, Local Growth Controls, Political Fragmentation, and Suburbanization 

Source: By the Author 
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3 STUDIES OF SPILLOVERS 

There are three avenues of research within the spillover-related literature. The first 

looks at the relationship between political fragmentation, local growth controls, and 

sprawl. The second examines the price effects of growth controls, and the third 

investigates the relationship between growth controls and spillovers. None of these three 

research paths specifically discusses the spillovers caused by local growth controls, given 

poHtical fragmentation, within metropolitan regions. In the first case, spillovers are not 

the primary issue. Instead, the focus is on whether pohtical fragmentation or growth 

controls can explain sprawl adequately. In the second case, spillovers are considered 

indirectly as an outcome of the price effects of local growth controls. However, the focus 

is not on spillovers. In the last case, the relationship between local growth controls and 

spillovers is dealt with directly. Yet, few studies undertake empirical indexing of 

spillovers. I discuss each research path in detail. 

3.1 Political Fragmentation, Growth Controls, and Sprawl 

Given political fragmentation, the spread of growth controls among localities can 

shift population growth and housing construction to the urban fringe or beyond. This 

progression of spillovers contributes to suburbanization. Nevertheless, spillovers do not 

receive much attention in the literature on the relationship between political 

Segmentation, growth controls, and sprawl. Spillovers are indirectly presented as a 

process contributing to sprawl. 
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Pendall (1999) incorporates both political fragmentation and local growth controls in 

his analysis of sprawl. However, he does not specifically deal with the issue of how, 

given fragmentation, local growth controls reinforce sprawl through the process of 

spillovers. Razin and Rosentraub (2000, 822) state, "[p]olitical fragmentation can lead to 

sprawl by inhibiting regionally coordinated planning and aggravating inter-locality 

competition for growth and related tax revenue base." They attempt to analyze this 

relationship by regressing a composite measure of sprawl on a measure of fragmentation 

via OLS. Their model, however, does not specify the process of spillovers as an 

underlying mechanism of sprawl in metropolitan America. 

Carruthers and Ulfarsson (2002) discuss the relationship between political 

fragmentation and sprawl. Using data for the period, 1982-1992, they develop a 

simultaneous equations model that relates political fragmentation to sprawl, controlling 

for other socio-economic variables. Carruthers and Ulfarsson suggest that local growth 

controls implemented for fiscal or exclusionary purposes lead to an uncoordinated shift of 

growth from one locality to adjoining localities and, finally, to the urban fringe. In this 

way, they assert that spillovers contribute to sprawl. However, their empirical model and 

the ensuing discussion do not specifically discuss spillovers or their relation to sprawl. 

3.2 Price Effects of Local Growth Controls 

Many studies consider how growth controls affect local housing markets, especially 

housing prices. These studies indirectly demonstrate that prospective (or current) 

residents are priced out of jurisdictions implementing growth controls and forced into 
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adjacent localities where growth controls are not imposed. In effect, these studies show 

that price effects of growth controls produce spillovers. Nonetheless, they do not 

investigate spillovers explicitly. Simply put, spillovers are not the primary focus of the 

studies that evaluate price effects. The price effects discussed by such studies are 

summarized below. 

First, growth controls raise the costs of housing construction and thereby inflate the 

prices of new housing (Dowall 1979; Dowall 1984; Elliot 1981; Schwartz et al. 1981; 

Landis 1986; Zom et al. 1986; Katz and Rosen 1987; Lillydahl and Singell 1987; Singell 

and Lillydahl 1990; Levine 1999; Mayer and Somerville 2000; Luger and Temkin 2000). 

As illustrated in Table 1 and Figure 1, local growth controls increase construction costs 

Q 
through: 1) regulatory delays and the resulting increase in financial costs, uncertainty in 

business conditions, and opportunity costs; 2) the rise in land costs because of 

constrained land supply and; 3) inefficiency in homebuilding operations due to inhibited 

economies of scale. 

Clearly, rising construction costs affect the housing market in other ways. When 

rising construction costs inflate the prices of new housing, this, in turn, increases the 

demand for existing housing. The shift in housing demand might pressure homebuilders 

to lower profit margins on new housing (Singell and Lillydahl 1990). However, from the 

" According to Mayer and Somerville (2000), regulatory delays can include 1) delays until (re)zoning or 
subdivision approval; 2) negotiation over provision of on-site and off-site infrastructure as well as over 
size, density, and form of proposed development projects and; 3) delays for obtaining building permits. 
These regulatory delays raise financial costs, and heighten uncertainty concerning the outcome and length 
of regulatory procedures, thereby obstructing new construction. Additionally, since such delays prevent 
homebuilders from flexibly adjusting themselves to changes in market condition, homebuilders can face 
opportunity costs from "missing the market"(Luger and Temkin 2000, 4). 



41 

long-term perspective, the rise in construction costs increases the prices of new housing 

because of the elasticity of new housing supply to increases in costs (Singell and 

Lillydahl 1990). 

To be sure, homebuilders can also seek high-density development to offset higher 

construction costs given growth controls (Dowall 1984; Philips and Goodstein 2000; 

Pendall 2000; Dawkins and Nelson 2002). This high-density development can moderate 

the rise in prices of new housing by spreading land or infrastructure costs over increased 

housing units. The densification strategy is feasible under urban growth boundaries or 

adequate public facility ordinances (APFOs), even though these two regulations 

financially influence homebuilding. Urban growth boundaries accommodate housing 

construction inside the boundaries, not outside the boundaries. APFOs do not constrain 

housing construction if homebuilders or residential developers provide sufficient 

infrastructure. However, in the case of urban growth boundaries, as developable land 

becomes depleted over time, land supply constraints and resulting land price inflation are 

aggravated. Under APFOs, the number of new housing units can be increased only within 

the capacity of public infrastructure supplied by residential developers or homebuilders. 

The housing units beyond the capacity are not approved by local governments unless the 

developers or homebuilders supply additional infrastructure. In these two cases, it is 

questionable how feasible the high-density development strategy is and whether the 

strategy can ultimately lessen the rising prices of new housing. Furthermore, 

homebuilders cannot increase new housing units through such densification in the case of 

housing permit caps or restrictive residential zoning (especially, large minimum-lot 
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requirement). The reason is that the total amount of new housing is fixed at a certain level 

or permitted residential densities are tightly suppressed by local governments. Given 

these limitations of a densification strategy, rising construction costs can result in the 

higher prices of new housing. 

Additionally, the diffusion of local growth controls within metropolitan regions can 

delay the spatial shift of housing demand that can mitigate housing price inflation. Such 

spatial shifts depend on how easily homebuyers can find housing substitutes in nearby 

localities (Katz and Rosen 1987; Zom et al. 1986; Singell and Lillydahl 1990). Amid the 

spread of growth controls, housing demand in growth-controlied localities cannot easily 

shift to neighbors because adjacent localities likely experience housing price inflation.^ 

Given this, the rise in housing construction costs can increase the price of new housing. 

Second, local growth controls constrain the supply of new housing'" (Dowall 1984; 

Nelson et al. 2002; Lillydahl and Singell 1987; Singell and Lillydahl 1990; Skidmore and 

Peddle 1998; Levine 1999). Since local growth controls increase housing construction 

costs and reduce profitability, many incumbent homebuilders are forced out of the market 

(Rosen and Katz 1981). As well, many homebuilders move to other localities to reduce 

costs (Levine 1999) because they are unable to bear financial burdens in growth-

' As Lillydahl and Singell (1987, 71) explain, "[i]n cities located in metropolitan areas where growth 
controls are largely absent, growth controls may have little or no effect on housing prices but they increase 
building activity in surrounding communities." This implies spillovers serve as a mechanism that stabilizes 
housing price inflation which local growth controls generate. However, as Elliott (1981) points out, in the 
case of metropolitan areas where growth controls are widespread, local growth controls may have 
considerable price effects. 

Local growth controls decrease the volume of new housing construction. However, new construction can 
also stimulate changes in the degree of stringency of local growth control measures. In other words, there is 
"endogeneity between new housing construction and land use regulations in localities" (Mayer and 
Somerville 2000, 654). 
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controlled jurisdictions. Moreover, in the case of housing permit caps, the control itself 

directly restricts the total amount of housing construction in a certain locality. Thus, after 

growth controls take effect in localities, the supply of new housing is constrained. This 

leads to housing price inflation. Such supply constraints of new housing are aggravated 

because local growth controls prevent homebuilders from adjusting to changes in housing 

markets (Frieden 1979; Frieden 1983). This is revealed by the low elasticity of new 

housing construction to housing price increase in growth-controlled localities (Mayer and 

Somerville 2000). For this reason, housing price inflation will not be mitigated. 

Third, local growth controls enhance neighborhood amenities by minimizing urban 

growth-induced costs - traffic congestion, crime, noise, air pollution, and loss of open 

space (Schwartz et al. 1981; Landis 1986; Lillydahl and Singell 1987; Singell and 

Lillydahl 1990; Skidmore and Peddle 1998; Levine 1999; Luger and Temkin 2000). 

Enhanced neighborhood amenities contribute to housing price inflation. This implies that 

growth controls conform to the property interests of homeowners. Furthermore, such 

enhanced neighborhood amenities produce additional housing demand from the middle-

or-upper-class (Schwartz et al. 1981), thereby fueling housing price increase. 

Fourth, the rise in construction costs by local growth controls makes homebuilders 

switch their target markets to the expensive or luxurious housing for high-income 

homebuyers (Dowall 1979; Dowall 1984; Landis 1986; Nelson et al. 2002; Pendall 

2000). Stated otherwise, homebuilders pursue market reorientation towards upper 

segments of housing markets to offset the rising cost per housing unit. In addition, growth 

controls discourage incumbent homebuilders from participating in housing markets by 
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increasing constraction costs. Concurrently, such controls function as barriers to market 

entry of new homebuilders (Dowall 1979). Given this, local housing markets can be 

monopolized by a small number of large-scale homebuilders (Rosen and Katz 1981; 

Frieden 1983; Dowall 1984; Landis 1986; Somerville 1999). In the case of a housing 

permit cap, any homebuilder to whom permits are granted can have monopolistic power 

(Frieden 1983). By using their monopolistic power, these homebuilders can control not 

only the price of new housing (Rosen and Katz 1981) but also characteristics of new 

housing units. Stated otherwise, the homebuilders can switch their target markets to high-

income homebuyers without intense competition. Such market reorientation negatively 

affects housing affordability (Dowall 1984). 

As shown above, when localities enact growth controls price effects are generated. It 

is clear that the price effects produce spillovers (see Figure 2), although many studies 

evaluating the price effects of growth controls overlook spillovers. On the housing 

demand side, inflated housing prices force prospective residents to look for housing in 

nearby jurisdictions. On the supply side, growth controls raise the costs of construction, 

thereby forcing homebuilders to seek out alternative localities where they face no or 

fewer controls and can profit from households looking for less expensive housing. 

3.3 Local Growth Controls and Spillovers 

A handful of studies consider growth controls and spillovers explicitly. For example, 

Schwartz et al. (1981) and Pollakowski and Wachter (1990) address spillovers from 

growth-controlled localities into non-controlled localities. However, both studies focus 
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only on the shift or spread of housing price inflation from one jurisdiction to another 

jurisdiction. They do not consider the changes in housing construction in growth-

controlled and non-controlled localities neighboring each other, which can reflect 

spillovers. This means these two studies inadequately capture each locality's spillovers. 

Levine (1999) deals with the effects of various growth control measures on the net 

change in housing stock in California's jurisdictions during the period, 1980-1990. 

Levine develops a model that regresses the number of housing units in 1990 on the 

number of housing units in 1980, population density in 1980, and local growth controls 

during the period 1979-1989. He finds that local growth controls have a negative effect 

on the net change in housing units. On the basis of the results, he suggests likely 

reductions or displacement of housing units across California as a whole. In other words, 

he does not empirically index or estimate spillovers away from or towards each locality. 

For this reason, Levine does not identify spillover origin and destination localities. 

Furthermore, his model does not encompass the effects of growth controls enacted by 

neighboring jurisdictions on the change in housing stock of each locality. An adjacent 

jurisdiction's growth controls are likely to generate spillovers towards each locality, and 

spillovers can contribute to positive change in housing stock of the locality. As well, the 

locality facing spillovers comes to enact growth controls in order to reduce costs induced 

by spillovers - interdependence of policy decisions among spatially proximate 

jurisdictions (Brueckner 1998). This spatial interdependence shows another way that 

neighboring jurisdictions' growth controls can affect the change in housing stock in the 

locality. However, these spatial processes are not encompassed in Levine's model. 
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Shen (1996) discusses the cumulative effects of local growth controls on spillovers 

in the politically fragmented San Francisco Bay region during the 1980s. He uses a quasi-

experimental approach based on a population distribution model. By using 1970-1980, 

when a relatively small number of jurisdictions had enacted growth controls, as a control 

period, Shen calculates each locality's deviation of its observed population from the 

projected population for 1990. The estimated deviation is based on the assumption that no 

additional local growth controls had been enforced in the 1980s. Using the deviation as a 

spillover index for each jurisdiction, Shen explores the spatial distribution of spillovers. 

Particularly, Shen's spatial autocorrelation analysis of the spillover index values reveals 

that growth controls implemented in spatially clustered middle-class suburbs likely 

engender the progression of spillovers towards clusters of distant and non-controlled 

locaHties amid the diffusion of controls. He adds that the spatial distribution of spillovers 

does not follow a concentric-ring pattern around the core of the San Francisco Bay 

region. In short, by exploring the spatial distribution of spillovers, Shen attempts to 

empirically discuss the relationship between sprawl and the spillovers growth controls 

produce. However, Shen excludes growth controls of neighboring jurisdictions from the 

regression models of his spillover index values on growth controls. Similar to Levine 

(1999), Shen's regression model does not consider the spatial processes involved in 

growth controls of neighboring jurisdictions. In addition, Shen's index of spillovers is of 

limited value in that spatial units do not coincide with the specific jurisdictions 

implementing growth controls. 
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3.4 Summary 

As discussed so far, in the three existing research paths spillovers are not a primary 

issue and are not discussed in detail. Moreover, although some studies attempt to 

empirically index spillovers for each locality and discuss the spatial pattern of spillover 

origins and destinations, estimation efforts are insufficient or discussions are not based on 

a full understanding of the spillovers as a spatial process involved in local growth 

controls. Figure 4 summarizes the limitations of existing research paths of spillovers. 

The limitations shown in studies of spillovers re-emphasize the research objectives 

of this dissertation. First, the dissertation analyzes individual effects of various growth 

controls on the amount of housing construction in local jurisdictions of California. Based 

on a spatial econometric setting, the analysis deals with growth controls of neighboring 

jurisdictions and associated spatial processes. From this, the dissertation seeks to present 

an empirical picture of spillovers across the study region as a whole. Second, the 

dissertation deals with the spillovers at the local level. I empirically index spillovers away 

from or towards each jurisdiction by employing a quasi-experimental approach based on 

a control period and a spatial econometric model of local homebuilding. Using spillover 

index values, I categorize jurisdictions as spillover origins or destinations. Third, based 

on the categorization, the dissertation explores the spatial distribution of spillover origins 

and destinations, focusing on two metropolitan regions - Los Angeles and San Francisco. 

This work then analyzes relations between growth controls and the spatial distribution. 
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This two-step procedure investigates the outward progression of spillovers amid the 

spread of growth controls. 

1: 

Pati3:; 
©wwti Cwitwite «•! Spiliwfis 

Focus on the relation between fragmentation, 

growth controls, and sprawl 

Spillovers; indirectly presented as a process 

contributing to sprawl, but not a primary issue 

Attention to spillovers produced by growth controls 

Inadequate empirical indexing of spillovers 

away from or towards each locality 

Little consideration of neighbors' growth controls 

Inadequate undeistanding of the spillovers 

as a spatial process involved in growth controls 

Focus on the price effects of growth controls 

Spillovers: indirectly considered as outcomes 

of the price effects that growth controls generate 

Lack of discussion of spillovers 

across an entire region or for each locaUty 

Figure 4 Limitations of Spillover Research 

Source: By the Author 
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4 METHODS AND DATA 

The preceding chapter discussed the existing studies of spillovers and emphasized 

the limitations of studies. This review positions the research objectives that guide the 

analysis. In this chapter, I show how the analysis will achieve the research objectives. 

Specifically, I discuss the study area, research methods, and data. Figure 5 displays the 

research objectives and methods of this dissertation. 

Research Objectives Research Methods 

• GIS Mapping/Analyses 

• Statistical Analyses 
- ANDY A, t-tcst 

Effects of Various Growth Controls 
on the Quantity of Housing Construction 
—* Spillovers across California 

• Cross-scctional Approach 

— Based on California Jurisdictions 

- Based on Spatial Econometric Model 

of Local Homebuilding 

Indexing of Spillovers for Each Jurisdiction 

Categorization of Jurisdictions as 
Spillover Origins or Destinations 

• Statistical Methods 

- Clustering, Moran Scatter Plot 

- Cross-Tabulation 

• Quasi-experimental Approach 

- Based on Control Time Period 

— Based on Spatial Econometric Model 

of Local Homebuilding 

without Growth Control Variables 

Outward Progression of Spillovers 
given the Spread of Growth Controls 
-» A Picture of Suburbanization 

1) Spatial Distribution of Spillover Origins 

and Destinations in Metropolitan Regions 

2) Relations between Growth Controls and 

Spatial Distribution of Spillovers 

Figure 5 Research Objectives and Methods 

Source: By the Author 
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4.1 Study Area 

The empirical analysis targets the State of California (see Figure 6) whose localities 

have been pioneers in creating growth control and management (Fulton 1993), focusing 

on two major metropolitan regions: Los Angeles and San Francisco (see Figures 7 and 8). 

There are several reasons for selecting California. 

300 Mites w 

Figure 6 Local Jurisdictions in California as of 1988 

Source: By the Author 
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Figure 7 Local Jurisdictions in the Los Angeles Metropolitan Region as of 1988 

Source: By the Author 

First, during the 1980s, local growth controls spread across the state, even though 

some localities adopted such measures in the 1970s (Glickfeld and Levine 1992; Levine 

1999; Ackerman 1999; see Figure 9). The diffusion of growth controls across California 

in the 1980s can be attributed to continuously accelerated population growth (see Figures 

10 and 11), expanding suburbanization, increasing concern about costs arising from 
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urban growth, and local fiscal resources constrained by Proposition 13^\Glickfeld and 

Levine 1992; Fulton 1993; Pincetl 1994; Levine 1999). 

50 

la 

50 100 Mites w 

N 

Figure 8 Local Jurisdictions in the San Francisco Metropolitan Region as of 1988 

Source: By the Author 

" Proposition 13 was an initiative passed in California in 1978. According to Fulton (1993), the initiative 
brought property tax assessment back to the level of 1975, permitted an annual increase in assessed value 
of only 2% (except in the case of a sale), and did not permit the property tax rate to exceed 1% per year 
without a two-thirds (i.e., super-majority) approval in the California state legislature. 



53 

£jt«c»<S Gfowir, Maasures 

•*#?' im-

Figure 9 Enactment of Growth Controls in California, 1967-1988 
Source: Glickfeld and Levine (1992, 5) 

Reprinted with the permission of the Lincoln Institute of Land Policy 

•S: 
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Figure 10 Population in California, 1860-1990 (Census Years) 

Source: Glickfeld and Levine (1992, 2) 

Reprinted with the permission of the Lincoln Institute of Land Policy 
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Figure 11 California's Annual Population Growth Rate, 1860s to 1980s 

Source: Glickfeld and Levine (1992, 3) 

Reprinted with the permission of the Lincoln Institute of Land Policy 

Second, political fragmentation, a critical condition for the enactment and diffusion 

of local growth controls, prevails across California. According to Glickfeld and Levine 

(1992, 82; 83), "[tjhere is no formal state-wide growth policy..and "[t]he state has 

deferred to the home rale tradition." In history, all attempts to establish statewide or 

regional-level growth management continually failed in the state (Pincetl 1994). 

According to Pincetl (1994,262), "[w]ith most policy questions facing COGs [Council of 

Governments], home rale ideology prevails, each jurisdiction jealously protecting its turf, 

and regional level consensus about the regulation of growth is elusive at best." Actually, 

the state government of California has required localities to adopt comprehensive plans 
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1 ? 
Since 1937 and prescnbed required elements of the plans (Burby et al. 1997). However, 

even if local governments do not prepare their comprehensive plans, the state government 

has no way of penalizing them (Burby et al. 1997). As well, the state does not review 

local comprehensive plans, except for housing and safety elements (Burby et al. 1997). 

This also evidences political fragmentation in California. 

Third, there is a good data set on local growth controls for the State of California. A 

comprehensive survey (Glickfeld and Levine 1992) of local growth controls was 

conducted in 1988 (specifically, from Fall of 1988 until February of 1989). In the absence 

of national-level data, the California data set is one of the most comprehensive surveys 

available. 

Using California as the study area, I employ the following research methods to 

achieve the research objectives presented in this dissertation. 

4.2 Research Method 

4.2.1 Effects of Growth Controls on Housing Construction 

This study focuses on the impacts of local growth controls on the amount of housing 

construction, one aspect of growth controls' price effects. It is hypothesized that local 

growth controls enacted in a jurisdiction will - due to increased housing construction 

In 1971, in order to tackle sprawl, California required localities to adopt comprehensive plans 
conforming to existing zoning ordinances and prescribed additional mandatory elements for the plans. 
However, such state-mandated comprehensive plans aggravated political fragmentation over land use 
regulations and as a result, contributed to sprawl (McGovem 1998). With comprehensive plans, many 
jurisdictions made efforts for local economic development to secure fiscal resources, given the property tax 
revenues constrained by the passage of Proposition 13 in 1978. In the process, localities did not consider 
either regional consequences (of fueling sprawl) from implementation of comprehensive plans or regional 
coordination among such plans (McGovem 1998). 
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costs - reduce housing construction in the jurisdiction itself but will increase 

homebuilding in neighboring localities through spillovers. As Janczyk and Constance 

(1980, 11) argue, "[a] common feature of local growth control measures is restriction of 

housing supply." Thus, in localities imposing growth controls, the number of newly 

constructed housing units is likely to decrease. This sets in motion spillovers as the 

reduction in housing construction shifts housing demand from growth-controlled 

jurisdictions to neighboring localities with no or fewer controls. Although the vacant 

housing stock of nearby localities can absorb initial spillovers, this reserve will soon 

disappear, creating demand for new housing. This condition may lead homebuilders in 

growth-controlled jurisdictions to enter adjacent non-growth-controlled localities to avoid 

cost increases arising from growth controls (Levine 1999). As a result, neighboring 

localities will likely experience an increase in housing construction. 

In an empirical model, I specify the quantity of housing construction in a jurisdiction 

- operationalized via residential building permits'^ - as a function both of growth 

controls in the jurisdiction itself and of growth controls in neighboring jurisdictions. The 

model controls for existing housing units, housing demand in the jurisdiction, and the 

demand shock from neighboring localities. In addition, fixed effects are used to capture 

unobserved heterogeneities among metropolitan regions (i.e., MSAs). The empirical 

" I use the annual number of housing building permits to operationalize the amount of housing construction 
is because local-level data on the annual amount of new housing units for the target period are not 
available. The building permit data used in this dissertation cover new privately owned housing. The data 
exclude building permits issued for conversions and alterations of residential buildings. Moreover, mobile 
homes, hotels, motels, nursing homes, and college dormitories are not included in the data. Every year, the 
U.S. Census Bureau collects the data from permit-issuing places - cities, towns, and counties. 
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model thus takes the form of a spatial cross-regressive model (see Equation 1) because 

the spatially lagged variables are exogenous and can be estimated via OLS. 

LnPsm =7^ + 71 LnEH 90 + LnPGsm + WiLnPGssst 

+ r4G=c, + r5GC2 + r6GC3 + r7<jC4 -(i) 
24 

+ R, W2 GCX + 79 Wi GC2 + 7io Wa GCI + 7u'WI GCA + E 7n„ MSA. + v 
m=l 

Psg9o: Average annual number of housing building permits issued during 1988-1990" 

EH90 '• Number of existing total housing units in 1990' ̂ 
PGTSW '• Annual population growth rate, 1985-1988"' 
Wj LnPGssw '• Spatial lag of the natural logarithm of annual population growth rate (1985-1988) 
GC\ '• Number of population growth or housing permit caps as of 1988 
GC2 • Presence or absence of urban growth boundary as of 1988 ('presence'=l; 'absence'= 0) 

GC} • Presence or absence of adequate public facility ordinances as of 1988 ('presence'=l; 
'absence' = 0) 

GCA '• Number of restrictive residential zoning regulations as of 1988 

WjGC, : Spatial lag of GC, 
W2GC2: Spatial lag of GC2 

WiGCi Spatial lag of GCa 

W2GC4: Spatial lag of gCA 

Wi: Row-standardized distance-based contiguity matrix for the spatial lag of LnPG%m 

Wz: Row-standardized distance-based contiguity matrix for the spatial lags of the four local 
growth control variables (GG , i = 1,..., 4) 

MSAm '• Dummy variables (i.e., fixed effects) indicating 24 MSAs (or PMSAs) 
V : Vector of the OLS error terms 

" For a few jurisdictions where no housing permits were issued during 1988 to 1990, 1 is added to Pgggo of 

all the jurisdictions because the natural logarithm of Pgggo is not defined for 0. 

" This is used as a proxy for the existing total housing units in 1988 when the survey of local growth 
controls was conducted. 

Since PGssm negative values for some observations, 1 has to be added to all the jurisdictions for the 

natural logarithm of PGssss • 
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Since the model specified above is based on spatial data, it is imperative to recognize 

that the model may suffer from spatial autocorrelation in the dependent variable or the 

error terras and thus violate the independence assumption (Florax and Nijkamp 2004). In 

the empirical analysis, I thus also investigate two altemative model specifications: a 

spatial lag model (Equation 1-1) and a spatial error model (Equation 1-2). They take the 

form of: 

LnPitsa ~ (Xn "+• P WL»f LnP+ a\ LnEHso cci LnPGku (Xi \Vi LnPG^su 

+ aiGC\ + a^GC2 + a6GCs + aiGC* —(1-1) 
24 

+ a s W z G C x  + ««W2GC2 + aio W2GC3 + «)! W2GC4 + Hau.mMSAm + u 
m~\ 

and 

LnPiigo — PaP\ LnEH 90 Pi LnPGism + Pi Wi LnPG ssss 

+ P, GCi + PsGCz + P, GC3 + P, GC^ 
24 — (1-2) 

+ AVV2GC,+ P, W2GC2 + Ao W2 GCa + A1W2 GC4 + Z p,.„ MSA„ + V 
m—\ 

V =>lWlr rV  +£ 

where \v,,„ and Wi„ are row-standardized spatial weight matrices that define a spatially lagged 

autoregressive dependent variable and spatially lagged error terms, respectively, v and s 
represent the error terms of Equation 1-1 and 1-2, respectively. 

The spatial lag model (Equation 1-1) includes the spatially lagged dependent variable 

as an explanatory variable, and /? is a scalar autoregressive parameter. If p is 

statistically significant, a jurisdiction's number of residential building permits is 

influenced by those issued in neighboring jurisdictions - spatial lag dependence. The 

spatial lag model thus accounts for such dependence, in other words, potential interaction 
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in housing construction among neighboring localities. To ignore this dependence through 

a standard regression model (i.e., OLS), the parameter estimator will be biased, and thus 

inferences on parameter estimates will be incorrect (Anselin 1992). 

The spatial error model (Equation 1-2) recognizes that a random shock that affects 

homebuilding in one jurisdiction is diffused throughout a whole system comprising 

California localities. This model also reflects the spatial error dependence caused by the 

mismatch between the spatial units used for data collection and the realistic extent of 

spatial phenomenon represented by the data. X indicates a scalar parameter of the spatial 

autocorrelation in the OLS error terms, y . Even if the spatial error dependence is 

overlooked via OLS, the parameter estimator will be unbiased. However, since variance 

of the estimator will be biased (Anselin 1992), hypothesis testing for parameter estimates 

will be distorted. 

Even if OLS reflects such spatial lag and error dependencies, the parameter estimator 

will be biased in the former case, and in the latter case, it will be unbiased but not 

efficient (Florax and Nijkamp 2004). Due to these limitations of OLS, both the spatial lag 

and the spatial error models require maximum likelihood estimation. 

Several characteristics of all three model specifications (Equation 1, 1-1, and 1-2) 

suggested above are worth noting. First, the logarithmic specification of the dependent 

variable reduces the risk ofheteroskedasticity. As well, the logarithmic specification of 

EHv> and PG%i%% can account for diminishing effects on the dependent variable with 

increases in housing stock and population growth. 
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Second, unlike the previous studies that use aggregate growth control measures (e.g., 

Brueckner (1998) uses the total number of growth controls), this model attempts to 

evaluate the individual effects of growth controls on housing construction. While it is 

hypothesized that growth controls have negative effects on housing construction, the 

magnitudes or directions of the effects may well vary across growth controls. Such 

differences in the effect sizes and directions may cancel out when using an aggregate 

measure of growth controls. Moreover, from a substantive point of view, it is imperative 

to gain insight into which type of growth control has the strongest influence on housing 

construction and whether the influence is negative. 

Third, the three models use different weight matrices, Wi and W2, for specifying the 

spatial lags of population growth and growth controls, respectively. Clearly, there is no 

theoretical rationale that could guide the exact specification of such spatial lags. 

However, differentiating between weight matrices for the spatial lags provides the 

opportunity to choose the empirically most suitable specification. In particular, the model 

does not claim a priori that the spatial extent of the influences of growth controls is 

identical to the spatial extent of the impacts of housing demand. 

Fourth, since local-level data on newly built housing during the target period are not 

available, the models use residential building permits as a proxy. To be sure, there is a 

time lag separating building permit issuance and housing construction, and not all 

building permits result in newly built housing. Nonetheless, the issuance of building 

permits approximates housing construction well. Additionally, the 3-year average (1988-
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1990) of building permits is used as the dependent variable in each of the models to avoid 

the possible bias caused by the concentration of building permits in a single year. 

Fifth, the models assume that the business conditions (represented by explanatory 

variables) during 1985-1988 influenced homebuilders' behavior in seeking building 

permits during 1988-1990. Thus, the models incorporate a time lag separating the 

1 7 
measurement of explanatory variables and the dependent variable. 

Finally, the models control for variations in the existing housing stock, EH90, and for 

variations in annual population growth in the jurisdiction itself, PGssm and in neighboring 

localities, Wi LnPGuu • The existing housing stock captures a size effect and is expected 

to influence the number of residential building permits positively. The population growth 

variables capture the demand for new housing indigenous to the jurisdiction itself and the 

demand which could be spilled over from neighboring localities. The variables are 

expected to positively affect the number ofbuilding permits. MSA dummy variables'^ 

reflect MSA-level variations in unobserved socio-economic variables or in the 

The 1990 existing housing stock, EHv), which is used as a proxy for the 1988 existing housing stock, 
may include some housing for which building permits were issued during 1988 and 1990. However, the 
resulting error is likely to be small given that there is also a time lag between permit issuance and actual 
construction. 

These 24 dummy variables include the six PMSAs of the San Francisco-Oakland-San Jose CMSA, the 
four PMSAs of the Los Angeles-Anaheim-Riverside CMSA, and the San Diego, Sacramento, Bakersfield, 
Chico. Fresno (which includes Madera County), Merced, Modesto, Redding, Salinas-Seaside-Monterey, 
Santa Barbara-Santa Maria-Lompoc, Stockton, Visalia-Tulare-Porterville, Yuba City, and San Luis 
Obispo-Atascadero-Paso Robles MSAs. The names and constituent counties of these MSAs and PMSAs 
follow the definitions of metropolitan areas issued by the Office of Management and Budget in 1990 (see 
Table 21 in the Appendix B). For the San Luis Obispo-Atascadero-Paso Robles MSA and the Fresno MSA, 
the 1993 definition is applied. In 1990, there were 23 MSAs (or PMSAs). The San Luis Obispo-
Atascadero-Paso Robles area did not have the status of a MSA, and Madera County was not designated as 
one of the constituent counties of the Fresno MSA until 1993. N on-metropolitan areas constitute the 
omitted category. 
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explanatory variables that had to be removed from the models to avoid 

multicollinearity.'^ In addition, the fixed effects represent homebuilders' preferences for 

established or growing urban markets. 

Table 2 Expected Effects of Explanatory Variables Used in Equation 1 

Variables Expected Effects 

Growth Controls in the Jurisdiction Itself 

GC) (population growth or housing permit caps) -

GCj (urban growth boundary) -

GCj (adequate public facility ordinance) -

GC4 (restrictive residential zoning) -

Growth Controls in Neighboring Jurisdictions 

W2GC, + 

W2GC2 + 

W2GC3 + 

W2GC4 + 

Housing Stock and Population Growth 

EH90 + 

PGssss + 

WiLnPGgsgg + 

Table 2 provides a summary of the expected effects of the explanatory variables on 

residential building permits (i.e., homebuilding). The existing housing stock and the 

annual population growth in the jurisdiction itself and its neighbors are hypothesized to 

have positive effects. The growth controls in the jurisdiction itself are expected to 

Initially, single-family housing price index, housing construction cost (for which county-level 
construction wage was used as a proxy), population, median household income, and dummy variables 
indicating four major metropolitan regions in California (i.e., San Francisco, Los Angeles, San Diego, and 
Sacramento) were also used as explanatory variables in Equation 1. However, due to excessive 
multicollinearity, these variables were dropped from the model. The 24 MSA dummy variables replaced 
the four regional dummies. The earlier version of Equation 1 and its estimation results are included in 
Appendices A and B, respectively. 
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decrease homebuilding whereas the jurisdiction's housing construction will likely be 

increased by the growth controls in neighbors. 

The empirical models presented above provide a cross-sectional picture of spillovers, 

especially across California. Particularly, Equations 1-1 and 1-2 treat spillovers as a 

system-wide phenomenon where homebuilding in one jurisdiction interacts with 

homebuilding in all other communities of the system (California). However, when 

treating spillovers as a system-wide phenomenon, it is difficult to derive the net-effect 

experienced by an individual jurisdiction. Thus, the following section introduces a 

method that estimates the net effect for each locality, i.e., spillovers at the local level. 

Through the net effects estimated for jurisdictions, I identify spillover destinations -

jurisdictions which receive spillovers from surrounding localities - and spillover origins 

-jurisdictions which shift homebuilding or population growth outward. 

4.2.2 Indexing of Spillovers and Categorization 

4.2.2.1 Computation of Spillover Index Values 

A quasi-experimental approach is used to index spillovers for each jurisdiction. This 

responds to the limitations of cross-sectional models that treat spillovers as a system-wide 

phenomenon. The quasi-experimental approach is based on a control period as in Shen 

(1996). However, unlike Shen's approach, it builds on an empirical model of local 

homebuilding for a control period. The approach is presented by Equation 2. 
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LnP80S2 — P W1 LnPmz So SxLnEH go SjLnPGism ^3 W j LnPG 7580 
24 — (2) 

+ E^4.mMS/4m + £c 
m=l 

Pmi • Average annual number of residential building permits, 1980-1982 

EHw '• Existing housing units as of 1980 

PGisio '• Annual population growth rate, 1975-1980 

WiLnPmi '• Spatial lag of dependent variable 

'WzLnPGisso '• Spatial lag of annual population growth rate, 1975-1980 

Wi: Up-to-50-mile contiguity spatial weight matrix (row-standardized)^"' 
W2 -• Up-to-40-mile contiguity spatial weight matrix (row-standardized)^^ 

MSAm '• MSA (or PMSA) dummy variables, i.e., fixed effects 

: Vector of error terms 

Equation 2 applies to a control period and does not use local growth controls as 

explanatory variables. This shows that a quasi-experimental approach based on a control 

period is used to empirically index spillovers generated by local growth controls. The 

The OLS version of Equation 2 suffers from spatial lag dependencies at the up-to-50-mile, up-to-40-mile, 
and up-to-25-mile contiguity weight matrices. These spatial lag dependencies reflect spatial interaction 
among proximate observations (here, jurisdictions) with respect to a phenomenon (here, homebuilding or 
issuance of residential building permits) represented by dependent variable (Florax et al. 2002; Florax and 
Nijkamp 2004). Stated otherwise, the spatial lag dependencies shown in the OLS version of Equation 2 
indicate the behavior of homebuilders in the control period that the equation seeks to capture. However, 
since such spatial weight matrices are based on the distance between t^o jurisdictions' centroids and some 
jurisdictions in California have big area sizes (for example, San Bernardino County), a shorter-distance-
based contiguity matrix produces a relatively larger number of "islands" having no neighbors. In order to 
minimize the number of "islands," I use the up-to-50-mile contiguity weight matrix for the spatial lag of 
dependent variable. 

On average, the distance of 50 miles indicates California residents' commuting distance (Fulton 1993). 
Considering that people tend to secure housing within their maximum possible commuting distance from 
the jurisdictions where their works are located, the 50-niile distance can reflects the spatial scope for 
California housing demanders' residential search. 

When using the up-to-40-mile contiguity weight matrix for the spatial lag of annual population growth in 
Equation 2, the partial regression coefficient of the lagged variable is more significant than when other 
matrices (the up-to-50-mile and up-to-25-mile contiguity matrices) are used. 

^ Equation 2 controls for spatial lag dependence occurring at the up-to-50-mile contiguity spatial weight 
matrix. And the model corrects for high multicollinearity by replacing several explanatory variables with 
the 24 MSA dummy variables. The earlier version of Equation 2 and its results are presented in Appendices 
A and B, respectively. 
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control period of the equation is designated as 1975-1980. This period is selected because 

until the early 1980s only a relatively small number of local governments had 

implemented growth control and management measures in California (Glickfeld and 

Levine 1992; Levine 1999; see Figure 9). Considering the spread of growth controls 

across California in the 1980s, especially after the mid-1980s, I choose 1985-1990 as the 

study period (see Figure 9). According to Downs (1992), from 1986 to 1990, which 

approximates the study period, the number of housing units built across Cahfomia 

decreased by 46% (from 302,900 units in 1986 to 164,300 units in 1990) and local 

growth controls were one factor generating this drop. 

The vector of parameter estimates (henceforth, ) obtained from Equation 2 

indicates the behavior ofhomebuilders during the control period. Specifically, the 

behavior resulted from their perception of business conditions during the period of 1975-

1980 and led to building permit issuance in 1980-1982.^'* Under the assumption that the 

behavior ofhomebuilders is constant and no more growth controls are enacted from the 

control period until the study period, the projected average annual number of building 

permits in 1990-1992 can be computed for each locality. This computation uses Equation 

3. Each locality's projected average annual number of building permits in 1990-1992 is 

equal to EXPiLnP-mi) -1 • Since the average annual number of residential building permits 

during the period, 1980-1982 could be zero for a locality, 1 is added to every 

Similar to Equation 1, Equation 2 reflects time lags passed imtil the condition of 1975-1980 represented 
by covariates led to building permit issuance in 1980-82. The dependent variable of Equation 2 takes a 
three-year average of 1980-1982 in order to prevent a bias due to the possible concentration of building 
permits in a single year. 
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jurisdiction's average annual number of building permits for such period as in Equation 

1. 

LnEH90 LnPGm9o WtLnPGism MSAx (3) 

A 

LnPmz '• Natural logarithm of the projected average annual number of building permits in 1990-
1992 

L; The first column of the matrix of explanatory variables for the study period in Equation 3, 
which is composed of I's 

I: A 454-by-454 identity matrix 

The definitions of explanatory variables: the same as in Equation 2, except that Equation 3 uses a 
different time period (1985-1990) 

The spatial weight matrices: the same as in Equation 2 

SPI^Q^9092 ... (4) 
PRP9092 

ORPtmi '• Observed average annual number of residential building permits, 1990-1992 
PRP9092 '• Projected average annual number of residential building permits, 1990-1992 

After computing the projected average number of residential building permits during 

1990-1992, Equation 4 is used to calculate spillover index values for each jurisdiction. As 

shown in Equation 4, the index is the ratio of the observed average annual number of 

building permit in 1990-1992 to the projected value. If the ratio is larger than 1 in a 

locality, this means the locality has more homebuilding than projected and will be 

considered a spillover destination. On the other hand, if the index is smaller than 1, the 

locality will likely be a spillover origin. This interpretation of the spillover index values 

is summarized in Figure 12. 
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SPI 

Smaller than 1 in Locality i 

Larger than 1 in Locality i Locality i 

Spillover Destination 

Locality i 

Spillover Origin 

Shift of housing construction 

towards locality ifrom neighbors 

Shift of housing construction 

from locality i towards neighbors 

Figure 12 Interpretation of Spillover Index 

Source; By the Author 

4.2.2.2 Categorization of Jurisdictions with Spillover Index Values 

The interpretation of spillover index (henceforth, SPI) values presented in Figure 12 

can be useful to categorize localities as spillover origins or destinations. However, such a 

categorization raises two issues. The first issue concerns how to treat the SPI values. That 

is, some localities' projected amount ofhomebuilding, which is the denominator of SPI, 

might be underestimated or overestimated because of the potential impacts of variables 

excluded from Equation 2. Given this, the evaluation of each locality's spillovers by 

Figure 12 can be ad hoc or biased. The second issue is how to make the categorization 

encompass the process of spillovers over space. Spillovers occur among spatially 

proximate localities or spillovers are likely to progress from clustered origins to 
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destinations (Shen 1996). The process of spillovers suggests that categorization of 

spillover origins and destinations should be based on the relationship (or correlation) 

between one locality and its neighbors with respect to the SPI values. 

In order to solve these two issues, the study employs a clustering algorithm and the 

Moran scatter plot. Specifically, by applying a clustering algorithm to the values, the SPI 

values are treated categorically. Simultaneously, the four quadrants of the scatter plot 

group the values by representing the types of relationships (or correlations) between the 

SPI value of one locality and the SPI values of its neighbors. Through cross-tabulation of 

these two groupings, spillover origins and destinations are classified. Simply put, a 

clustering algorithm and the four quadrants of the scatter plot are used in combination. 

4.2.3 Outward Progression of Spillovers and Spread of Growth Controls 

4.2.3.1 Spatial Distribution of Spillover Origins and Destinations 

The spatial distribution of spillover origins and destinations is investigated. The 

investigation is the first step for examining the outward progression of spillovers amid 

the diffusion of growth controls. Spillovers mainly occur within a metropolitan region 

because homebuilding is usually a localized business (Landis 1986), and residential 

search is not easily conducted beyond a metropolitan region. For this reason, based on the 

categorization and using GIS mapping, I explore the spatial distribution of spillover 

origins and destinations in California, more specifically, within the Los Angeles and San 

Francisco metropolitan regions. 
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4.2.3.2 Relationship between Growth Controls and Spatial Distribution of Spillover 
Origins and Destinations 

The second step for investigating the outward progression of spillovers is the 

empirical examination of relationships between local growth controls and the spatial 

distribution of spillover origins and destinations. For this examination, 1 use ANOVA and 

t-tests for the difference in mean number or proportion of each growth control between 

spillover origins and destinations. These statistical analyses are conducted for Califomia 

as a whole, and two subsets, the Los Angeles and the San Francisco metropolitan regions. 

The spillover origin group is likely to have a larger mean value or proportion for each 

growth control than the spillover destination group. If the likelihood is supported by 

results of the statistical analyses and spillover origins form clusters and destinations 

surround the clusters, the diffusion of growth controls and the ensuing outward 

progression of spillovers are indicated. 

4.3 Data 

The data set for local growth controls (Glickfeld and Levine 1992) is based on the 

California-wide survey conducted during 1988-1989. In total, 443 out of 508 localities 

responded to the survey: all 58 counties and 385 out of 450 incorporated cities. The data 

set provides the types and numbers of growth controls enacted in each locality as of 1988. 

However, the data set does not provide information on the adoption year and annual 

status of each control in each jurisdiction. This limitation inhibits conducting a time-
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series investigation of the dif&sion of growth controls and the resulting outward 

progression of spillovers across a metropolitan region. 

Due to inadequate data on building permits, population, and housing, Equations 1 (or 

1-1 and 1-2) and 2 exclude some of the 443 responding jurisdictions. The former uses 

420 localities. The latter uses 454 localities - 396 out of the 443 jurisdictions (all 58 

counties and 338 responding cities), plus 58 non-responding cities.^^ 

Table 3 summarizes the sources and characteristics of the data used for all 

quantitative analyses. 

Table 3 Variables, Data Sources, and Resolution of Data 

Variables Data Source Resolution of Data 

Average Annual Number of 
Housing Building Permits* 

Annual New Privately Owned Residential 
Building Permits from U.S. Census Bureau 

Jurisdiction level; 
Annual 

Existing Housing Units* 
1980 Census of Housing; 
1990 Census of Population and Housing 

Jurisdiction level; 
Census; Every 10 years; 
Population and Housing 
Estimates: Annual 

Annual Population Growth 
Rate* 

1980 Census of Population; 
1990 Census of Population and Housing; 
Population Estimates for California 
Counties and Cities 1970-1990 (available at 
WWW.dof.ca.gov) 

Jurisdiction level; 
Census: Every 10 years; 
Population and Housing 
Estimates: Annual 

Local Growth Controls** 
Glickfeld and Levine (1992): survey of local 
growth controls enacted as of 1988 in 
California. 

Jurisdiction level 

*: These variables are used in Equations 1 and 2. 

**: On the basis of the 1988 survey results, spatial distribution of growth controls are illustrated in the maps 
of Appendix C. 

Equation 2 excludes 33 of the 385 responding cities because these cities were not incorporated in 1975, 
the beginning year of the control period. An additional 14 cities are removed due to their inadequate 
building permit data. From 65 non-responding places, seven incorporated places were left out because 
some of them do not have sufficient building permit data and others were not incorporated in 1975. 

http://WWW.dof.ca.gov
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5 RESULTS AND DISCUSSION 

5.1 Effects of Growth Controls on Homebuilding 

This dissertation empirically analyzes the effects of local growth controls on housing 

construction in a cross-sectional manner for the 420 jurisdictions in California. Table 4 

presents the descriptive statistics of the variables used in Equation 1. The average annual 

number of residential building permits (Pgggo) has a wide range between 0 and 9,306 and 

an average of 338.829. This wide range is in part due to the large variation in existing 

housing stock ( EH9a) and amual population growth rate ( PGuti) among the 420 

jurisdictions. The minimum value of the existing housing stock is 49 units and its 

maximum value is about 1.3 million units. The annual population growth has a relatively 

large range from -17.9% to 21.0%. 

Table 4 shows that the proportion of enactment varies across the four types of 

growth controls. First, either population growth or housing permit cap had been enacted 

by 58 of the 420 jurisdictions (13.8%). The average number of population growth and 

hous ing  pe rmi t  caps  (GC\ )  i s  0 .210 .  Second ,  the  mean  o f  u rban  g rowth  boundar ie s  ( G C t )  

is 0.181. Since GCi as well as adequate public facility ordinances (GCj) is a dummy 

variable indicating presence or absence of each control measure, the mean is equal to the 

proportion. Thus, 18.1% (i.e., 76) of the jurisdictions had implemented urban growth 

boundaries. Third, the other two types of growth controls have the higher proportions of 

enactment. Considering that the mean of adequate public facility ordinances (GCs) is 

0.297, nearly 30% (i.e., 124) of the localities had such ordinances enforced. At least one 
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growth control measure categorized as restrictive residential zoning ( GCA ) is enacted in 

141 jurisdictions (33.6%), and the mean of GCt is 0.417. 

Table 4 Descriptive Statistics of the Variables Used in Equation 1 

Variables Mean 
Standard 
Deviation 

Minimum Maximum Proportion 

Ps890 338.829 790.441 0 9.306 

EH90 25,010.495 74,514.442 49 1,299,963 

PGssss 0.027 0.034 -0.179 0.210 

WiLnPGgjgg (up-to-50-mile) 0.026 0.016 0 0.112 

WiLnPGgsss (up-to-40-mile) 0.025 0.017 -0.005 0.100 

WiLnPGgssg (up-to-25-mile) 0.024 0.020 -0.022 0.113 

GC, 0.210 0.556 0 2 0.138 ( 58) 

GC2 0.181 0.386 0 1 0.181 ( 76) 

GC3 0.297 0.457 0 1 0.297 (124) 

GC4 0.417 0.656 0 4 0.336(141) 

W2GC1 (up-to-50-mile) 0.194 0.224 0 1.222 

W2GC2 (up-to-50-mile) 0.177 0.186 0 1 

W2GC3 (up-to-50-mile) 0.286 0.145 0 1 

W2GC4 (up-to-SO-mile) 0.419 0.270 0 2 

W2GC1 (up-to-40-mile) 0.192 0.243 0 1.3 

W2GC2 (up-to-40-mile) 0.176 0.209 0 1 

W2GC3 (up-to-40-mile) 0.274 0.163 0 1 

W2GC4 (up-to-40-mile) 0.424 0.295 0 2 

WjGC, (up-to-25-mile) 0.197 0.331 0 2 

W2GC2 (up-to-25-mile) 0.166 0.241 0 1 

WjGCj (up-to-25-mile) 0.269 0.221 0 1 

VV2GC4 (up-to-25-mile) 0.410 0.355 0 2 

Sample Size: 420 

Notes; Proportion indicates the percentage of jurisdictions implementing each growth control. The values in 
parentheses are the number of jurisdictions enacting the control out of the 420 localities. 

The models (Equations 1,1-1, and 1-2) outlined in section 4.2.1 are used to assess 

the impact of growth controls on homebuilding. The spatial cross-regressive model 

(Equation 1) was not a proper model specification because the error terms were spatially 

autocorrelated (at a queen-contiguity spatial weight matrix). Diagnostics of the model are 
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shown in Appendix B (Tables 22-30). According to the Lagrange multiplier tests (LM-

ERR), the null hypotheses that there is no spatial error dependence at the queen-

contiguity matrix should be rejected for the nine combinations of spatial weight matrices 

for population growth and growth controls. Moreover, the Breusch-Pagan tests (B-P 

tests) reveal that for all the combinations the null hypotheses of homoskedasticity should 

be rejected. To control for spatial error dependence and heteroscedasticity in Equation 1, 

the spatial error model (Equation 1-2) was selected as the most appropriate specification. 

The spatial error model has been estimated for the nine combinations of spatial 

weight matrices. Table 5 shows the results gained when using a weight matrix of up-to-

50-mile contiguity for the spatial lags of growth controls and three weight matrices (i.e., 

up-to-25-mile, up-to-40-mile, and up-to-50-mile matrices) for the spatial lag of annual 

population growth. In Tables 6 and 7, up-to-40-mile and up-to-50-mile weight matrices 

define the spatially lagged growth controls, respectively. 

The results for the combinations are similar. However, given the same spatial lag of 

annual population growth, the models using the up-to-25-mile spatial lags of growth 

controls show better diagnostics and yield more robust estimation results than the other 

two models. Specifically, the models display higher probabilities of accepting both the 

common factor hypothesis and the null hypothesis of homoskedasticity. In the models, 

more parameter estimates for the spatially lagged growth controls are statistically 

significant. My discussion of the growth controls' impacts on homebuilding focuses on 

the three models using the up-to-25-mile spatial lags of growth controls shown in Table 

7. 
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Table 5 Spatial Error Model: Up-to-SO-mile Spatial Lag of Growth Control 

Variables 
MLE-ERR (I) MLE-ERR (2) MLE-ERR (3) 

Variables 
Coefficients i-value Coefficients z-value Coefficients z-value 

Intercept -4.456 -14.126** -4.515 -14.214** -4.478 -14.255** 

LnEHso 0.933 29.241** 0.932 29.386** 0.937 29,517** 

LnPGgsss 10.366 7.765** 10.721 8.140** 10.552 8.000** 

WjLnPGssgg 10.386 2.618** 10.026 2.748** 7.727 2.844** 

GCi 0.092 1.161 0.082 1.036 0.079 0.999 

GCj 0.329 2.814** 0.333 2.856** 0.342 2.929** 

GC3 0.047 0.511 0.072 0.789 0.054 0,592 

GC4 -0.155 -2.368** -0.155 -2.382** -0.160 -2,449** 

WjGCi 0.235 0.624 0.054 0.143 0.038 0,101 

WjGC2 0.201 0.580 0.270 0.770 0.309 0.878 

W2GC3 -0.176 -0.460 0.032 0.085 -0.054 -0,142 

W,GC4 -0.479 -1.715* -0.487 -1.739* -0.462 -1.658* 

BAK 0.006 0.017 0.199 0.554 0.222 0,618 

FRES 0.531 1.863* 0.437 1.484 0.470 1,612 

LALB -0.362 -1.723* -0.334 -1.557 -0.361 -1.703* 

RIVSB 0.442 1.649* 0.445 1.658* 0.471 1.782* 

ORAN -0.547 -2.109** -0.531 -2.012** -0.536 -2.036** 

VENT -0.281 -0.583 -0.204 -0.419 -0.196 -0.403 

MOD 0.761 1.870* 0.721 1.728* 0.761 1.851* 

OAK -0.363 -1.368 -0.337 -1.244 -0.374 -1.388 

SF -0.317 -1.195 -0.251 -0.921 -0.253 -0.930 

SJ -0.012 -0.037 0.051 0.156 0.042 0.127 

sc 0.093 0.196 0.152 0.314 0.070 0.145 

SR 0.283 0.731 0.316 0.803 0.259 0.658 

VAL 0.783 2.294** 0.791 2.275** 0.784 2.261** 

SAC 0.681 2.431** 0.729 2.607** 0.818 2.975** 

SALI 0.041 0.114 0.093 0.251 0.132 0.359 

SD 0.200 0.524 0.269 0.700 0.256 0.667 

SB -0.578 -1,119 -0.532 -1.016 -0.494 -0.943 

STO 0.143 0.340 0.110 0.255 0.244 0.585 

CHIC 0.437 0.769 0.415 0.721 0.387 0.672 

REDD 0.522 0.925 0.548 0.959 0.471 0.824 

VIS 0.100 0.258 0.058 0.146 0.051 0.129 

YUBA -0.295 -0.658 -0.218 -0.484 -0.147 -0.329 

MER 0.217 0.490 0.231 0.515 0.262 0.586 

SLO 0.421 0.858 0.576 1.167 0.581 1.181 

Spatially Lagged Error Term 0.222 3.927** 0.242 4.317** 0.241 4.284** 

Regression 
Diagnostics 

R-Square 0.7599 0.7610 0.7632 
Regression 
Diagnostics 

B-P Test 46.287* (DF = 35) 44.903 (DF = 35) 44.296 (DF = 35) 
Regression 
Diagnostics 

Spatial B-P Test 46.287* (DF = 35) 44.903 (DF = 35) 44.296 (DF = 35) 

Test for Spatial 
Dependence 

LR-ERR 10.061** (DF= 1) 12.747** (DF=1) 12.541* (DF= 1) Test for Spatial 
Dependence LM-LAG 0.037 (DF=1) 0.049 (DF=1) 0.015 (DF = 1) 

Common Factor 
Hypothesis Test 

LR-Test 51.026** (DF = 35) 47.357* (DF = 35) 47.925* (DF = 35) Common Factor 
Hypothesis Test Wald Test 53.664** (DF = 35) 49.437* (DF = 35) 50,116** (DF = 35) 

*; Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420; MLE-ERR (1), (2), and (3) use the 
up-to-50-mile, up-to-40-mile, and up-to-25-mile spatial lags of annual population growth. 
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Table 6 Spatial Error Model: Up-to-40-mile Spatial Lag of Growth Control 

Variables 
MLE-ERR (4) MLE-ERR (5) MLE-ERR (6) 

Variables 
Coefficients z-value Coefficients z-value Coefficients z-value 

Intercept -4.419 -14.076** -4.417 -14.332** -4311 -14.387** 

LnEHgo 0.935 29.284** 0.935 29.459** 0.939 29.581** 

LnPGg588 10.404 7.819** 10.752 8.202** 10.542 8.029** 

WiLnPGssss 9.174 2.365** 9.960 2.689** 7.870 2.863** 

GC, 0.105 1.317 0.104 1.312 0.102 1.283 

GCj 0.290 2.492** 0.292 2.521** 0.299 2.579** 

GC3 0.027 0.291 0.045 0.478 0.025 0.272 

GC4 -0.139 -2.125** -0.144 -2.213** -0.150 -2.298** 

W,GC, 0.616 1.815* 0.557 1.644 0.566 1.672* 

W2GC2 -0.107 -0.371 -0.060 -0.205 -0.075 -0.260 

W2GC3 -0.361 -1.065 -0.385 -1.139 -0.429 -1.267 

W2GC4 -0.209 -0.925 -0.297 -1.292 -0.300 -1.309 

BAK -0.020 -0.056 0.201 0.579 0.211 0,610 

FRES 0.644 2.291** 0.596 2.074** 0.628 2.208** 

LALB -0.518 -2.637** •J0A76 -2.358** -0.506 -2.552** 

RIVSB 0.292 1.156 0.257 1.010 0.271 1.080 

ORAN -0.697 -2.828** -0.676 -2.695** -0.685 -2.750** 

VENT -0.582 -1.240 -0.541 -1.143 -0.545 -1.156 

MOD 0.817 2.064** 0.716 1.745* 0.744 1.846* 

OAK -0.509 -2.004** -0.498 -1.928* -0.534 -2.084** 

SF -0.515 -1.986** -0.459 -1.726* -0.460 -1.742* 

SJ -0.275 -0.882 -0.224 -0.708 -0.231 -0.734 

sc -0.155 -0.334 -0.080 -0.169 -0.158 -0.339 

SR 0.210 0.548 0.186 0.477 0.130 0.333 

VAL 0.702 2.102** 0.669 1.970** 0.661 1.953* 

SAC 0.698 2.536** 0.715 2.596** 0.794 2.933** 

SALT -0.060 -0.181 -0.005 -0.015 0.038 0.111 

SD -0.123 -0.351 -0.031 -0.089 -0.040 -0.115 

SB -0.705 -1.418 -0.647 -1.287 -0.600 -1.198 

STO 0.154 0.364 0.069 0.159 0.194 0.463 

CHIC 0.550 0.966 0.489 0.848 0.483 0.840 

REDD 0.491 0,880 0.433 0.767 0.345 0.612 

VIS 0.269 0.686 0.266 0.668 0.265 0.670 

YUBA -0.252 -0.569 -0.230 -0.516 -0.170 -0.385 

MER 0.463 1.056 0.425 0.953 0.463 1.050 

SLO 0.019 0.037 0.114 0.230 0.132 0.266 

Spatially Lagged Error Term 0.213 3.747** 0.231 4.097** 0.228 4.031** 

Regression 
Diagnostics 

R-Square 0.7609 0.7624 0.7647 
Regression 
Diagnostics 

B-P Test 48.509* (OF = 35) 45.805 (DF = 35) 45.192 (DF = 35) Regression 
Diagnostics 

Spatial B-P Test 48.509* (DF = 35) 45.805 (DF = 35) 45.192 (DF = 35) 

Test for Spatial 
Dependence 

LR-ERR 8.856** (DF=1) 11.285** (DF - 1) 10,758** (DF=1) Test for Spatial 
Dependence LM-LAG 0.094 (DF = 1) 0.120 (DF= 1) 0.057 (DF = 1) 

Common Factor 
Hypothesis Test 

LR-Test 48.318* (DF = 35) 45.807 (DF - 35) 47.438* (DF - 35) Common Factor 
Hypothesis Test Wald Test 50.677** (DF-35) 47.712* (DF = 35) 49.686** (DF = 35) 

*; Significant at a = 0.1; **; Significant at a = 0.05; Sample Size - 420; MLE-ERR (4), (5), and (6) use the 
up-to-50-mile, up-to-40-mile, and up-to-25-niile spatial lags of annual population growth. 



76 

Table 7 Spatial Error Model: Up-to-25-mile Spatial Lag of Growth Control 

Variables 
MLE-ERR (7) MLE-ERR (8) MLE-ERR (9) 

Variables 
Coefficients z-value Coefficients z-value Coefficients z-value 

Intercept -4.568 -15.164** -4.579 -15.480** -4.532 -15.501** 

LnEHgo 0.937 29.244* • 0.937 29.458** 0.941 29.529** 

LnPGgssg 10.532 7.911** 10.881 8.306** 10.681 8.131** 

WiLnPGgssg 9.623 2.506** 10.677 2.926** 8.347 3.057** 

C3Ci 0.080 1.012 0.082 1.040 0.079 1.004 

GC2 0.296 2.515** 0.296 2.530** 0.303 2.591** 

GC, 0.073 0.805 0.091 0.993 0.071 0.782 

GC4 -0.162 -2.480** -0.165 -2.543** -0.172 -2.645** 

W2GC1 0.347 1.847* 0.340 1.819* 0.347 1.858* 

WjGCs 0.130 0.536 0.177 0.725 0.156 0.644 

W2GC3 0.034 0.155 -0.026 -0.117 -0.054 -0.245 

WjGC4 -0.334 -1.972** -0.398 -2.317** -0.407 -2.369** 

BAK 0.022 0.066 0.258 0.760 0.272 0.809 

FRES 0.524 1.907* 0.492 1.759* 0.524 1.899* 

LALB -0.400 -2.148** -0.359 -1.879* -0.386 -2.061** 

RIVSB 0.415 1.707* 0.372 1.514 0.396 1.651* 

ORAN -0,589 -2.527** -0.579 -2.442** -0.583 -2.484** 

VENT -0.518 -1.288 -0.522 -1.287 -0.523 -1.296 

MOD 0.808 2.147** 0.697 1.788* 0.729 1.908* 

OAK -0.373 -1.558 -0.372 -1.527 -0.406 -1.684* 

SF -0.337 -1.395 -0.291 -1.182 -0.288 -1.180 

SJ -0.058 -0.204 -0.023 -0.081 -0.024 -0.084 

sc -0.208 -0.466 -0.182 -0.403 -0.267 -0.597 

SR 0.310 0.844 0.270 0.721 0.219 0.590 

VAL 0.682 2.113** 0.640 1.947* 0.633 1.942* 

SAC 0.721 2.715** 0.732 2.752** 0.817 3.141** 

SALI 0.092 0.284 0.149 0.449 0.202 0.613 

SD 0.065 0.200 0.132 0.407 0.134 0.418 

SB -0.647 -1.474 -0.649 -1.457 -0.606 -1.372 

STO 0.081 0.200 -0.020 -0.049 0.114 0.287 

CHIC 0.536 0.949 0.462 0.807 0.464 0.816 

REDD 0.616 1.138 0.561 1.024 0.474 0.869 

VIS 0.099 0.254 0.104 0.263 0.106 0.271 

YUBA -0.229 -0.531 -0.207 -0.475 -0.138 -0.322 

MER 0.305 0.703 0.282 0.642 0.326 0.753 

SUD 0.359 0.836 0.399 0.924 0.433 1.012 

Spatially Lagged Error Term 0.191 3.343** 0.211 3.723** 0.203 3.565** 

Regression 
Diagnostics 

R-Square 0.7612 0.7633 0.7651 
Regression 
Diagnostics 

B-F Test 44.125 (DF = 35) 40.949 (DF = 35) 41.131 (DF = 35) Regression 
Diagnostics 

Spatial B-P Test 44.126 (DF = 35) 40.949 (DF = 35) 41.131 (DF = 35) 

Test for Spatial 
Dependence 

LR-ERR 7.110** (DF=1) 9.418** (DF=1) 8.500** (DF=1) Test for Spatial 
Dependence LM-LAG 0.018 (DF= 1) 0.048 (DF=1) 0.003 (DF=1) 

Common 
Factor 
Hypothesis Test 

LR-Test 45.191 (DF = 35) 41.587 (DF = 35) 44.357 (DF = 35) Common 
Factor 
Hypothesis Test Wald Test 45.833 (DF - 35) 41.794 (DF = 35) 44.989 (DF = 35) 

*: Significant at a = 0.1; Significant at a = 0.05; Sample Size = 420; MLE-ERR (7), (8), and (9) use the 
up-to-50-mile, up-to-40-niile, and up-to-25-mile spatial lags of annual population growth. 
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Table 7 shows that for the three models - MLE-ERR (7), (8), and (9) - the existing 

housing stock ( eHV, ) and the annual population growth variables ( PGssss and 

Wi LnPGiiw) have the positive influence on homebuilding. These effects are in 

accordance with the expectation presented in Table 2. The existing housing stock controls 

for the size effect, and its estimated elasticity is close to one for each of the three models. 

The annual population growth has a substantial impact on homebuilding. According to 

the elasticity of the variable, a 1%-increase in annual population growth rate translates 

into a more than 10.5%-increase in homebuilding (i.e., building permits) for every model. 

This responsiveness to increasing demand is reinforced as homebuilding also responds 

strongly to demand shock due to the population growth in neighboring jurisdictions 

(Wi LnPGwm). The empirically estimated effect of each growth control on homebuilding 

is discussed in a separate section below. In another section, I also examine the effects of 

the MSA dummy variables. This examination briefly presents the spatial pattern of 

homebuilding, especially in the Los Angeles and San Francisco metropolitan regions. 

5.1.1 Effects of Growth Controls on Housing Construction 

The estimated effects of the growth control variables are in contrast to expectations. 

First, one of the four growth controls (enacted in the own jurisdiction) has a negative 

effect on housing construction. Population growth or housing permit caps ( GCI) and 

adequate public facility ordinances (GCI) have no effects, and urban growth boundaries 

( GCi) have a significantly positive effect on homebuilding. Only restrictive residential 

zoning (GCt) influences local housing construction significantly and negatively. Second, 
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among the spatially lagged growth controls, only the spatially lagged population or 

housing permit caps ( W2GC1) have a positive impact on homebuilding, as expected. 

However, spatially lagged restrictive residential zoning ( W2GC4) shows the negative 

effect. The other two spatial lags have no significant effects. In what follows, the 

estimated effect for each growth control is discussed in more detail. 

5.1.1.1 Population Growth or Housing Permit Caps 

Population growth or housing permit caps (GC\) enacted in the jurisdiction itself 

show no significant effect on homebuilding. This result is not in accordance with the 

expected effect of the variable because the control sets an explicit limit on the annual 

amount of population inflow or building permits in order to slow rapid growth. But, how 

much the caps constrain homebuilding depends on how the annual quota is specified. 

Many jurisdictions likely use short-term unanticipated growth as a basis for designating 

the quota (Landis 1992). However, short-term rapid growth typically deviates from 

average long-term growth and, thus, the caps have a likelihood of adjusting the annual 

quota to the average level (Landis 1992). Given this likelihood and the continuous 

population growth across California, the annual quota of population inflow or building 

permits is likely determined to the extent that the quota does not generate a significant 

drop in homebuilding. This can be a possible reason for the result regarding population 

growth or housing permit caps. 

However, the spatial lag of population growth or housing permit caps ( W2 GCi) has 

a significantly positive coefficient at the level of 0.1. That is, if neighbors within 25 miles 
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from a certain locality on average put a cap on population influx or building permits, the 

locality likely witnesses a rise in housing construction. The coefficient implies that the 

caps enacted in a jurisdiction may shift housing construction toward other jurisdictions, 

although it is not compatible with the estimated effect of GCI • However, since the spatial 

lag is mostly a weighted average for multiple neighboring jurisdictions, the coefficient 

does not sufficiently present the possible shift for an individual locality. 

In total, the results are mixed. Such mixed results suggest that population growth or 

housing permit caps have no effect or, sometimes, a slightly negative effect on 

homebuilding. 

5.1.1.2 Urban Growth Boundaries 

Urban growth boundaries are expected to constrain land supply and raise land prices 

inside boundaries (Rosen and Katz 1981; Nelson 1985; Nelson 1986). This expectation is 

based on the fact that urban growth boundaries contain growth within designated areas, 

and simultaneously, the jurisdictions do not provide public infrastructure for development 

outside the boundaries during the predetermined period. Given the expectation, urban 

growth boundaries are hypothesized to decrease housing construction. Yet, the empirical 

result is the opposite. As Table 7 shows, urban growth boundaries ( GCI) have a positive 

effect on homebuilding and the effect is statistically significant at 0.05. Moreover, the 

spatial lag of urban growth boundaries ( Wi GCi ) has an insignificant coefficient. In 

other words, urban growth boundaries accommodate housing construction rather than 

restricting it, and thus are not likely to shift homebuilding outward. 
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One possible reason for this counter-intuitive result is the time lag between the 

designation of a urban growth boundary and its substantial effect of constraining land 

supply (Nelson 1985). The time lag occurs because the area inside the boundary is 

usually determined on the basis of the projections of future demographic and 

development trends (Knaap and Nelson 1988). In other words, local governments 

determine the sizes of the bounded areas such that land supply constraints are not binding 

shortly after urban growth boundaries are enforced. Thus, considering that local growth 

controls, including urban growth boundaries, spread across California predominantly 

during the 1980s (see Figure 9), land supply constraints may not have surfaced in the late 

1980s. Unfortunately, the growth control data do not include the necessary information to 

test this hypothesis. Yet, this limitation also shows the need to collect data on adoption 

year of urban growth boundary and the amount of developable land within the boundary 

for each jurisdiction. 

Another possible reason is that homebuilders can counterbalance rising land costs by 

pursuing high-density development inside the boundary even if urban growth boundaries 

substantially constrain land supply (Pendall 2000; Dawkins and Nelson 2002). Since any 

housing construction is allowed inside the boundaries, this densification strategy is 

feasible until developable land inside the boundaries is depleted to a considerable extent. 

In fact, such high-density development is also compatible with the anti-sprawl goal'^ of 

urban growth boundaries. In other words, as Knaap and Nelson (1992, 40) state, urban 

Urban growth boundary is used to attack sprawl and to promote compact and contiguous urban form 
(Dawkins and Nelson 2002). 
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growth boundary . .manages the process and location of growth..instead of 

controlling growth restrictively, and thus, . .accommodates urban growth without 

permitting sprawl." The empirically estimated effect of urban growth boundaries supports 

this argument. 

5.1.1.3 Adequate Public Facility Ordinances 

Adequate public facility ordinances (APFOs) require homebuilders or residential 

developers to provide sufficient public infrastructure to minimize costs - negative 

externalities and increasing fiscal burden^^ - induced by new development. Under 

APFOs, homebuilders have to pay more construction costs due to the mandated provision 

of public infrastructure and the regulatory delays until approval for provided 

infrastructure is granted (Rosen and Katz 1981). Such financial impacts of APFOs on 

homebuilders are expected to cause a drop in housing construction. 

However, the models suggest that the APFOs of the jurisdiction itself (GCi) and of 

neighbors ( Wj GCi) have no significant effects on housing construction. Especially, the 

two variables' coefficients have t-values which are less than 1 and close to 0, 

respectively. Clearly, this result conflicts with the expectation. A possible reason is that 

homebuilders can offset the financial impacts of APFOs by seeking densification within 

the capacity of their provided infrastructure (Pendall 2000; Nelson et al. 2002). 

Under a system of average-cost financing for public infrastructure, existing residents have to pay 
additional tax to service new development whereas new residents bear less tax burden than the marginal 
cost for the supply of additional public infrastructure they demand (Brueckner 2000). This contradiction 
increases homebuilding by cheapening it, and makes existing residents face the rise in tax burden, along 
with negative externalities induced by new housing construction. In order to tackle this problem, 
jurisdictions have enacted adequate public facility ordinances. 
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Additionally, as long as infrastructure is supplied by homebuilders (and ultimately by 

new residents) and the supplied infrastructure fully accommodates the impacts of newly 

constructed housing, local governments allow any housing construction. 

5.1.1.4 Restrictive Residential Zoning 

Table 7 shows that restrictive residential zoning (GC^) significantly reduces 

homebuilding. Restrictive residential zoning^^ includes large minimum-lot requirement, 

rezoning of residential land to less intense uses like open space or agriculture, and 

required super-majority approval from local legislature or voter approval for allowing 

residential density increases on any lot. In short, restrictive residential zoning seeks to 

suppress permitted residential density on given land, and thus directly constrains the 

amount of housing construction. More significantly, the control inhibits efficient building 

operations (economies of scale), constrains the supply of residentially zoned land, and 

delays regulatory procedures for increasing residential density. For this reason, housing 

construction costs rise and the supply of new housing decreases. The empirical results 

confirm these relationships between restrictive residential zoning and homebuilding. 

However, opposite to expectations, the spatial lag of restrictive residential zoning 

( WJ GCA ) yields a significantly negative effect on housing construction at the level of 

0.05. Clearly, unlike GCA which is based on individual jurisdictions, its spatially lagged 

variable is mostly a weighted average for multiple localities (i.e., neighbors). Although 

This growth control is frequently employed to obstruct construction of multi-family housing and prevent 
inflow of low-income populations (Bates and Santerre 1994). 
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such a difference is considered, the negative effect of the spatially lagged variable seems 

to contradict the estimated impacts of restrictive residential zoning ( GCA )• 

With respect to this unexpected result, it should be noted that the spatial lag of 

restrictive residential zoning (Wi GCA ) is significantly correlated with some of the growth 

control variables (see Table 8). First, correlation between the dummy variable (DGC) 

indicating presence or absence of either of the four growth controls and the spatial lag 

(W2 GC* ) is positive, and significant at 0.05. Second and more important, W2 GC* shows 

the highest positive correlation with restrictive residential zoning (GC*), and the 

correlation is significant even at the level of 0.01. On the other hand, the spatially 

lagged variable shows negative and no correlations with urban growth boundaries and 

APFOs, respectively. Given these results, in localities whose neighbors on average 

implement restrictive residential zoning, housing construction will not be increased by 

spillovers from the neighbors. This is because such localities likely enact restrictive 

residential zoning which has a significantly negative impact on homebuilding. The 

significantly positive correlation between restrictive residential zoning and its spatial lag 

might account for the unexpected parameter estimate of spatially lagged restrictive 

residential zoning. In addition, given the correlation, the parameter estimate suggests that 

restrictive residential zoning might control growth so effectively as to suppress potential 

impacts of spillovers from neighbors' restrictive residential zoning. 

Moran' 1 test for restrictive residential zoning (GC*) at the up-to-25-mile contiguity matrix shows 

positive autocorrelation (Moran's I = 0.112; Z-value: 3.522) at the significance level of 0.01. 
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Table 8 Correlations between Spatial Lag of Restrictive Residential Zoning and Growth Controls 

Variables of Growth Controls Pearson's Correlation Coefficient 

Total Number of Growth Controls (GC) 0.165** 

Presence or Absence of Growth Controls (DGC) 0.113* 

Population Growth or Housing Permit Caps (GCj) 0.152" 

Urban Growth Boundary (GCa) -0.106* 

Adequate Public Facility Ordinances (GC3) 0.052 

Restrictive Residential Zoning (GC4) 0.208** 

*: Significant at a = 0.05; **; Significant at a = 0.01 

Furthemore, the positive correlation implies that many jurisdictions were potentially 

sensitive to the enactment of such zoning by neighbors. In this respect, interdependence 

among pohcy decisions of spatially proximate jurisdictions (Brueckner 1998) is worth 

investigating. Such an investigation can provide an alternative interpretation of the 

counter-intuitive impacts of spatially lagged restrictive residential zoning. 

Interdependence promotes the diffiision of growth controls given political fragmentation. 

That is, if a certain locality enacts restrictive residential zoning, then the proximate 

jurisdictions are highly likely to adopt growth controls, especially such zoning, in order 

to avoid or weaken spillovers. As a result, in the proximate jurisdictions housing 

construction may well be restricted. However, for the analysis of such spatial 

interdependence, the data on annual status of each growth control since the adoption year 

in each jurisdiction is necessary. The survey data of local growth controls in California, 

which this dissertation uses, cannot provide such detailed information. 
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5.1.2 Effects of MSA Dummy Variables 

The parameter estimates for the 24 MSA (or PMSA) fixed effects can describe the 

spatial pattern of homebuilding. The overall pattern shows that all the MSAs (or PMSAs) 

which have significant parameter estimates at either the 0.1 or 0.05 level are located in 

the Los Angeles and San Francisco metropolitan regions and surroundings, except for the 

Fresno MSA (see Table 7). 

In the Los Angeles metropolitan region, the Los Angeles-Long Beach PMSA (LALB, 

Los Angeles County) and the Anaheim-Santa Ana PMSA (ORAM, Orange County) - the 

core of the region - have significantly negative coefficients. On the other hand, the 

Riverside-San Bernardino PMSA (RIVSB, Riverside and San Bernardino Counties) - the 

outlying portion of the region - shows a positive effect on homebuilding. All other things 

being equal, the localities within the Riverside-San Bernardino PMSA have more 

homebuilding and the jurisdictions in the Los Angeles-Long Beach PMSA and the 

Anaheim-Santa Ana PMSA have less homebuilding, compared to non-metropolitan 

localities. This contrast between the core and the outlying area represents the likely shift 

of growth fi-om the core to the periphery. 

Similarly, in the San Francisco metropolitan region, the Oakland PMSA {OAK, 

Alameda and Contra Costa Counties), the core of the region, has less homebuilding than 

non-metropolitan jurisdictions. This is marginally significant at the level of 0.05 (see 

MLE-ERR (9) in Table 7). However, the localities of the Vallejo-Fairfield-Napa PMSA 

(VAL, Napa and Solano Counties), which are located in the outlying area, have 



86 

significantly more housing construction than non-metropolitan jurisdictions. Moreover, 

the Sacramento MSA (SAC, Sacramento, El Dorado, Placer, and Yolo Counties) and the 

Modesto MSA (MOD, Stanislaus County) show significantly positive parameter 

estimates. These MSAs are adjacent to the San Francisco metropolitan region. 

Considering that the San Francisco metropolitan region has a long-standing tradition of 

managing and controlling growth (Landis 1992; Shen 1996), housing construction likely 

-2 A 
shifted from the core towards the outlying area of the region or even beyond. 

5.1.3 Summary 

Based on spatial econometric modeling, this study empirically analyzed the effects 

of local growth controls on homebuilding in California in a cross-sectional manner. The 

empirical model differentiates the individual impacts of various growth controls on the 

supply of new housing, controlling for spatial effects and other variables. As well, it 

covered nearly all the jurisdictions across the state, thereby providing California-wide 

generalized results. 

The results are mainly opposite to expectations. First, only the estimated effect of 

restrictive residential zoning is in accordance with the expected effect. Unlike the other 

three controls, restrictive residential zoning significantly constrained housing 

construction in 1988-1990. This suggests that restrictive residential zoning may have 

caused spillovers of homebuilding across California, compared to other growth controls. 

Fulton (1999, 39) states, "[S]an Joaquin, Stanislaus, and Merced Counties have grown rapidly, largely 
because of spinoff development from the Bay Area, where homebuilders and businesses must deal with 
high land and housing prices." 
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Urban growth boundaries contained housing construction rather than having restricted it 

during 1988-1990. Population growth or housing permit caps, and adequate public-

facility ordinances slightly influenced or had no effects on housing construction. 

In addition, the contrast between restrictive residential zoning and urban growth 

boundaries in the empirically estimated impacts on homebuilding might provide evidence 

for a differentiation between growth control and growth management in the effects on 

housing market. Although this dissertation uses growth control and growth management 

interchangeably, urban growth boundaries can be classified as the latter while restrictive 

residential zoning can belong to the former. Unlike restrictive residential zoning, urban 

growth boundaries seek to minimize growth-induced costs by financially influencing 

homebuilding without directly restricting housing construction. 

Second, only the spatial lag of population growth or housing permit caps shows 

positive effects as expected. Spatial lags of urban growth boundaries and APFOs shows 

no significant effects. The estimated effect of spatially lagged restrictive residential 

zoning is significantly negative. Such an effect of the spatial lag conflicts with the 

estimated impact of restrictive residential zoning, although it should be considered that 

the spatial lagged variable is mostly based on a weighted average value for multiple 

neighbors, not a value of an individual jurisdiction. 

I discuss the possible reasons why the theoretically expected effects are not 

empirically supported. First, urban growth boundaries and adequate public facility 

ordinances likely allow homebuilders to counterbalance rising construction costs by 

increasing housing units through densification (Pendall 2000; Dawkins and Nelson 2002; 



88 

Nelson et al. 2002). The densification does not generate a significant drop in housing 

construction. With respect to population growth or housing permit caps, whether housing 

construction is significantly restricted by the caps can be influenced by how to specify the 

annual quota of building permits (Landis 1992). Second, there may well be a time lag 

until a growth control takes effect. Considering that growth controls spread across 

California, primarily since the early or mid-1980s, land supply constraints (in the case of 

urban growth boundaries) or rising construction costs due to the controls had not yet 

surfaced, and thus homebuilding was not yet significantly reduced in the late 1980s. 

Third, the interdependence in enactment of growth controls among spatially proximate 

jurisdictions (Brueckner 1998) and the resulting spread of growth controls might 

complicate the effects of growth controls on housing construction to produce unexpected 

results. With respect to such spatial processes, many jurisdictions in California might be 

sensitive to the enactment of restrictive residential zoning in neighboring localities and 

the resulting spillovers. This possibility is implied by the significantly positive correlation 

between the variable of restrictive residential zoning and its spatial lag. 

These reasons provide additional hypotheses to be tested for more accurately 

analyzing the impacts of growth controls on housing construction. However, to test such 

hypotheses, data availability problems have to be resolved. Such supplementary analyses 

require detailed data on growth controls - especially adoption years and annual status of 

growth controls - and on the annual housing stock and developable land in each 

jurisdiction. Such data, however, are not available. 
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5.2 Spillovers for Local Jurisdictions 

The cross-sectional analysis of the effects of growth controls on housing construction 

deals with spillovers as a system-wide phenomenon - spillovers across California, 

although the analysis can complement existing studies. For this reason, it fails to index or 

estimate spillovers away from or towards each jurisdiction and identify spillover origins 

and destinations. This limitation inhibits discussing the spatial distribution of spillover 

origins and destinations and the outward progression of spillovers across metropolitan 

regions. To index or estimate spillovers for each jurisdiction, my study employs a quasi-

experimental approach. The approach is based on the modeling of local homebuilding for 

the control period (1975-1980). Using spillover index values of every locality, I 

categorize localities as spillover origins and destinations. 

5.2.1 Indexing of Spillovers for Each Locality 

5.2.1.1 Regression Model for the Control Period 

Equation 2 produces the regression coefficients (pj for the control period, using 

SpaceStat^" connected to ArcView™. The descriptive statistics of the variables (except 

MSA dummy variables) used in Equation 2 are illustrated in Table 9. 

The estimation results from Equation 2 are shown under the section of MLE-LAG-

GHET of Table 10. MLE-LAG-GHET indicates that the groupwise heteroscedasticity 

occurring between the jurisdictions located in the Los Angeles-Long Beach PMSA and 
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Other jurisdictions of California is controlled for.^' In what follows, I briefly describe the 

results illustrated in the MLE-LAG-GHET of Table 10. 

Table 9 Descriptive Statistics of the Variables Used in Equation 2 

Variables Mean Standard Deviation Minimum Maximum 

Ps082 158.804 354.394 0 3,306.557 

W jLnP8082 3.787 0.779 0 5.982 

EHgo 20,168.714 65,586.793 37 1,189,475 

PG7580 0.026 0.066 -0.263 1.184 

VVjLnPG758o 0.025 0.015 -0.012 0.107 

Sample Size: 454 

Note: Since Pgo82 and PGisso have negative values for some jurisdictions, 1 is added to the variables' 

values for all the jurisdictions to enable the natural logarithm of the variables. 

The parameter estimate of the spatially lagged autoregressive variable (Wi LuPm-) 

is negative {p--0.192) and significant at 0.05. This represents spatial interaction in 

homebuilding between one locality and its spatial neighbors within a 50-mile radius. 

Specifically, if homebuilding in one locality increases or decreases, the amount of 

homebuilding in spatial neighbors, on average, changes in the opposite direction. 

After controlling for spatial lag dependence at the up-to-50-mile contiguity matrix, Equation 2 
encountered groupwise heteroscedasticity. 
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Table 10 Regression Model for the Control Period, 1975-1980 

Variables 
OLS MLE-LAG MLE-LAG-GHET 

Variables 
Coefficients t'Value Coefficients z-value Coefficients z-value 

WiLnPgo82 -0.205 -3.097** -0.192 -3.023** 

Intercept -4.321 -15.526** -3.738 -11.412** -4.014 -12.488** 

LnEHso 0.915 29.120** 0.900 29.604** 0.934 30.787** 

IJ1PG7580 5.296 6,263** 5.548 6.822** 5.445 7.024** 

W2L11PG75S0 9.840 2.550** 16.500 3.950** 15.469 3.880** 

BAK 0.387 1.440 0.627 2.338** 0.599 2.362** 

FRES -0.431 -1.883* -0.454 -2.071** -0.451 -2.184** 

LALB -0.840 -5.404** -0.603 -3.615** -0.674 -3.826** 

RTVSB 0.025 0.132 0.158 0.839 0.119 0.664 

ORAN -0.513 -2.464** -0.288 -1.363 -0.373 -1.851* 

VENT -0.199 -0.667 -0.008 -0.027 -0.066 -0.240 

MOD 0.111 0.357 0.189 0.633 0.174 0.617 

OAK -0.303 -1.471 -0.103 -0.496 -0.174 -0.881 

SF -0.791 -4.178** -0.564 -2.874** -0.619 -3.327** 

SJ -0.276 -1.129 -0.010 -0.040 -0.085 -0.364 

sc -0.431 -1.076 -0.237 -0.616 -0.296 -0.810 

SR 0.258 0.833 0.352 1.180 0.325 1.154 

VAL -0.166 -0.585 -0.102 -0.375 -0.113 -0.440 

SAC 0.037 0.148 0.109 0.457 0.087 0.389 

SALl -0.524 -2.008** -0.443 -1.771* -0.461 -1.954* 

SD -0.538 -1.949* -0.199 -0.696 -0.285 -1.053 

SB -0.038 -0.094 0.335 0.830 0.247 -0.646 

STO 0.317 0.917 0.466 1.394 0.422 1.337 

CHIC 0.568 1.282 0.745 1.742* 0.707 1,753* 

REDD -0.405 -0.765 -0.417 -0.822 -0.440 -0.919 

VIS -0.358 -1.167 -0.328 -1.116 -0.348 -1.254 

YUBA 0.372 1.017 0.524 1.481 0.501 1.502 

MER -0.347 -1.013 -0.300 -0.913 -0.314 -1.013 

SLO 0.281 0.821 0.593 1.741* 0.540 1.678* 

Regression 
Diagnostics 

R-Square 
(Adj. R-Square) 

0.7328** 
(0.7159) 

0.7373 0.7743 

Regression 
Diagnostics 

Condition Number 18.948 
Regression 
Diagnostics 

J-B Test 2.791 (DF = 2) Regression 
Diagnostics 

B-P Test 67.359** (DF = 27) 76.705** (DF = 27) 

Regression 
Diagnostics 

Spatial B-P Test 76.708** (DF = 27) 

Regression 
Diagnostics 

LR-GHET 9.944** (DF= 1) 

Tests for 
Spatial 
Dependence 

LR-LAG 9.018** (DF= 1) 

Tests for 
Spatial 
Dependence 

LM-ERR 1.951 (DF= 1) 0.212 (DF= 1) Tests for 
Spatial 
Dependence 

Robust LM-ERR 0.045 (DF - 1) 

Tests for 
Spatial 
Dependence LM-LAG 8.137** (DF=1) 

Tests for 
Spatial 
Dependence 

Robust LM-LAG 6.231** (DF=1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 454 

Note; 1) Spatial lag of residential building permits is based on the up-to-50-mile contiguity spatial weight 
matrix; 2) Spatial lag of annual population growth is based on the up-to-40-mile contiguity spatial weight 
matrix; 3) Test for spatial dependence has been conducted given the up-to-50-mile contiguity spatial weight 
matrix. 
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The existing housing stock in 1980 {EH%o) has a significantly positive effect on the 

average annual number of housing building permits in 1980-1982. Thus, this shows a size 

effect. It implies that a large existing housing stock stimulates new housing construction 

by attracting housing demand rather than dampening such demand because the large 

housing stock may provide plenty of housing opportunities to housing demanders. A 

locality's annual population growth rate in 1975-1980 (PGism ) and annual population 

growth rate of its spatial neighbors within a 40-mile radius (W: LnPGisso) show positive 

mfluences on homebuilding in 1980-1982. This suggests that annual population growth 

in a certain locality and its neighbors strengthen housing demand and thus homebuilding 

in the locality. 

Parameter estimates for some MSA dummy variables turn out to be significant. 

Especially the Los Angeles-Long Beach PMSA (LALB, Los Angeles County) and the San 

Francisco PMSA (SF, San Francisco, Marin, and San Mateo Counties) have significantly 

negative coefficients at the level of 0.05, and the absolute values of the coefficients are 

larger than any other MSAs (or PMSAs). These two PMSAs belong to the core areas of 

the Los Angeles and San Francisco metropolitan regions, respectively. Given this, their 

negative effects seem to show cross-sections of suburbanization from the cores of the 

metropolitan regions in the late 1970s or the early 1980s. Aside from these two PMSAs, 

only the following MSAs have significant coefficients at the 0.1 significance level: 

This dissertation also used the up-to-50-mile and the up-to-25-mile contiguity matrices for the spatial lag 
of annual population growth. But, these two cases did not show more significant regression coefficients 
than the case using the spatially lagged annual population growth based on the up-to-40-mile contiguity 
matrix. 
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Anaheim-Santa Ana {ORAN, Orange County) and Salinas-Seaside-Monterey {SALI, 

Monterey County) have negative effects while Chico {CHIC, Butte County) and San Luis 

Obispo-Atascadero-Paso Robles {SLO, San Luis Obispo County) show positive effects. 

5.2.1.2 Spillover Index 

In order to compute spillover index values, the projected average annual number of 

residential building permits in 1990-1992 is calculated via Equation 3. Specifically, 

Equation 3 uses the observed values of variables for the study period (1985-1990) and the 

partial regression coefficients obtained from Equation 2. Table 11 provides the 

descriptive statistics of the variables used in Equation 3, except MSA dummy variables, 

are provided in. The table also illustrates the descriptive statistics of the two variables 

{PRP9092 and ORP<mi) comprising Equation 4. 

Table 11 Descriptive Statistics of the Variables Used in Equations 3 and 4 

Variables Mean Standard Deviation Minimum Maximum 

A 

LnP'xm 4.021 1.412 -1.945 7.988 

EH90 23.327.51 1 71,904.157 49 1,299,963 

PGSSM 0.027 0.034 -0.143 0.244 

WjLnPGgsgo 0.026 0.018 -0.006 0.097 

PRP9092 139.958 282.898 -0.857 2,942.945 

ORP9092 183.682 376.191 0 3,728 

Sample Size: 454 

Using the projected average annual number of building permits in 1990-1992 

(PRPgtm ) computed for each jurisdiction, Equation 4 produces spillover index (SPI) 
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values. Table 12 presents the descriptive statistics of the SPI values. As the table shows, 

the mean values of SPI for the Los Angeles and San Francisco metropolitan regions are 

both smaller than the mean (1.665) for California. As well, in both metropolitan regions, 

the median values of SPI are smaller than the median (1.081) for the state. According to 

this contrast, compared to California as a whole, the jurisdictions located in the two major 

metropolitan regions are on average more likely to have witnessed outward spillovers. 

Table 12 Descriptive Statistics of SPI Values 

State or Regions Group Size Mean Std. Dev. Minimum Maximum Median 

California 451 1.665 2.486 0.000 32.460 1.081 

Los Angeles 
Metropolitan Region 

146 1.413 2.853 0.062 32.460 0.837 

San Francisco 
Metropolitan Region 

102 1.200 1.050 0.057 5.575 0.868 

Note: For California, three of the total 454 observations are removed because the three observations' 
projected average annual numbers of building permits are negative. For the same reason, two of the total 148 
observations in Los Angeles metropolitan region are removed. 

5.2.2 Categorization of Localities as Spillover Origins or Destinations 

Using the SPI values, local jurisdictions are categorized as spillover origins or 

destinations. Specifically, I apply a clustering algorithm and the four quadrants of the 

Moran scatter plot to the SPI values in sequence. Then, the cross-tabulation is produced 

for the cluster-based and quadrant-based groupings. 
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5.2.2.1 Clustering of Spillover Index Values 

As the first step of categorization, a clustering algorithm (Partitioning Around 

Medoid provided in S-Plus 2000™) is applied to the SPI values of the 451 jurisdictions."^^ 

As a result, four groups are derived. The descriptive statistics and spatial distribution of 

these four groups for California and the Los Angeles and San Francisco metropolitan 

regions are illustrated in Tables 13,14, and 15 and Figures 13, 14, and 15. 

Considering the descriptive statistics of the four groups in the tables, Groups 1 and 2 

are named "Far-Less-Homebuilding-Than-Projected" and "Less-Homebuilding-Than-

Projected," respectively. Group 4 is called "More-Homebuilding-Than-Projected." Group 

3 is called the "Mid-level" group because the SPI values of this group are close to the 

mean values of SPI for California and the Los Angeles and San Francisco metropolitan 

regions, respectively. The group is likely unrelated to the process of spillovers involved 

in growth controls. 

Three out of the 454 jurisdictions are removed because they have negative values for the projected 
average annual number of housing building permits. 
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Figure 13 Cluster-based Groups: California 

Source: By the Author 

Table 13 Descriptive Statistics of Cluster-based Groups: California 

Groups Group Size 
Mean of 

SPI Values 
Minimum Maximum 

Group 1 
(Far-Less-Homebuilding-Than-Projected) 

111 0.295 0.000 0.530 

Group 2 
(Less-Honiebuilding-Than-Projected) 

111 0.784 0.552 1.040 

Group 3 
(Mid-level) 

91 1.342 1.062 1.696 

Group 4 
(More-Homebuilding-Than-Projected) 

138 3.690 1.724 32.460 

Total 451 1.665 



97 

N 

60 05 120 Miles 

fiSM Group 1 

•' _ ;j Group 2 

Group 3 

iW Group 4 

I I No Data 

Figure 14 Cluster-based Groups: Los Angeles Metropolitan Region 

Source: By the Author 

Table 14 Descriptive Statistics of Cluster-based Groups: Los Angeles Metropolitan Region 

Groups Group Size 
Mean of 

SPl Values 
Minimum Maximum 

Group I 
(Far-Less-Homebuilding-Than-Projected) 

43 0.303 0.062 0.530 

Group 2 
(Less-Homebuilding-Than-Projected) 

44 0.774 0.552 1.010 

Group 3 
(Mid-level) 

28 1.318 1.067 1.696 

Group 4 
(More-Homebuilding-Than-Projected) 

31 3.948 1.725 32.460 

Total 146 1.413 

Notes: Two of the total 148 observations in Los Angeles Metropolitan Region are removed because the two 
observations' projected numbers of residential building permits are negative. 
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Figure 15 Cluster-based Groups; San Francisco Metropolitan Region 

Source; By the Author 

Table 15 Descriptive Statistics of Cluster-based Groups: San Francisco Metropolitan Region 

Groups Group Size 
Mean of 

SPI Values 
Minimum Maximum 

Group I 
(F ar-Less-Homebuildi ng-Than-Pro j ected) 

29 0.300 0.057 0.502 

Group 2 
(Less-Homebuilding-Than-Projected) 

30 0.764 0.559 1.040 

Group 3 
(Mid-level) 

21 1.383 1.083 1.639 

Group 4 
(More-Homebuilding-Than-Proj ected) 

22 2.808 1.734 5.575 

Total 102 1.200 
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Figure 13 shows the spatial pattern of the four groups across California. Groups 1 

and 2 are mostly found in the central portions of such major metropolitan regions as Los 

Angeles, San Francisco, and San Diego. Moreover, the two groups are shown in regions 

like the Stockton, Modesto, and Santa Barbara-Santa Maria-Lompoc MSAs. On the other 

hand. Group 4 tends to surround the central portions of the major metropolitan regions, or 

is located east of the Sacramento Valley, in the southern region within the San Joaquin 

Valley, and in the northern part of Cali fornia. In short, whereas Groups 1 and 2 are found 

in core areas of California, Group 4 is mostly located in peripheral portions of the state. 

When looking at the Los Angeles and San Francisco metropolitan regions, this core-

periphery contrast also appears. 

Figures 14 and 15 illustrate the spatial distribution of the four groups in the Los 

Angeles and San Francisco metropolitan regions. Groups 1 and 2 are mostly clustered in 

central parts of the metropolitan regions. Group 4 is on the whole located in incorporated 

cities or unincorporated areas separated from core areas. As shown in Figure 14, in the 

Los Angeles metropolitan region, Groups 1 and 2 are mostly found in the incorporated 

cities clustered within Los Angeles and Orange Counties, the core areas of the region. On 

the other hand, Group 4 is found in suburbs and unincorporated areas - in Los Angeles, 

Orange, and San Bernardino Counties - surrounding or not remotely separated from the 

core. In the San Francisco metropolitan region, Groups 1 and 2 are mostly located in a 

cluster of incorporated cities extending from the Cities of San Francisco and Oakland to 

the City of San Jose (see Figure 15). This large cluster is the core portion of the 

metropolitan region. Group 4 is found around the cluster and in the incorporated cities or 
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unincorporated areas of Contra Costa, Napa, and Solano Counties, which are not distant 

from the core of the metropolitan region. 

The four groups have been used to resolve the issue of how to treat the SPI values 

given the potential errors in the calculation of the values, with respect to categorization. 

Thus, the grouping is not the final categorization of localities as spillover origins or 

destinations. But, the jurisdictions in Groups 1 and 2, and the localities of Group 4 could 

be classified as spillover origins and destinations, respectively. This provisional 

classification is based on the descriptive statistics of each group's SPI values, and the 

spatial distribution of Groups 1, 2, and 4. Yet, the classification does not take into 

account the spillovers as a spatial process. 

5.2.2.2 Moran Scatter Plot of Spillover Index Values 

For the second step of categorization, I group the SPI values, using the four 

quadrants of the Moran scatter plot. This grouping considers the spatial process of 

spillovers. The scatter plot is based on two components of the local Moran statistic for the 

SPI values (see Equation 5): 1) the standardized SPI value of a certain locality, and 2) the 

locality's spatially weighted sum (which is also a weighted average because the sum of 

weights is set to a unity) of its neighbors' deviations from the mean of SPI values, 

divided by the standard deviation of SPI values. These two components represent the 

horizontal (Z_SP) and vertical (W_SP) axes, respectively, of the scatter plot (see Figure 

16). The vertical axis crosses the horizontal axis at the mean of Z_SP, zero while the 
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horizontal axis crosses the vertical axis at the mean of W_SP which is not always zero. 

Here, the mean of W_SP is near 0.004. 

Quadrant 4 
: Low - Hgh 

2.5 -1 

c 
2 -

1.5 -
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Quadrant 1 

: Hgh - Hgh 

• Group 1,2,&4 

o Group 3: Mid-level 
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-5 

Quadrant 2 
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Quadrant 3 
: Hgh - Low 

10 15 

Figure 16 Scatter Plot based on the Components of Local Moran for Spillover Index Values 

Source: By the Author 

(SP/, - SFI)[J: W, {SPI. - 5P/)] 

L M F  = •  

1 

(5) 

TiSPlrSPl) I (SPI-SPI) 

LMf '• Local Moran statistic of a locality i for spillover index values 

SPIi, SPIj • Spillover index values of localities i and j 

SPI: Mean of spillover index values 
Wij '• Up-to-50-mile contiguity spatial weight, if localities i and j neighbor each other, the weight 

is not zero. Otherwise, the weight is zero. The sum of spatial weights for a locality i and all its 
neighbors j is set to a unity. 

n: The number of jurisdictions 
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Figure 16 displays the 353 jurisdictions of Group 1, 2, and 4 and the 90 localities 

classified as Group 3.^'' I describe the jurisdictions in each of the four quadrants in Figure 

16. 

First, the localities belonging to Quadrant 1 (High-High) have SPI values above the 

mean of SPI values (1.665). Simultaneously, the SPI values of the neighbors are on 

average above the mean. In other words, the localities of Quadrant 1 show relatively 

more homebuilding than projected. In addition, within a 50-mile radius the localities are 

highly likely to be surrounded by neighbors having on average more homebuilding than 

projected. In this context, spillovers will potentially progress towards the localities of 

Quadrant 1 and their neighbors, from distant spillover origins. The localities in Quadrant 

1 will be among spatially clustered spillover destinations. 

Second, the Quadrant 2 (Low-Low) group is composed of jurisdictions that have SPI 

values below the mean and whose neighbors on the whole have lower SPI values than the 

mean. These features of the Quadrant 2 group imply that spillovers likely progress 

beyond the group's jurisdictions and their neighbors. Thus, the jurisdictions in Quadrant 

2 are likely to be in clustered spillover origins. This suggests that the spatial shifts of 

housing construction caused by growth controls and the ensuing diffusion of such 

controls among proximate localities may well produce clusters of spillover origins. 

^ The scatter plot does not display eight observations: three incorporated places (Bishop, Blythe, and 
Needles) and five counties (Inyo, Modoc, Mono, San Bernardino, and Trinity). Their local Moran statistics 
are zero because their W_SP values are equal to zero. This means some of them are "islands" having no 
neighbors within 50-niile radius from their (geometric) centroids. In addition, one of the eight observations 
belongs to Group 3 "Mid-level." 
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Third, in Quadrant 3 (High-Low), each locality has a higher SPI value than the mean 

and is neighbored by localities having on average lower SPI values than the mean. Stated 

otherwise, the localities in Quadrant 3 have relatively more homebuilding than projected 

and their within-50-mile neighbors tend to show less homebuilding than projected. Given 

this, the spatial shift of housing construction towards the localities in Quadrant 3 from 

their neighbors is expected. Thus, the Quadrant 3 group will belong to spillover 

destinations. 

Finally, jurisdictions located in Quadrant 4 (Low-High) display SPI values below the 

mean, while their neighbors have on average SPI values above the mean. This is the 

opposite of the Quadrant 3 group. Thus, the spatial shift of homebuilding towards 

neighbors from the localities in Quadrant 4 is probable. This means that the Quadrant 4 

group will be among spillover origins. 

The classification of the SPI values into these four taxonomies is based on the mean 

of SPI values: the dichotomy of "above-mean" and "below-mean" groups. It does not 

fully consider potential errors in the calculation of SPI values. In this respect, the 

taxonomies need to be combined with the four cluster-based groups. 

5.2.2.3 Cross-Tabulation of the Quadrants and Cluster-Based Groups 

As the final step, the cross-tabulation between the four Quadrants and the cluster-

based groups (except Group 3, "Mid-level") is conducted.^'^ The cross-tabulation 

identifies spillover origins and destinations for California and the Los Angeles and San 

This study considers Group 3, "Mid-level" as a group unrelated to spillovers. Thus, this group is 
excluded from the categorization of jurisdictions as spillover origins or destinations. 
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Francisco metropolitan regions. The results are provided in Tables 16, 17, and 18, 

respectively. They support the classification of spillover origins and destinations by the 

quadrant-based grouping. 

Table 16 Cross-Tabulation of Quadrant-based Groups and Cluster-based Groups: California 

Quadrant I 
(High - High) 

Quadrant 2 
(Low - Low) 

Quadrant 3 
(High - Low) 

Quadrant 4 
(Low - High) 

Total 

Group 1 
(Far-Less-Homebuilding-
Than-Projected) 

0 
(20.7) 

96 
(57.4) 

0 
(21.0) 

13 
(9.9) 

109 
(109.0) 

Group 2 
(Less-Homebuilding-
Than-Projected) 

0 
(20.7) 

90 
(57.4) 

0 
(21.0) 

19 
(9.9) 

109 
(109.0) 

Group 4 
(More-Homebuilding-
Than-Projected) 

67 
(25.6) 

0 
(71.2) 

68 
(26.0) 

0 
(12.2) 

135 
(135.0) 

Total 
67 

(67.0) 
186 

(186.0) 
68 

(68.0) 
32 

(32.0) 
353 

(353.0) 

Note: 1) Pearson Chi-Square = 355.135 (DF = 6, Asymp. Sig. = 0.000). 2) Values in parentheses are 
expected counts. 3) Out of the total 454 jurisdictions, 98 localities are removed because their local Moran 
values for SPI are zero or they are classified as 'Mid-level' group by the clustering algorithm. Additionally, 
three jurisdictions are excluded because their projected numbers of building permits, which are used as 
denominators of SPI values, are negative. 

Table 17 Cross-Tabulation of Quadrant-based Groups and Cluster-based Groups: Los Angeles Region 

Quadrant 2 
(Low - Low) 

Quadrant 3 
(High - Low) 

Total 

Group J 
(Far-Less-Homebuilding-Than-Projected) 

42 
(32.0) 

0 
(10.0) 

42 
(42.0) 

Group 2 
(Less-Homebuilding-Than-Projected) 

44 
(33.5) 

0 
(10.5) 

44 
(44.0) 

Group 4 
(More-Homebuilding-Than-Projected) 

0 
(20.5) 

27 
(6.5) 

27 
(27.0) 

Total 
86 

(86.0) 
27 

(27.0) 
113 

(140.0) 

Note: 1) Pearson Chi-Square = 113.0 (DF = 2, Asymp. Sig. = 0.000). 2) Values in parentheses are expected 
counts. 3) Out of the total 148 jurisdictions, 31 localities are excluded because their local Moran values for 
SPI are zero or they are classified as 'Mid-level' group by the clustering algorithm. The number of 
jurisdictions belonging to Quadrants 1 and 4 is 1 and 1, respectively. If these two jurisdictions are included 
in the cross-tabulation, the Chi-Square test is not reliable because the cross-tabulation will produce not a few 
cells having 5 expected counts. Hence, these two localities are also excluded. Finally, another two 
jurisdictions are removed because their projected nimibers of building permits are negative. 
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Table 18 Cross-Tabulation of Quadrant-based Groups and Cluster-based Groups: San Francisco Region 

— Quadrant 2 
(Low - Low) 

Quadrant 3 
(High - Low) 

Total 

Group 1 
(Far-Less-Homebuilding-Than-Projected) 

29 
(21.9) 

0 
(7.1) 

29 
(29.0) 

Group 2 
(Less-Homebuilding-Than-Projected) 

30 
(22.7) 

0 
(7.3) 

30 
(30.0) 

Group 4 
(More-Homebuilding-Than-Projected) 

0 
(14.4) 

19 
(4.6) 

19 
(19.0) 

Total 59 
(59.0) 

19 
(19.0) 

78 
(78.0) 

Note: 1) Pearson Chi-Square = 78.0 (DF = 2, Asymp. Sig. = 0.000). 2) Values in parentheses are expected 
counts. 3) Out of the total 102 jurisdictions, 21 localities are excluded because they are classified as 'Mid-
level' group by the clustering algorithm. In addition, the number of jurisdictions belonging to Quadrants 1 
and 4 is 3 and 0, respectively. In case the three jurisdictions of Quadrant 1 are included in the cross-
tabulation, the Chi-Square test is not reliable because more cells have five expected counts. Thus, the 
localities are excluded. 

As presented in Tables 16, 17, and 18, Quadrants 2 and 4 do not have jurisdictions 

affiliated with Group 4, the "More-Homebuilding-Than-Projected" group. In addition, the 

tables find that there is neither jurisdictions of Group 1 ("Far-Less-Hotnebuilding-Than-

Projected") nor jurisdictions of Group 2 ("Less-Homebuilding-Than-Projected") in 

Quadrants 1 and 3. The Chi-square tests demonstrate that these relationships are 

statistically significant for California as a whole and the Los Angeles and San Francisco 

metropolitan regions. In short, the Quadrant 2 and 4 groups are categorized as spillover 

origins while the Quadrant 1 and 3 groups are classified as spillover destinations. 

Spatially, in the case of Quadrants 1 and 2, the origins or destinations are in clusters. In 

the case of Quadrant 3, the destinations are on average surrounded by the origins. For 

Quadrant 4, the opposite situation unfolds. Additionally, in the two metropolitan regions, 

nearly all of the spillover origins and destinations belong to Quadrant 2 and 3 groups. 
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respectively. On the other hand, very few origins and destinations belong to Quadrants 1 

and 4. 

5.3 Outward Progression of Spillovers 

As shown above, I have computed the spillover index of each locality by using the 

quasi-experimental approach. With the value, the locality is categorized as either a 

spillover origin or a destination. Based on these results, my study investigates the 

outward progression of spillovers given the diffusion of growth controls. Specifically, I 

examine the spatial distribution of spillover origins and destinations, and the relationship 

between the spatial pattern and local growth controls, especially at the metropolitan scale. 

This investigation provides a picture of suburbanization in the major metropolitan regions 

of California. 

5.3.1 Spatial Distribution of Spillover Origins and Destinations 

Figures 17, 18, and 19 map the spatial distribution of spillover origins and 

destinations in California and the Los Angeles and San Francisco metropolitan regions. 

At the state level, spillover origins (Quadrant 2) occupy the core portions of California 

(e.g., central parts of such major metropolitan regions as Los Angeles, San Francisco, and 

San Diego). On the other hand, spillover destinations (Quadrants 1 and 3) are located in 

relatively peripheral and inland portions: for example, the region east of the Sacramento 

Valley, the southern region within the San Joaquin Valley, and outlying areas within the 

^ As Figures 17, 18, and 19 show, the spatial pattern is similar to that of the cluster-based groups. This is 
because of the correlation of the four quadrant-based groups and the cluster-based groups as shown in 
Tables 16, 17, and 18. 
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major metropolitan regions. The Los Angeles and San Francisco metropolitan regions 

show similar patterns; spillover origins are located predominantly at the regional cores, 

while spillover destinations occupy outlying areas (see Figures 18 and 19). Such patterns 

represent the potential outward progression of spillovers in metropolitan regions. 
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Figure 17 Spatial Distribution of Spillover Origins and Destinations: California 

Source: By the Author 
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As showB in Figure 18, a large cluster of spillover origins (Quadrant 2) occupies the 

incorporated cities (such as the City of Los Angeles, Anaheim, Long Beach, and Santa 

Ana) which are concentrated in Los Angeles and Orange Counties. This cluster equates 

with the core of the Los Angeles metropolitan region. Two small clusters of spillover 

origins (Quadrant 2) are found in the Riverside-San Bernardino PMSA, the eastern inland 

part of the Los Angeles metropolitan region. One of the two clusters is located in the 

central portion (the City of Riverside, the City of San Bernardino, and Redlands) of the 

PMSA. This cluster is not remote from the large cluster. The other small cluster, which is 

made up of a few cities like Palm Springs, Rancho Mirage, and Palm Desert, is east of the 

central portion of the PMSA. Spillover destinations (Quadrant 3) are mostly found in the 

unincorporated areas and incorporated cities of Los Angeles and Orange Counties 

surrounding or not remotely separated from the core of the Los Angeles metropolitan 

region. Moreover, some spillover destinations (Quadrant 3) are found not only around the 

small clusters of spillover origins (Quadrant 2) in the Riverside-San Bernardino area but 

also within the large cluster of spillover origins. However, within the large cluster, 

spillover destinations mostly neighbor the City of Los Angeles, Long Beach, Anaheim, 

and Santa Ana, the core cities of the Los Angeles metropolitan region. Such cities belong 

to spillover origins (Quadrant 2). 

In short, in the Los Angeles metropolitan region, spillover origins (Quadrant 2) 

prevail in core portions while spillover destinations (Quadrant 3) mostly occupy outlying 

areas around the cores. Considering this spatial pattem of spillover origins and 

destinations, spillovers likely progressed from the core areas towards the surrounding or 
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relatively outlying areas. And the process likely built on the spread of growth controls 

among neighboring jurisdictions given political fragmentation. Such outward progression 

may well help to explain the process of suburbanization in the Los Angeles metropolitan 

region. 
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Figure 18 Spatial Distribution of Spillover Origins and Destinations: Los Angeles Metropolitan Region 

Source: By the Author 
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In the San Francisco metropolitan region, spillover origins (Quadrant 2) are 

dominant across the south (see Figure 19). Specifically, the origins form a large cluster 

spanning from incorporated cities (e.g., Novato, Corte Madera, and Sausalito) of Marin 

County through the Cities of San Francisco and Oakland, including incorporated places 

(e.g., Palo Alto, Hay ward, San Leandro, and Sunnyvale) of San Mateo, Alameda, Contra 

Costa, and Santa Clara Counties, towards the City of San Jose. This large cluster is the 

core of the San Francisco metropolitan region. Outside this cluster, such incorporated 

places as Walnut Creek and Concord in Contra Costa County constitute a small cluster of 

spillover origins (Quadrant 2). Vallejo in Napa County belongs to the origins as well. 

Additionally, the origins are found in the incorporated places (Santa Cruz and 

Watsonville) and unincorporated portion of Santa Cruz County, and one incorporated 

place (Gilroy) and unincorporated areas of Santa Clara County. These incorporated 

places and unincorporated areas are not distantly isolated from the large cluster. Except 

the 'Mid-level' group, the spillover destinations (Quadrant 3) are found around the large 

cluster of spillover origins (Quadrant 2) and the origins located outside the cluster. This 

spatial pattern shows the potential progression of spillovers from the clustered origins 

(Quadrant 2) within the core area toward destinations (Quadrant 3) surrounding or not 

distant from the core. The pattern indicates the outward progression of spillovers, which 

was likely involved in the spread of growth controls within the San Francisco 

metropolitan region. The outward progression may account for suburbanization in the 

region. 
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Figure 19 Spatial Distribution of Spillover Origins and Destinations; San Francisco Metropolitan Region 

Source: By the Author 

Note; In the San Francisco metropolitan region, the local Moran is not zero for any locality. 

5.3.2 Growth Controls and the Spatial Distribution of Spillover Origins and 
Destinations 

As shown above, the spatial distribution of spillover origins and destinations is 

explored. Focusing on the Los Angeles and San Francisco metropolitan regions, the 

exploration finds that the outward progression of spillovers from the regions' cores likely 

occurred. This outward progression potentially built on the spread of growth controls, 

given political fragmentation. In this respect, the spatial distribution of spillover origins 
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and destinations, from which the outward progression is derived, should be discussed in 

relation to the enactment and diffusion of growth controls. For this purpose, I use 

ANOVA and t-tests for the difference in the mean number or proportion of each growth 

control among the four spillover origin and destination groups. With respect to California 

as a whole, I use a one-way ANOVA. Regarding each of the Los Angeles and San 

Francisco metropolitan regions, t-tests are employed for spillover origins of Quadrant 2 

and destinations of Quadrant 3 because the two groups prevail across the regions. Since 

Quadrants 2 and 4 belong to spillover origins while Quadrants 1 and 3 are destinations, 

Quadrants 2 and 4 are expected to have a higher mean number or proportion than 

Quadrants 1 and 3, for each growth control. The results of the ANOVA and t-tests are 

provided in Tables 19 and 20. 

Table 19 shows the results of the ANOVA for California. The results are unexpected. 

First, in the case of urban growth boundaries (GCi), the spillover destination group of 

Quadrant 1 has a higher proportion than any other group. This is counter-intuitive. 

However, it seems compatible with the estimated effect of urban growth boundaries on 

housing construction that the cross-sectional modeling presents above. Thus, the result 

implies that urban growth boundaries could have the effect of containing growth, instead 

of restricting it. Or, possibly, the constraints on land supply by urban growth boundaries 

were not yet realized during the study period. Second, for population growth or housing 

permit caps (GCi) and restrictive residential zoning ( gCA ), Quadrants 2 and 3 have 

higher mean values than Quadrant 1 and 4. However, Quadrants 2 and 3 represent 

spillover origins and destinations, respectively. This also contradicts expectation. Finally, 



113 

in the case of the proportions of adequate public facility ordinances (GCi), the four 

groups do not show a significant difference. These counter-intuitive results suggest that 

growth controls make no significant difference among spillover origin and destination 

groups. 

Table 19 Results of ANOVA: California 

Growth 
Controls 

Origin: 
Quadrant 2 

Origin: 
Quadrant 4 

Destination: 
Quadrant 1 

Destination: 
Quadrant J 

Total F-value 

Population 
Growth or 
Housing 
Permit Caps 
(GCO 

0.28 

(0.642) 

0.10 

(0.409) 

0.09 

(0.345) 

0.25 

(0.606) 

0.22 

(0.576) 

2.108* 
DF = 3, 303 

Urban Growth 
Boundary 
(GC2) 

0.13 

(0.335) 

0.17 

(0.384) 

0.32 

(0.471) 

0.18 

(0.384) 

0.18 

(0.382) 

3.664** 
DF = 3, 302 

Adequate 
Public Facility 
Ordinances 
(GC3) 

0.32 

(0.466) 

0.31 

(0.471) 

0.38 

(0.490) 

0.30 

(0.462) 

0.32 

(0.469) 

0.362 
DF = 3, 302 

Restrictive 
Residential 
Zoning 
(GC4) 

0.56 

(0.719) 

0.07 

(0.258) 

0.27 

(0.556) 

0.42 

(0.706) 

0.43 

(0.675) 

6.100** 
DF = 3,303 

*: Significant at a = 0.1; **: Significant at a - 0.05; Values in parentheses: standard deviations 

The results of the t-tests for the Los Angeles and San Francisco metropolitan regions 

are consistent with the results of the ANOVA for California. Table 20 shows that the 

prevalence of growth controls does not differ significantly between spillover origins 

(Quadrant 2) and destinations (Quadrant 3) in the Los Angeles and San Francisco 

metropolitan regions. The population growth or housing permit caps in the Los Angeles 

region and the adequate public facility ordinances in the San Francisco region are 
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exceptions. The results suggest that growth controls are not related to the likely outward 

progression of spillovers in each metropolitan region, although the spillover origins are 

primarily clustered at the core and the destinations are at the periphery in the region. 

Table 20 Results of T-Test: Los Angeles and San Francisco Metropolitan Regions 

Growth Controls 
Spillover Origin: 

Quadrant 2 
Spillover Destination: 

Quadrant 3 
t-value 

Los Angeles 
Metropolitan 
Region 

GCi 
0.29 

(0.644) 
0.09 

(0.417) 
1.804* 

DF = 55.549 

Los Angeles 
Metropolitan 
Region 

GC2 
0.06 

(0.247) 
0.04 

(0.209) 
0.364 

DF = 99 Los Angeles 
Metropolitan 
Region GC3 

0.34 
(0.477) 

0.22 
(0.422) 

1.207 
DF = 39.904 

Los Angeles 
Metropolitan 
Region 

GC4 
0.52 

(0.658) 
0.43 

(0.662) 
0.540 

DF= 100 

San Francisco 
Metropolitan 
Region 

GC, 0.23 
(0.609) 

0.53 
(0.743) 

-1.640 
DF = 66 

San Francisco 
Metropolitan 
Region 

GQ 0.17 
(0.379) 

0.13 
(0.352) 

0.334 
DF = 66 San Francisco 

Metropolitan 
Region GQ 0.25 

(0.434) 
0.07 

(0.258) 
1.996* 

DF = 38.722 

San Francisco 
Metropolitan 
Region 

GC4 
0.60 

(0.817) 
0.33 

(0.617) 
1.188 

DF = 66 

*; Significant at a = 0.1 

Notes; 1) GCi, GQ, GCj, and GC4 indicate population growth or housing permit caps, urban growth boundary, 
adequate public-facility ordinances (APFOs), and restrictive residential zoning, respectively. 2) In the case of the 
population growth or housing permit cap (GC,) and APFOs (GCj) in the Los Angeles region and the APFOs 
(GCj) in the San Francisco region, the assumption of equal variances is not satisfied for the t-test. For this 
reason, the degree of freedom is not equal to the subtraction of the number of groups (which is 2, here) from the 
total number of observations. 3) Values in parentheses indicate standard deviations. 

However, the results of t-tests should be interpreted by looking at the spatial 

distribution of spillover origins (Quadrant 2) and destinations (Quadrant 3) in the Los 

Angeles and San Francisco metropolitan regions. As well, the interpretation should 

consider the descriptive statistics of the two groups with respect to growth controls. 

Figures 18 and 19 find that the spillover origins form large clusters in the core areas of 

the metropolitan regions and small clusters outside these cores. On the other hand, the 
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Spillover destinations surround or are not distantly separated from the clusters. In 

addition, Table 20 shows that the spillover origins have a higher mean number or 

proportion than the spillover destinations for each growth control, except population 

growth or housing permit caps in the San Francisco region. In particular, spillover origins 

have a higher mean value than spillover destinations with respect to restrictive residential 

zoning, which turns out to be more constraining than other controls from the cross-

sectional modeling. This shows that restrictive residential zoning, along with other 

growth controls, potentially spread to produce clusters which the spillover origins 

constitute within core areas of metropolitan regions. Given this likelihood and spatial 

proximity, the spillover destinations (Quadrant 3) potentially witnessed or were 

susceptible to the progression of spillovers from the spatially clustered origins (Quadrant 

2). Thus, the spillover destinations have a high likelihood of having enacted growth 

controls to minimize spillover-induced costs or negative externalities. For this reason, 

there are no statistically significant differences between the spatially clustered spillover 

origins and the spillover destinations not distant from the clusters in terms of mean 

number or proportion of each growth control. 

Moreover, spillover destinations most likely implemented growth controls later than 

the spillover origins.^' As a result, the growth control measures which the spillover 

destinations enacted may not have had significant effects, compared to the controls that 

The survey data of local growth controls (Glickfeld and Levine 1992) do not provide information on 
adoption years of growth control or management measures in each jurisdiction that controlled growth as of 
1988. 
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the spillover origins enforced. This possible time lag caused jurisdictions to remain 

spillover destinations. 

Within the context of this alternative interpretation, growth controls are potentially 

involved with the outward progression of spillovers within the metropolitan regions: the 

clustering of spillover origins at the cores amid the diffusion of growth controls, and the 

progression of spillovers beyond clusters towards outlying areas which force the outlying 

localities to control growth. This relationship may well explain suburbanization within 

the two major metropolitan regions of California. 

5.3.3 Summary 

This dissertation examined the spatial distribution of spillover origins and 

destinations in Cahfomia, and specifically, the Los Angeles and San Francisco 

metropolitan regions. The distribution is characterized by clustered spillover origins at 

the cores and spillover destinations surrounding (or not remotely separated from) these 

clusters. From such a spatial pattern at the metropolitan level, the outward progression of 

spillovers is derived. The progression likely builds on the diffusion of growth controls. 

However, the results of the statistical analyses (ANOVA and t-test) on the relationship 

between the spatial distribution and growth controls appear counter-intuitive. The results 

show that local growth controls are not related to the likely outward progression of 

spillovers across each of the two metropolitan regions. But, the alternative interpretation 

suggests that the spread of growth controls potentially produced the clusters of spillover 

origins in the core areas, and then propagated spillovers beyond the clusters towards the 
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outlying areas to prompt outlying jurisdictions to enact growth controls. The 

interpretation is based on the features of the spillover ori gin and destination groups with 

respect to growth controls and the spatial patterns of the groups in the two metropolitan 

regions. From this interpretation, a likely picture of suburbanization in the politically 

fragmented metropolitan regions of California is presented. The picture shows that 

political fragmentation in metropolitan regions allows for the uncoordinated diffusion of 

growth controls, and subsequently, the spread of controls promotes the outward 

progression of spillovers from metropolitan cores over time. 
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6 CONCLUSION 

6.1 Smranary 

This dissertation discussed the spillovers generated by the price effects of growth 

controls, targeting California. My study demonstrated that local growth controls given 

political fragmentation promote suburbanization through the spillover process. 

Specifically, the dissertation had the following research objectives: 1) to analyze 

empirically the price effects of local growth controls in a spatial econometric setting, 

focusing on the impacts of growth controls on local homebuilding; 2) to develop an index 

of spillovers away from or towards each local jurisdiction, and categorize the jurisdiction 

as a spillover origin or destination, in order to examine the process of spillovers at the 

level of a jurisdiction, and; 3) to investigate the outward progression of spillovers amid 

the spread of growth controls in California's politically fragmented metropolitan regions, 

by exploring the spatial distribution of spillover origins and destinations and analyzing 

the relationships between the distribution and local growth controls. To achieve these 

objectives, I reviewed the spillover-related literature to re-emphasize and specify research 

objectives, and undertook the empirical analyses. In what follows, I summarize the 

content of this dissertation. 

Chapter 2 discussed the explanations of U.S. suburbanization. The limitations of the 

existing explanations of suburbanization (or sprawl) - natural evolution, flight-from-

blight, and market failure explanations were pointed out. The principal limitation is that 

they do not consider the effects of land use regulations, especially growth controls, on 
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suburbanization. To confront this deficiency, the chapter provided the spillover-based 

explanation. According to the explanation, spillovers generated by growth controls and 

the outward progression of spillovers amid the spread of growth controls has fueled 

suburbanization, given political fragmentation. In this respect, the explanation 

supplements the existing explanations by recognizing the effects of growth controls on 

suburbanization. The spillover-based explanation functions as the conceptual framework 

for this dissertation. 

Chapter 3 reviewed the spillover-related literature. Many previous studies do not 

deal with spillovers as a primary issue. Specifically, spillovers are presented as a 

secondary process promoting sprawl, or indirectly regarded as the outcome of growth 

controls' price effects. Even studies which pay more attention to spillovers do not 

sufficiently understand them as a spatial process involved in growth controls. The 

literature review re-emphasized and specified the research objectives, and guided the 

empirical portion of the dissertation. 

Chapters 4 and 5 constitute the empirical portion of this dissertation. While Chapter 

4 described the study region, the research methods, and data. Chapter 5 discussed the 

results of the empirical analyses. The results are summarized below: 

First, a spatial econometric model is used to evaluate the price effects of growth 

controls on homebuilding for the period of 1988-1990. In contrast to expectations, urban 

growth boundaries have the effect of accommodating homebuilding, and population 

growth or housing permit caps and adequate public facility ordinances show no 

significant effects on housing construction. On the other hand, restrictive residential 
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zoning has a significantly negative effect on homebuilding. It means restrictive 

residential zoning significantly constrains the supply of new housing. My analysis also 

suggests that restrictive residential zoning might produce spillovers of housing 

construction across California, compared to other growth controls. Moreover, the contrast 

between urban growth boundaries and restrictive residential zoning might reveal a 

difference between growth control and growth management. 

Second, to examine spillovers at the local level, the study indexed spillovers away 

from or towards each locality. With the index values, localities are categorized as 

spillover origins or destinations. The index is produced through a quasi-experimental 

approach that is anchored in the spatial econometric model of local homebuilding for the 

control period. The index is calculated by comparing the observed quantity of residential 

building permits for the study period to the projected quantity gained from the approach. 

The categorization of jurisdictions as spillover origins or destinations builds on the cross-

tabulation of the two groupings of index values. The groupings are derived from a 

clustering algorithm and the four quadrants of the Moran scatter plot, respectively. This 

categorization takes into account spillovers as a spatial process as well as potential errors 

in the calculation of the index values. 

Third, based on the categorization, my dissertation explored the spatial distribution 

of spillover origins and destinations in California and, specifically, the Los Angeles and 

San Francisco metropolitan regions. Then, the relationships between the distribution and 

local growth controls were analyzed for each of the metropolitan regions. The exploration 

found that spillover origins constitute clusters at the core areas of the regions and 
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spillover destinations surround or are near these clusters. The analysis of the relationships 

between the distribution and growth controls considered such features of the spatial 

distribution at the metropolitan scale, and the growth-control statistics of spillover origins 

and destinations. The analysis found that growth controls likely spread to create the 

clusters of spillover origins at the cores, and then the diffusion caused spillovers to 

progress beyond clusters towards outlying areas within each metropolitan region. This 

provides a likely picture of suburbanization in the politically fragmented metropolitan 

regions of California. The picture builds on the relationship between political 

fragmentation, the enactment and diffusion of growth controls, the outward progression 

of spillovers, and suburbanization. 

6.2 Implications and Limitations 

The findings of my dissertation have the following implications. First, the spillover-

based explanation of suburbanization presented in Chapter 2 can be used as the 

theoretical framework for advancing various empirical analyses with respect to local 

growth controls and spillovers. The framework concerns the relationship between 

political fragmentation, growth controls, spillovers, and suburbanization. As well, it 

covers the rationale behind the enactment of growth controls by local governments. At 

the same time, the framework addresses the underlying mechanism - spatial 

interdependence in policy decisions - behind the diffusion of growth controls, given the 

politically fragmented setting which is standard across U.S. metropolitan regions. 
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Second, the analysis of the price effects of growth controls shows how to supplement 

existing empirical studies of the effects. Existing research suffers from limitations such as 

little differentiation among individual impacts of growth controls, the use of inadequate 

spatial units (e.g., MSAs or counties), the use of an insufficient indicator (e.g., housing 

price), and the lack of attention to spatial effects. By empirically analyzing the individual 

effects of growth controls on housing construction, my study contributes to overcoming 

such limitations. The analysis of spatial effects via spatial econometric modeling is 

especially significant. 

Third, the categorization of local j urisdictions as spillover origins or destinations 

allows a more reasonable identification of spillover origins and destinations. Such 

categorization considers potential calculation errors in the spillover index values and the 

characteristics that spillovers show as a spatial process. As such, it avoids an ad hoc 

approach, which simply compares the observed value (e.g., population or the amount of 

housing construction) of each locality for a study period to the projected value in a quasi-

experimental setting. 

Finally, the results have policy implications for housing affordability. The 

dissertation deals with the distinctive effect of each growth control on housing 

construction. It finds that restrictive residential zoning has the effect of constraining 

homebuilding. Stated otherwise, restrictive residential zoning inflates housing prices 

through the restriction of housing construction and, thereby, prices out prospective 

residents, compared to other growth control or management measures. However, the 

empirically estimated impact of urban growth boundaries on housing construction is 
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positive and statistically significant. Moreover, the regulation can conceptually prompt 

homebuilders to increase housing units through densification. This densification strategy 

may not be feasible under restrictive residential zoning tightly suppressing the amount of 

homebuilding. These results suggest the relationship between each growth control and 

housing affordability should be empirically examined to build policies alleviating the 

undersupply of affordable housing due to growth controls as well as costs arising from 

growth. In this respect, urban growth boundaries may well make two goals - supply of 

affordable housing and reduction of costs arising from growth - compatible with each 

other. However, the contribution of urban growth boundaries to supplying affordable 

housing and minimizing growth-induced costs has to be empirically analyzed. Such an 

analysis requires detailed data. 

Despite the implications of this dissertation, my study has limitations. First, although 

the dissertation empirically analyzes the price effects of growth control on local housing 

markets, the study focuses only on homebuilding constrained by growth controls. In other 

words, other aspects of the price effects are not dealt with. This limitation is due to the 

problem of data availability. However, considering that price effects produce spillovers, 

all aspects of these effects need to be considered in studies of spillovers. 

Second, the quasi-experimental approach used to index spillovers cannot control for 

potential impacts of variables other than growth controls. The approach excludes growth 

controls from the modeling of local housing construction for the control period. As well, 

the modeling assumes that the behavior of homebuilders during the period is constant 

through the study period. Given this approach, if the observed amount of homebuilding 
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for the study period in a locality is less or more than projected, the disparity will be 

attributed to the presence or absence of local growth controls. However, omitted variables 

-10 
(e.g., nation-wide economic slump or boom) could have contributed to the disparity. 

Third, the diffusion of growth controls across the metropolitan regions of California 

is not explored on a time-series basis. This limitation is caused by the deficiency of the 

California-wide survey results used as the data of local growth controls. The data set 

provides only the types of growth controls that each jurisdiction enacted as of 1988, not 

the information on the adoption year and annual status of each control. Due to this data 

deficiency, my study suggests that the outward progression of spillovers amid the spread 

of growth controls likely promoted suburbanization in the metropolitan regions, but the 

likelihood is not empirically analyzed. Moreover, the spatial interdependence in 

enactment of growth controls among neighboring jurisdictions fails to be investigated, 

although such an interpretation is needed for a more accurate estimation of growth 

controls' effects on housing construction. 

Fourth, this dissertation deals with growth controls applied to housing construction. 

But, in addition to such controls, those applied to non-residential (e.g., office or 

commercial) development need to be used. This expansion could consider potential 

impacts of such growth controls on the simultaneous interaction between population 

growth and employment growth that many studies discussed as an underlying process of 

In order to overcome this limitation, I tried employing omitted variables such as home mortgage rates, 
prime rates, and construction cost index (E.H. Boeckh Index) for Equation 2, the regression model for the 
control period (1975-1980). But, the resolution of data available for those variables is national, not local. 
For this reason, the equation suffered from perfect multicollinearity, and thus such variables were excluded 
from the equation. Out of the three national-level variables, changes in prime rate for the period of 1975-
1990 are illustrated in Appendix B. 
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suburban growth (Steinnes and Fisher 1974; Steinnes 1977; Boarnet 1994; Henry et al. 

1997). 

Finally, my dissertation should cover features of spillovers in order to deepen 

understanding of suburbanization and deal with housing affordability. The features 

concern population subgroups and housing categories spatially shifted towards outlying 

areas of a metropolitan region. Demographic complexion (e.g., ethnicity, income, and 

life-cycle stage) of housing demand involved in spillovers should be examined, with 

regard to housing affordability. The types (e.g., single-family detached housing, multi-

family housing, and mobile homes) and other characteristics (e.g., density and mixed land 

uses) of housing produced by the homebuilders involved with spillovers need to be 

explored, in order to understand what kind of suburban expansion spillovers promote. 
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APPENDIX A: EQUATIONS 

<The Earlier Version of Equation 1> 

The earlier version of Equation 1 is as follows: 

LnPsm = ^0 + LnEH 90 + <p2 LnINC 90 + <f>iLnPOPm +(t>tLnPGiim+ Wi LnPGim 

Ln WAGE ssss + ̂ 7 LnHPG ssss + GCx +<z>,GC2 + K GCI + <t>n GC, 

Hn W2 GCx + W2 GCa + K W: GC., + <2^,5 Wa GC, 
+ +<Z5,8 5Z) +v 

^8890 : Average amual number of housing building permits issued during 1988-1990 

jEffgo: Number of existing total housing units in 1990, a proxy for existing total housing units in 
1988 when the survey of local growth controls was conducted. 

/iVCpo: Median household income in 1990, a proxy for median household incomc in 1988 
POPn '• Population in 1988 
PGit.: Annual population growth rate, 1985-1988 
Wi LnPGs5u • Spatial lag of annual population growth rate, 1985-1988 
WAGEssss '• Average of annual wage per construction employee, 1985-1988, which is used as a 

proxy for construction cost^' 
HPGsssi '• Annual change in housing price, 1985-1988'*° 
GCi '• Number of population growth or housing permit caps as of 1988 
GC2 • Presence or absence of urban growth boundary as of 1988 ('presence'= 1; 'absence'= 0) 

GCJ - Presence or absence of adequate public facility ordinances as of 1988 ('presence'= 1; 
'absence' = 0) 

GCi '• Number of restrictive residential zoning regulations as of 1988 

W2GC: : Spatial lag of GC, 

W2GC2 Spatial lag of GC2 
WzGC, •• Spatial lag of GCi 

W2GC4: Spatial lag of GC4 

The variable uses the data of Covered Employment and Wages of Construction Industry available from 
the Bureau of Labor Statistics. 

The variable uses Housing Price Index provided by the Office of Federal Housing Enterprise Oversight 
(www.qflieo.gov/house/download.html). Based on single-family housing prices, the index data 
provide metropolitan and state average values. For jurisdictions of non-metropolitan regions, the state 
average of California is used while metropolitan averages are used for other jurisdictions. 

http://www.qflieo.gov/house/download.html
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Wi: Row-standardized distance-based contiguity matrix used to define the spatial  lag of annual 
population growth rate 

W2 • Row-standardized distance-based contiguity matrix used to define the spatial lags of local 
growth controls 

SF: Dummy variable for jurisdictions of the San Francisco metropolitan region (CMSA) 
LA : Dummy variable for jurisdictions of the Los Angeles metropolitan region (CMSA) 
SD : Dummy variable for jurisdictions of the San Diego metropolitan region (MSA) 
SAC: Dummy variable for jurisdictions of the Sacramento metropolitan region (MSA) 
V : Vector of error terms 

The results of this regression model are presented in Tables 31, 32, and 33 in 

Appendix B. 

<The Earlier Version of Equation 2> 

The earlier version of Equation 2 is as follows: 

LnPmi - 70 + HxLnEHso + JJzLnlNCm + f},LnPOPso+fJ^LnPGism + flsWiLnPGism 

+ f ] b  L n  W A G E  n m  +  L n H P G  n m  +  S F  +  ̂ 9  L A  +  7 j o  S D  +  S A C  +  s ,  

Psos2 '• Average annual number of residential building permits, 1980-1982 

EHso '• Existing housing units as of 1980 
INCso: Median household income as of 1980 

POPso '• Population as of 1980 
PGnto '• Annual population growth rate, 1975-1980 
Wj LnPGism • Spatial lag of annual population growth rate, 1975-1980 

WAGEiiw'- Average of annual construction wage per employee, 1978-1980, which is used as a 
proxy for construction cost 

HPGim '• Annual change in housing price, 1978-1980 
SF: Dummy variable for jurisdictions of the San Francisco metropolitan region (CMSA) 
LA: Dummy variable for jurisdictions of the Los Angeles metropolitan region (CMSA) 
SD : Dummy variable for jurisdictions of the San Diego metropolitan region (MSA) 
SAC: Dummy variable for jurisdictions of the Sacramento metropolitan region (MSA) 
Wj; Up-to-40-mile-based contiguity spatial weight matrix (row-standardized) 

: Vector of error terms 

Table 34 in Appendix B presents the results of this regression model. 
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APPENDIX B:TABLES 

Table 21 The Definitions of the 24 MSA (or PMSA) Dummy Variables 

Variables MSA (or PMSA) Constituent Counties 

BAK Bakersfield MSA Kern County 

FRES* Fresno MSA Fresno and Madera Counties 
LALB Los Angeles-Long Beach PMSA Los Angeles County 
RIVSB Riverside-San Bernardino PMSA Riverside and San Bernardino Counties 

ORAN Anaheim-Santa Ana PMSA Orange County 
VENT Oxnard-Ventura PMSA Ventura County 

MOD Modesto MSA Stanislaus County 
OAK Oakland PMSA Alameda and Contra Costa Counties 
SF San Francisco PMSA Marin, San Francisco, and San Mateo Counties 
SJ San Jose PMSA Santa Clara County 
SC Santa Cruz PMSA Santa Cruz County 
SR Santa Rosa-Petaluma PMSA Sonoma County 
VAL Vallejo-Fairfield-Napa PMSA Napa and Solano Counties 
SAC Sacramento MSA El Dorado, Placer, Sacramento, and Yolo Counties 

SALI Salinas-Seaside-Monterey MSA Monterey County 

SD San Diego MSA San Diego County 

SB 
Santa Barbara-Santa Maria-
Lompoc MSA 

Santa Barbara County 

STO Stockton MSA San Joaquin County 
CHIC Chico MSA Butte County 
REDD Redding MSA Shasta County 
VIS V isalia-T ulare-Porterville MSA Tulare County 
YUBA Yuba City MSA Sutter and Yuba County 
MER Merced MSA Merced County 

SLO* 
San Luis Obispo-Atascadero-Paso 
Robles MSA 

San Luis Obispo County 

Note: The definitions and names of MSAs (or PMSAs) follow what is provided by the Office of 
Management and Budget (0MB) in 1990. 

*: Based on the 1993 definitions of MSAs (or PMSAs) provided by the OMB. 
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Table 22 Equation 1: SO-mile Spatial Lag of Population Growth and 50-mile Spatial Lag of Growth Control 

Variables 
OLS 

Coefficients t-value 

OLS - White's HCCM Estimation 

Coefficients z-value 

Tests for 
Spatial 
Dq>endence 

Spatial Weight 
1) 50-mile 
Contiguity 

LM-ERR 0.151 (DF= 1) 

Robust LM-ERR 0.112 (DF- I) 

IM-LAG 1.516 (DF= 1) 

Robust LM-LAG 1.477 (DF= 1) 

2) 40-milc 
Contiguity 

0.023 (DF = 1) 

0.047 (DF = 1) 

0.011 (DF= 1) 

0.035 (DF = 1) 

3) 25-mile 
Contiguity 

1.132 (DF=1) 

0.864 (DF = 1) 

0.278 (DF= 1) 

0.010 (DF = 1) 

4) Queen Contiguity 

7.115** (DF=1) 

3.684* (DF=1) 

3.435* (DF - 1) 

0.004 (DF = 1) 

Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 
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Table 23 Equation 1: 40-niile Spatial Lag of Population Growth and SO-mile Spatial Lag of Growth Control 

Variables 
OLS OLS - White's HCCM Estimation 

Variables 
Coefficients t-value Coefficients z-value 

Intercept -4.341 -12.765** -4.341 -12.325** 

LtiEHgo 0.912 26,008** 0.912 23.587** 

LnPGssss 11.260 7.902** 11.260 5.658** 

WiLnPGssss 10.417 2.868** 10.417 2.376** 

GCi 0.086 1.005 0.086 1.255 

C)C2 0.413 3.264** 0.413 3.979** 

GCs 0.082 0.841 0.082 0.864 

GC4 -0.179 -2.557** -0.179 -2.517** 

WjGCi 0.054 0.140 0.054 0.145 

W2GC2 0.307 0,871 0.307 1.032 

W2GC3 0.100 0,257 0.100 0.289 

W2GC4 -0.452 -1.599 -0.452 -1.752* 

BAK 0.255 0.832 0.255 0.857 

FRES 0.312 1.216 0.312 1.294 

LALB -0.251 -1.270 -0.251 -1.325 

RIVSB 0.552 2.321** 0.552 2.084** 

ORAN -0.348 -1.473 -0.348 -1.365 

VENT -0.100 -0.221 -0.100 -0.251 

MOD 0.593 1.634 0.593 2.382** 

OAK -0.257 -1.085 -0,257 -0.893 

SF -0.247 -1.023 -0,247 -1.032 

SJ 0.015 0.052 0.015 0.063 

sc 0.042 0,097 0.042 0.103 

SR 0.332 0.973 0.332 1.273 

VAL 0.743 2,483** 0.743 3.034** 

SAC 0.787 3.218** 0.787 3.609** 

SALI 0,017 0.054 0.017 0.052 

SD 0.267 0.757 0.267 0.846 

SB -0.474 -1.025 -0.474 -1.052 

STO 0.079 0.204 0.079 0.231 

CHIC 0.430 0.836 0.430 2.416** 

REDD 0.608 1.187 0.608 1.389 

VIS -0.144 -0.420 -0.144 -0.506 

YUBA -0.162 -0.410 -0.162 -0.300 

MER 0.128 0.327 0.128 0.377 

SLO 0.632 1.435 0.632 1.818 

Regression 
Diagnostics 

R-Square 0.7567 (F-value = 34.1217**; DP = 35,384); Adj. R-Square = 0.7345 

Regression 
Diagnostics 

Condition Number 31.203 Regression 
Diagnostics J-B Test 4,402 (DF = 2) 
Regression 
Diagnostics 

B-P Test 52.842** (DF = 35) 

Tests for 
Spatial 
Dependence 

Spatial Weight 
1) 50-mile 
Contiguity 

2) 40-mile 
Contiguity 

3) 25-mile 
Contiguity 

4) Queen Contiguity 

Tests for 
Spatial 
Dependence 

UVI-ERR 0.001 (DF= 1) 0.017 (DF = 1) 0.675 (DF= 1) 9.482** (DF=1) Tests for 
Spatial 
Dependence 

Robust LM-ERR 0.159 (DF=1) 0.854 (DF = 1) 1.313 (DF = 1) 5.027** (DF=1) 

Tests for 
Spatial 
Dependence 

LM-LAG 0.347 (DF = 1) 1.784 (DF = I) 0.197 (DF= 1) 4.456** (DF= 1) 

Tests for 
Spatial 
Dependence 

Robust LM-LAG 0.504 (DF = 1) 2.620 (DF -1) 0.835 (DF - 1) 0.000 (DF -1) 

*; Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 
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Table 24 Equation 1: 25-mile Spatial Lag of Population Growth and 50-mile Spatial Lag of Growth Control 

Variables 
OLS OLS - White's HCCM Estimation 

Variables 
Coefficients t-value Coefficients z-value 

Intercept -4.292 -12.782** -4.292 -12.509** 

LnEHw 0.916 26.131** 0.916 23.927** 

LnFGssss 11.017 7.686** 11.017 5.626** 

WiLnPGgsgg 8.304 2.983** 8.304 2.767** 

GC, 0.082 0.963 0.082 1.200 

QC2 0.426 3.366** 0.426 4.114** 

GCs 0.063 0.645 0.063 0.665 

GC4 -0.185 -2.652** -0.185 -2.610** 

WiGCi 0.070 0.181 0.070 0.181 

W1GC2 0.338 0.956 0.338 1.129 

WjGC'3 0.006 0.015 0.006 0.017 

W2GC4 -0.432 -1.534 -0.432 -1.717 

BAK 0.261 0.854 0.261 0.910 

FRES 0.341 1.342 0.341 1.436 

LALB -0.285 -1.463 -0.285 -1.501 

RIVSB 0.558 2.366** 0.558 2.249** 

ORAN -0.366 -1.552 -0.366 -1.422 

VENT -0.117 -0.259 -0.117 -0.280 

MOD 0.607 1.685* 0.607 2.399** 

OAK -0.312 -1.327 -0.312 -1.078 

SF -0.259 -1.079 -0.259 -1.073 

SJ -0.008 -0.026 -0.008 -0.031 

sc -0.046 -0.108 -0.046 -0.111 

SR 0.249 0.725 0.249 0.962 

VAL 0.705 2.357** 0.705 2.723** 

SAC 0.855 3.555** 0.855 4.057** 

SALI 0.049 0.158 0.049 0.152 

SD 0.244 0.693 0.244 0.766 

SB -0.425 -0.919 -0.425 -0.847 

STO 0.208 0.559 0.208 0.672 

CHIC 0.390 0.758 0.390 2.144** 

REDD 0.507 0.990 0.507 1.090 

VIS -0.130 -0.380 -0.130 -0.467 

YUBA -0.103 -0.261 -0.103 -0.193 

MER 0.138 0.351 0.138 0.394 

SLO 0.633 1.439 0.633 1.793* 

Regression 
Diagnostics 

R-Square 0.7571 (F-value = 34.1987**; DF = 35,384); Adj. R-Square = 0.7350 

Regression 
Diagnostics 

Condition Number 30.999 Regression 
Diagnostics J-B Test 3.229 (DF = 2) 
Regression 
Diagnostics 

B-P Test 51.866** (DF = 35) 

Tests for 
Spatial 
Dependence 

Spatial Weight 
1) 50-mile 
Contiguity 

2) 40-mile 
Contiguity 

3) 25-mile 
Contiguity 

4) Queen Contiguity 

Tests for 
Spatial 
Dependence 

LM-ERR 0.020 (DF=1) 0.058 (DF=1) 0.821 (DF=1) 9.315** (DF= 1) Tests for 
Spatial 
Dependence Robust LM-ERR 0.045 (DF = 1) 0.430 (DF=1) 2.090 (DF - 1) 4.726** (DF=1) 

Tests for 
Spatial 
Dependence 

LM-LAG 0.008 (DF = 1) 0.576 (DF= 1) 0.604 (DF= 1) 4.598** (DF= 1) 

Tests for 
Spatial 
Dependence 

Robust LM-LAG 0.033 (DF=1) 0.948 (DF=1) 1.873 (DF = 1) 0.009 (DF = 1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 
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Table 25 Equation 1; 50-mile Spatial Lag of Population Growth and 40-mile Spatial Lag of Growth Control 

Variables 
OLS 

Coefficients t-value 

OLS - White's HCCM Estimation 

Coefficients z-value 

Tests for 
Spatial 
Dependence 

Spatial Weight 
1) 50-mile 
Contiguity 

LM-ERR 0.152 (DF = 1) 

Robust LM-ERR 0.187 (DF= 1) 

LM-LAG 1.890 (DF=1) 

Robust LM-LAG 1.925 (DF = 1) 

2) 40-mile 
Contiguity 

0.051 (DF=1) 

0.099 (DF=1) 

0.016 (DF=1) 

0.063 (DF = 1) 

3) 25-mile 
Contiguity 

1.072 (DF=1) 

0.710(DF=1) 

0.410 (DF = 1) 

0.049 (DF = 1) 

4) Queen Contiguity 

6.079** (DF= 1) 

3.306* (DF = 1) 

2.773* (DF - 1) 

0.000 (DF = 1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 
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Table 26 Equation 1:40-mile Spatial Lag of Population Growth and 40-mile Spatial Lag of Growth Control 

Variables 
OLS OLS - White's HCCM Estimation 

Variables 
Coefficients t-value Coefficients z-value 

Intercept -4.226 -12.783** -4.226 -11.975** 

LnEHgo 0.914 26.154** 0.914 23.526** 

LnPGssas 11.289 7.976** 11.289 5.894** 

WiLnPOgsgg 10.563 2.870** 10.563 2.437** 

GCi 0.105 1.225 0.105 1.498 

GCz 0.386 3.074** 0.386 3.708** 

GCs 0.050 0.503 0.050 0.534 

GC4 -0.169 -2.430** -0.169 -2.338** 

WjGCi 0.639 1.851* 0.639 1.996** 

WjGCi 0.042 0.139 0.042 0.160 

WjGC, -0.381 -1.066 -0.381 -1.266 

WjGCi -0.340 -1.434 -0.340 -1.481 

BAK 0.264 0.879 0.264 0.854 

FRES 0.480 1.884* 0.480 1.955* 

LALB -0.361 -1.934* -0.361 -1.985** 

RTVSB 0.379 1.669* 0379 1.526 

ORAN -0.477 -2.126** -QAll -1.938* 

VENT -0.532 -1.197 -0.532 -1.507 

MOD 0.541 1.493 0.541 2.260** 

OAK -0.413 -1.836* -0.413 -1.509 

SF -0.436 -1.834* -0.436 -1.838* 

SJ -0.256 -0.902 -0.256 -1.107 

sc -0.175 -0.415 -0.175 -0.449 

SR 0.164 0.488 0.164 0.619 

VAL 0.586 1.988** 0.586 2.410** 

SAC 0.743 3.059** 0.743 3.623** 

SALI -0.061 -0.215 -0.061 -0.195 

SD 0.014 0.044 0.014 0.050 

SB -0.576 -1.288 -0.576 -1.203 

STO -0.012 -0.031 -0.012 0.036 

CHIC 0.451 0.868 0.451 2.475** 

REDD 0.469 0.924 0.469 1.077 

VIS 0.051 0.146 0.051 0.175 

YUBA -0.199 -0.502 -0.199 -0.360 

MER 0.262 0.660 0.262 0.770 

SLO 0.142 0.314 0.142 0.405 

Regression 
Diagnostics 

R-Square 0.7584 (F-value = 34.4477**; DP - 35,384); Adj. R-Square = 0.7364 

Regression 
Diagnostics 

Condition Number 30.592 Regression 
Diagnostics J-B Test 4.388 (DF = 2) 
Regression 
Diagnostics 

B-P Test 54.400** (DF = 35} 

Tests for 
Spatial 
Dependence 

Spatial Weight 
1) 50-mile 
Contiguity 

2) 40-mile 
Contiguity 

3) 25-mile 
Contiguity 

4) Queen Contiguity 

Tests for 
Spatial 
Dependence 

LM-ERR 0.145 (DF=1) 0.173 (DF=1) 1.019 (DF= 1) 8.257** (DF=1) Tests for 
Spatial 
Dependence 

Robust LM-ERR 0.524 (DF = 1) 1.583 (DF=1) 1.527 (DF=1) 4.637** (DF=1) 

Tests for 
Spatial 
Dependence 

LM-LAG 0.253 (DF = 1) 1.551 (DF=1) 0.035 (DF = 1) 3.625* (DF = 1) 

Tests for 
Spatial 
Dependence 

Robust LM-LAG 0.632 (DF=1) 2.960 (DF = 1) 0.543 (DF=1) 0.005 {DF= 1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 
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Table 27 Equation 1; 25-mile Spatial Lag of Population Growth and 40-mile Spatial Lag of Growth Control 

Variables 
OLS 

Coefficients t-value 

OLS - White's HCCM Estimation 

Coefficients 2-value 

Tests for 
Spatial 
Dqjendence 

Spatial Weight 
1) 50-mile 
Contiguity 

LM-ERR 0.241 (DF = 1) 

Robust LM-ERR 0.327 (DF=1) 

LM-LAG 0.002 (DF = 1) 

Robust LM-LAG 0.088 (DF = 1) 

2) 40-inile 
Contiguity 

0.280(DF - I) 

0.835 (DF=1) 

0.361 (DF = 1) 

0.916 (DF = 1) 

3) 25-inile 
Contiguity 

1.152 (DF = 1) 

2.336 (DF = 1) 

0.306 (DF=1) 

1.491 (DF = 1) 

4) Queen Contiguity 

7.766** (DF= 1) 

4.066** (DF = 1) 

3.702* (DF= 1) 

0.002 (DF = 1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 
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Table 28 Equation 1: 50-mile Spatial Lag of Population Growth and 25-mile Spatial Lag of Growth Control 

Variables 
OLS OLS - White's HCCM Estimation 

Variables 
Coefficients t-value Coefficients z-value 

Intercept -4.442 -13.784** -4.442 -12.963** 

LnEHso 0.922 26.464** 0.922 23.709** 

LnPGgsgg 11.103 7.785** 11.103 5,466** 

WiLnPGssss 11.780 2.979** 11.780 2.433** 

GCi 0.082 0.962 0.082 1.142 

GCj 0.351 2.777** 0.351 3.438** 

GC3 0.079 0.818 0.079 0.874 

GC4 -0.180 -2.597** -0.180 -2.560** 

WjGC, 0.411 2.068** 0.411 2.411** 

W2GC2 0.151 0.593 0.151 0.705 

W2GC3 0.015 0.066 0.015 0.066 

WjGC4 -0.389 -2.223** -0.389 -2.352** 

BAK 0.104 0.346 0.104 0.356 

FRES 0.424 1.690* 0.424 1.802* 

LALB -0.306 -1.769* -0.306 -1.853* 

RIVSB 0.442 1.984** 0.442 1.685* 

ORAN -0.442 -2.090** -0.442 -1.880* 

VENT -0.516 -1.347 -0.516 -1.799* 

MOD 0.628 1.841* 0.628 2.804** 

OAK -0.305 -1.434 -0.305 -1.146 

SF -0.312 -1.432 -0.312 -1.478 

SJ -0.062 -0.243 -0.062 -0.308 

SC -0.265 -0.651 -0.265 -0.696 

SR 0.307 0.937 0.307 1.275 

VAL 0.613 2.129** 0.613 2.444** 

SAC 0.729 3.013** 0.729 3,027** 

SALI 0.069 0.239 0.069 0.220 

SD 0.084 0.278 0.084 0.305 

SB -0.592 -1.496 -0.592 -1.456 

STO -0.057 -0.153 -0.057 -0.192 

CHIC 0.537 1.030 0.537 2.953** 

REDD 0.625 1.256 0.625 1.441 

VIS -0.057 -0.165 -0.057 -0.208 

YUBA -0.243 -0.616 -0.243 -0.427 

MER 0.159 0.397 0.159 0.423 

SLO 0.362 0.877 0.362 1.185 

Regression 
Diagnostics 

R-Square 0.7608 (F-value = 34.8956**; DF = 35,384); Adj. R-Square = 0.7390 

Regression 
Diagnostics 

Condition Number 29.774 Regression 
Diagnostics J-B Test 2.830 (DF = 2) 
Regression 
Diagnostics 

B-P Test 50.185** (DF-35) 

Tests for 
Spatial 
Dependence 

Spatial Weight 
1) 50-mile 
Contiguity 

2) 40-mile 
Contiguity 

3) 25-mile 
Contiguity 

4) Queen Contiguity 

Tests for 
Spatial 
Dependence 

LM-ERR 0.413 (DF= 1) 0.002 (DF= 1) 0.503 (DF=1) 4.834** (DF=1) Tests for 
Spatial 
Dependence Robust LM-ERR 0.011 (DF= 1) 0.003 (DF= 1) 0.305 (DF - 1) 2.433 (DF=I) 

Tests for 
Spatial 
Dependence 

LM-LAG 2.035 (DF= 1) 0.054 (DF=1) 0.231 (DF = 1) 2.411 (DF=1) 

Tests for 
Spatial 
Dependence 

Robust LM-LAG 1.632 (DF - 1) 0.054 (DF - 1) 0.033 (DF=1) 0.010 (DF = 1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 
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Table 29 Equation 1: 40-niile Spatial Lag of Population Growth and 25-mile Spatial Lag of Growth Control 

Variables 
OLS OLS - White's HCCMEstimation 

Variables 
Coefficients t-value Coefficients z-value 

Intercqjt -4.386 -13.827** -4.386 -12.954** 

LnEHpo 0.919 26.413** 0.919 23.496** 

LnPGsjss 11.489 8.154** 11.489 5.744** 

WiLnPGgsgg 10.945 3.011** 10.945 2.505** 

GCi 0.081 0.957 0.081 1.143 

GC2 0.358 2.836** 0,358 3.415** 

GC3 omi 1.004 0.097 1.057 

GC, -0.186 -2.679** -0,186 -2.654** 

WzGCi 0.406 2.046** 0.406 2.362** 

W2GC2 0.184 0.719 0.184 0.845 

W1GC3 -0.046 -0.197 -0,046 -0.195 

•W2GC4 -0.456 -2.572** -0.456 -2.705** 

BAK 0.316 1.059 0,316 0,995 

FRES 0.402 1.596 0.402 1.610 

LALB -0.266 -1.511 -0.266 -1.577 

RIVSB 0.460 2.094** 0.460 1.823* 

ORAN -0.416 -1.964* -0.416 -1.758* 

VENT -0.510 -1.332 -0.510 -1.765* 

MOD 0.568 1.637 0.568 2.557** 

OAK -0.306 -L441 -0.306 -1.156 

SF -0.276 -1.257 -0.276 -1.307 

SJ -0.041 -0.159 -0.041 -0.200 

sc -0.259 -0.638 -0.259 -0.683 

SR 0.272 0.831 0.272 1.084 

VAL 0.578 2.009** 0.578 2.212** 

SAC 0.785 3.310** 0.785 3.449** 

SALl 0.122 0.427 0.122 0.408 

SD 0.197 0.667 0.197 0.741 

SB -0.576 -1.456 -0.576 -1.402 

STO -0.089 -0.236 -0.089 -0.295 

CHIC 0.474 0.909 0.474 2.541** 

REDD 0.563 1.132 0.563 1.324 

VIS -0.039 -0.113 -0.039 -0.150 

YUBA -0.175 -0.447 -0.175 -0.319 

MER 0.173 0.433 0.173 0.459 

SLO 0.442 1.078 0.442 1.433 

Regression 
Diagnostics 

R-Square 0.7609 (F-value = 34.9179**; DF = 35, 384); Adj. R-Square = 0.7391 

Regression 
Diagnostics 

Condition Number 29.539 Regression 
Diagnostics J-B Test 2.289 (DF - 2) 

Regression 
Diagnostics 

B-P Test 47,671* (DF = 35) 

Tests for 
Spatial 
Dependence 

Spatial Weight 
1) 50-mile 
Contiguity 

2) 40-mile 
Contiguity 

3) 25-mile 
Contiguity 

4) Queen Contiguity 

Tests for 
Spatial 
Dependence 

LM-ERR 0.040 (DF = 1) 0.038 (DF= 1) 0.363 (DF - 1) 6,837** (DF=1) Tests for 
Spatial 
Dependence 

Robust LM-ERR 0.378 (DF = 1) 1.071 (DF = 1) 0.906 (DF - 1) 3,757* (DF=1) 

Tests for 
Spatial 
Dependence 

LM-LAG 0.512 (DF=1) 2.073 (DF = 1) 0.209 (DF = 1) 3,080* (DF= 1) 

Tests for 
Spatial 
Dependence 

Robust LM-LAG 0.850 (DF=1) 3.106 (DF=1) 0.752 (DF = 1) 0.000 (DF = 1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 
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Table 30 Equation 1: 25-mile Spatial Lag of Population Growth and 25-mile Spatial Lag of Growth Control 

Variables 
OLS OLS - White's HCCM Estimation 

Variables 
Coefficients t-value Coefficients z-value 

Intercept -4.347 -13.879** -4.347 -13.067** 

LnEHgo 0.924 26,569** 0.924 23.855** 

LnPGgsgg 11.189 7.903** 11.189 5.717** 

WiLnPGssss 9,137 3.250** 9.137 2.991** 

GC, 0.077 0.905 0.077 1.070 

GCz 0.370 2.934** 0.370 3.537** 

GC, 0.078 0.811 0,078 0,861 

GC4 -0.194 -2.798** -0,194 -2,761** 

WjGCi 0.420 2,117** 0.420 2,400** 

WjGCi 0.180 0,707 0.180 0.793 

W1GC3 -0.077 -0,329 -0.077 -0.324 

WJGC4 -0,480 -2.699** -0.480 -2.824** 

BAK 0.316 0.195 0.316 1.043 

FRES 0,430 1,062 0.430 1.730* 

LALB -0,289 1,718* -0.289 -1.727* 

RIVSB 0,462 2,130** 0.462 1.971** 

ORAN -0,428 -2.027** -0.428 -1,812* 

VENT -0,527 -1.380 -0.527 -1.802* 

MOD 0,566 1,647 0,566 2,473** 

OAK -0.349 -1.649* -0,349 -L313 

SF -0.267 -1.218 -0,267 -1.263 

SJ -0,036 -0.141 -0.036 -0.178 

sc -0.341 -0.844 -0.341 -0.875 

SR 0,196 0.598 0.196 0.793 

VAL 0.547 1.902* 0,547 2.023** 

SAC 0,850 3.644** 0.850 3.885** 

SALI 0,184 0.641 0,184 0.632 

SD 0.202 0.685 0.202 0.756 

SB -0.517 -1.308 -0,517 -1.125 

STO 0.031 0.085 0,031 0,116 

CHIC 0.457 0.877 0,457 2,399** 

REDD 0.456 0.914 0.456 0.990 

VIS -0.025 -0.073 -0,025 -0.096 

YUBA -0.119 -0.307 -0.119 -0.220 

MER 0.186 0.468 0.186 0.472 

SLO 0.486 1.188 0.486 1.688* 

Regression 
Diagnostics 

R-Square 0.7618 (F-value = 35.0923**; DF- 35,384); Adj. R-Squarc = 0.7401 

Regression 
Diagnostics 

Condition Number 29,383 Regression 
Diagnostics J-B Test 1.522 (DF = 2) 
Regression 
Diagnostics 

B-P Test 47,043* (DF = 35) 

Tests for 
Spatial 
Dependence 

Spatial Weight 
1) 50-mile 
Contiguity 

2) 40-mile 
Contiguity 

3) 25-mile 
Contiguity 

4) Queen Contiguity 

Tests for 
Spatial 
Dependence 

LM-ERR 0,106 (DF = 1) 0,104 (DF=1) 0.436 (DF - 1) 6.081** (DF=1) Tests for 
Spatial 
Dependence 

Robust LM-ERR 0,235 (DF = 1) 0,563 (DF=1) 1.633 (DF = 1) 2.978* (DF= 1) 

Tests for 
Spatial 
Dependence 

LM-LAG 0,059 (DF= 1) 0,632 (DF= 1) 0.725 (DF=1) 3,124* (DF=1) 

Tests for 
Spatial 
Dependence 

Robust LM-LAG 0.187 (DF=1) 1.090 (DF=1) 1.922 (DF=1) 0.021 (DF = 1) 

*: Significant at a = 0.1; **; Significant at a = 0.05; Sample Size = 420 
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Table 31 Results of the Earlier Version of Equation 1: Up-to-25-mile Spatial Lag of Growth Control 

Variables 
OLS (1) OLS (2) OLS (3) 

Variables 
Coefficients l-value Coefficients t-value Coefficients t-value 

Intercept 1.043 0.319 -0.397 -0,120 -0.861 -0.258 

LnEHso 0.868 4.709** 0.900 4.915** 0.923 5.052** 

LnlNCso 0.916 6.527** 0.915 6,537** 0.906 6.470** 

LtiPOPgg 0.051 0.276 0.013 0,073 -0.004 -0.024 

LnPGsgss 11.410 8.502** 11.760 8.948** 11.507 8.666** 

WiPGgsss 13.656 4.230** 12.950 4.493** 10.631 4.475** 

LnWAGEgssg -1.440 -4.125** -1.276 -3.612** -1.213 -3.404** 

IjlHPGg588 -29.343 -4.551** -30.363 -4.818** -30.196 -4.779** 

GCi 0.089 1.120 0.088 1.114 0.084 1.061 

GC2 0.206 1.801* 0.215 1.882* 0.225 1.965* 

GCj 0.046 0.509 0.063 0.703 0.047 0.526 

GC4 -0.134 -2.091** -0.135 -2.119** -0.141 -2.210** 

WjGC, 0.403 2.671** 0.400 2.657** 0.424 2.828** 

W2GC2 0.028 0.140 0.050 0.250 0.044 0.217 

WjGCs 0.041 0.210 -0.066 -0.334 -0.086 -0.432 

WJGC4 -0.348 -2.539** -0.393 -2.862** -0.412 -2.991** 

SF 0.170 0.963 0.096 0.542 0.019 0.109 

LA -0.048 -0.349 -0.070 -0.504 -0.127 -0.904 

SD 0.075 0.293 0.124 0.493 0.077 0.303 

SAC 0.443 2.083** 0.471 2.225** 0.522 2.474** 

Regression 
Diagnostics 

R-Square 
(Adj. R-Square) 

0.7715** 
(0.7607) 

0.7728** 
(0.7620) 

0.7727** 
(0.7619) 

Regression 
Diagnostics Condition Number 402.764 407.994 409.912 
Regression 
Diagnostics 

J-B Test 6.187** (DF = 2) 5.811*(DF = 2) 4.606* (DF = 2) 

Regression 
Diagnostics 

B-P Test 47.063** (DF= 19) 46.811** (DF= 19) 44.372** (DF= 19) 

Test for 
Spatial Dependence 
(Up-to-50-rnile 
Contiguity Weights) 

LM-ERR 0.083 (DF = 1) 0.830 (DF=1) 1.091 (DF= 1) Test for 
Spatial Dependence 
(Up-to-50-rnile 
Contiguity Weights) 

Robust LM-ERR 1.810 (DF = 1) 2.574 (DF = 1) 1.827 (DF= 1) 
Test for 
Spatial Dependence 
(Up-to-50-rnile 
Contiguity Weights) 

LM-LAG 3.602* (DF=1) 1.436 (DF = 1) 0.202 (DF - 1) 

Test for 
Spatial Dependence 
(Up-to-50-rnile 
Contiguity Weights) Robust LM-LAG 5.329** (DF=1) 3.180* (DF=1) 0.938 (DF=1) 

Test for 
Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) 

LM-ERR 2.418 (DF=1) 2.452 (DF=1) 2.995* (DF= 1) Test for 
Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) 

Robust LM-ERR 2,814* (DF=1) 6.681** (DF=1) 4.973** (DF=1) 
Test for 
Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) 

LM-LAG 0.000 (DF = 1) 2.683 (DF = 1) 0.547 (DF= 1) 

Test for 
Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) Robust LM-LAG 0.396 (DF=1) 6.912** (DF=1) 2.526 (DF = 1) 

Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) 

LM-ERR 3.678* (DF=1) 2.768* (DF=1) 3.738* (DF=1) Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) 

Robust LM-ERR 2.725* (DF - 1) 4.157** (DF= 1) 6.632** (DF - 1) 
Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) 

LM-LAG 1.012 (DF= 1) 0.111 (DF= 1) 0.458 (DF= 1) 

Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) Robust LM-LAG 0.059 (DF - 1) 1.500 (DF=1) 3.351* (DF= 1) 

Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) 

LM-ERR 6.286** (DF=1) 9.631** (DF=1) 8.211** (DF= 1) Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) 

Robust LM-ERR 6.562** (DF= 1) 9.713** (DF= 1) 7.604** (DF=1) 
Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) 

LM-LAG 0.666 (DF=1) 1.163 (DF= 1) 1.315 (DF= 1) 

Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) Robust LM-LAG 0.942 (DF = 1) 1.245 (DF = 1) 0.709 (DF = 1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 

OLS (1), (2), and (3) use the up-to-50-mile-based, up-to-40-mile-based, and up-to-25-mile spatial weight 
matrices for spatial lags of annual population growth, respectively, and use the up-to-25-mile spatial weight 
matrix for spatial lags of growth controls. 
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Table 32 Results of the Earlier Version of Equation 1; Up-to-40-mile Spatial Lag of Growth Control 

Variables 
OLS (4) OLS (5) OLS (6) 

Variables 
Coefficients t-value Coefficients t-value Coefficients t-value 

Intercept 1.721 0.523 0.316 0.095 -0.008 -0.002 

LnEHgo 0.796 4.330** 0.834 4.572** 0.856 4.692** 

LnlNCw 0.928 6.564** 0.929 6.595** 0.917 6.508** 

LnPOPgg 0.119 0.644 0.076 0.413 0.060 0.328 

LnPGs588 11.231 8.352** 11.519 8.743** 11.249 8.447** 

WiPGsssa 13.435 4.128** 13.007 4.502** 10.609 4.482** 

LnWAGEssss -1.513 -4.361** -1.356 -3.868** -1.303 -3.691** 

LnHPGgsss -29.872 -4.471** -29.166 -4.603** -29.093 -4.584** 

GC, 0.118 1.527 0.121 1.562 0.116 1.500 

GCj 0.232 2.043** 0.249 2.194** 0.260 2.288** 

GC, 0.027 0.304 0.041 0.455 0.023 0.253 

GC4 -0.129 -2.018** -0.131 -2.069** -0.138 -2.163** 

WjGC, 0.540 2.490** 0.515 2.381** 0.564 2.626** 

W2GC2 0.002 0.009 0.039 0.156 0.033 0.132 

W2GC3 -0.238 -0.845 -0.366 -1.303 -0.401 -1.423 

W2GC4 -0.463 -2.657** -0.514 -2.952** -0.524 -3.008** 

SF 0.166 0.929 0.088 0.493 0.011 0.059 

LA -0.030 -0.214 -0.054 -0.387 -0.110 -0,771 

SD 0.153 0.589 0.198 0.768 0.143 0.551 

SAC 0.429 2.003** 0.461 2.169** 0.514 2.426** 

Regression 
Diagnostics 

R-Square 
(Adj. R-Square) 

0.7712** 
(0.7603) 

0.7729** 
(0.7621) 

0.7728** 
(0.7620) 

Regression 
Diagnostics Condition Number 410.717 416.306 417.620 
Regression 
Diagnostics 

J-B Test 8.498** (DP = 2) 7.822**(DF = 2) 6.269** (DF = 2) 

Regression 
Diagnostics 

B-P Test 43.815** (DF= 19) 42.891** (DF= 19) 41.190** (DF= 19) 

Test for 
Spatial Dependence 
(Up-to-50-inile 
Contiguity Weights) 

LM-ERR 0.257 (DF= 1) 1.137 (DF= 1) 1.410 (DF= 1) Test for 
Spatial Dependence 
(Up-to-50-inile 
Contiguity Weights) 

Robust LM-ERR 2.257 (DF= 1) 2.667 (DF= 1) 1.862 (DF = 1) 
Test for 
Spatial Dependence 
(Up-to-50-inile 
Contiguity Weights) 

LM-LAG 2.491 (DF=1) 0.717 (DF=1) 0.012 (DF=1) 

Test for 
Spatial Dependence 
(Up-to-50-inile 
Contiguity Weights) Robust LM-LAG 4.490** (DF= 1) 2.248 (DF=1) 0.464 (DF = 1) 

Test for 
Spatial Dependence 
(lip-to-40-mile 
Contiguity Weights) 

LM-ERR 3.058* (DF=1) 2.973* (DF=1) 3.457* (DF=1) Test for 
Spatial Dependence 
(lip-to-40-mile 
Contiguity Weights) 

Robust LM-ERR 2.862* (DF= 1) 6.833** (DF= 1) 4.839** (DF=1) 
Test for 
Spatial Dependence 
(lip-to-40-mile 
Contiguity Weights) 

LM-LAG 0.250 (DF=1) 1.375 (DF - 1) 0.083 (DF = 1) 

Test for 
Spatial Dependence 
(lip-to-40-mile 
Contiguity Weights) Robust LM-LAG 0.053 (DF= 1) 5.235** (DF= 1) 1.464 (DF= 1) 

Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) 

LM-ERR 4.349** (DF=1) 3.547* (DF=1) 4.430** (DF= 1) Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) 

Robust LM-ERR 3.156* (DF= 1) 4.626** (DF= 1) 6.775** (DF= 1) 
Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) 

LM-LAG 1.347 (DF=1) 0.025 (DF= 1) 0.260 (DF= 1) 

Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) Robust LM-LAG 0.154 (DF = 1) 1.105 (DF=1) 2.605 (DF = 1) 

Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) 

LM-ERR 6.859** (DF= 1) 9.768** (DF=1) 8.785** (DF= 1) Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) 

Robust LM-ERR 6.861** (DF=1) 9.124** (DF=1) 7.669** (DF=1) 
Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) 

LM-LAG 0.894 (DF = 1) 1.573 (DF=1) 1.704 (DF= 1) 

Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) Robust LM-LAG 0.896 (DF = 1) 0.929 (DF - 1) 0.588 (DF=1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 

OLS (4), (5), and (6) use the up-to-50-mile-based, up-to-40-mile-based, and up-to-25-mile spatial weight 
matrices for spatial lags of annual population growth, respectively, and use the up-to-40-mile spatial weight 
matrix for spatial lags of growth controls. 
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Table 33 Results of the Earlier Version of Equation 1: Up-to-50-mile Spatial Lag of Growth Control 

Variables 
OLS (7) OLS (8) OLS (9) 

Variables 
Coefficients t-value Coefficients t-value Coefficients t-value 

Intercept 1.414 0.436 0.699 0.213 0.369 0.112 

LnEHso 0.830 4.514** 0.898 4.904** 0.924 5.037** 

LnlNCgo 0.958 6.789** 0.956 6.763** 0.945 6.666** 

LnPOPgs 0.084 0.456 0.012 0.066 -0.008 -0.045 

LnPGssss 11.085 8.230** 11.598 8.752** 11.429 8.538** 

WiPGsssa 14.853 4.594** 12.695 4.396** 10.031 4.232** 

LnWAGEssM -1.512 -4.384** -1.425 -4.087** -1.371 -3.893** 

LnHPGssss -27.257 -4.210** -28.566 -4.451** -28.835 -4.480** 

GCi 0.135 1.769* 0.130 1.698* 0.128 1.661* 

GCj 0.255 2.247** 0.267 2.347** 0.278 2.430** 

GC3 0.025 0.276 0.041 0.460 0.026 0.286 

GC4 -0.131 -2.061** -0.135 -2.110** -0.142 -2.214** 

WjGC, 0.383 1.655* 0.269 1.141 0.307 1.306 

WjGCi 0.096 0.322 0.146 0.488 0.184 0.611 

W2GC3 -0.242 -0.760 -0.072 -0.225 -0.165 -0.517 

WJGC4 -0.647 -3.190** -0.615 -3.026** -0.596 -2.927** 

SF 0.214 1.191 0.180 1.000 0.100 0.551 

LA 0.031 0.211 0.029 0.198 -0.019 -0.127 

SD 0.303 1.111 0.329 1.208 0.269 0.978 

SAC 0.388 1.803* 0.447 2.080** 0.507 2.363** 

Regression 
Diagnostics 

R-Square 
(Adj. R-Square) 

0.7717** 
(0.7609) 

0.7707** 
(0.7598) 

0.7700** 
(0.7590) 

Regression 
Diagnostics Condition Number 411.010 414.360 416.187 
Regression 
Diagnostics 

J-B Test 9.038** (DF = 2) 8.602**(DF = 2) 7.080** (DF = 2) 

Regression 
Diagnostics 

B-P Test 46.451** (DF= 19) 43.497** (DF = 19) 42.449** (DF= 19) 

Test for 
Spatial Dependence 
(Up-to-50-mile 
Contiguity Weights) 

LM-ERR 0.658 (DF=1) 1.319 (DF=1) 1.581 (DF=1) Test for 
Spatial Dependence 
(Up-to-50-mile 
Contiguity Weights) 

Robust LM-ERR 2.625 (DF = 1) 2.307 (DF= 1) 1.546 (DF=1) 
Test for 
Spatial Dependence 
(Up-to-50-mile 
Contiguity Weights) 

LM-LAG 1.463 (DF = 1) 0.172 (DF= 1) 0.101 (DF=1) 

Test for 
Spatial Dependence 
(Up-to-50-mile 
Contiguity Weights) Robust LM-LAG 3.430* (DF= 1) 1.160 (DF=1) 0.066 (DF=1) 

Test for 
Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) 

LM-ERR 3.991** (DF= 1) 3.408* (DF=1) 4.174** (DF - 1) Test for 
Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) 

Robust LM-ERR 4.042** (DF - 1) 7.103** (DF=1) 5.764** (DF=1) 
Test for 
Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) 

LM-LAG 0.138 (DF=1) 1.275 (DF=1) 0.099 (DF=1) 

Test for 
Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) Robust LM-LAG 0.190 (DF= 1) 4.970** (DF= 1) 1.689 (DF - 1) 

Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) 

LM-ERR 5.202** (DF = 1) 3.732* (DF=1) 5.016** (DF=1) Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) 

Robust LM-ERR 4.312** (DF=1) 5.066** (DF=1) 7.665** (DF=1) 
Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) 

LM-LAG 0.900 (DF=1) 0.075 (DF= 1) 0.310 (DF=1) 

Test for 
Spatial Dependence 
(Up-to-25-mile 
Contiguity Weights) Robust LM-LAG 0.009 (DF = 1) 1.409 (DF - 1) 2.958* (DF - 1) 

Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) 

LM-ERR 8.131** (DF= 1) 11.732** (DF= 1) 11.136** (DF=1) Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) 

Robust LM-ERR 7.045** (DF= I) 9.774** (DF = 1) 8.723** (DF - 1) 
Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) 

LM-LAG 1.595 (DF=1) 2.551 (DF = 1) 2.785* (DF=1) 

Test for 
Spatial Dependence 
(Queen Contiguity 
Weights) Robust LM-LAG 0.508 (DF=1) 0.593 (DF=1) 0.372 (DF - 1) 

*: Significant at a = 0.1; **: Significant at a = 0.05; Sample Size = 420 

OLS (7), (8), and (9) use the up-to-50-mile-based, up-to-40-niile-based, and up-to-25-mile spatial weight 
matrices for spatial lags of annual population growth, respectively, and use the up-to-50-mile spatial weight 
matrix for spatial lags of growth controls. 



Table 34 Results of the Earlier Version of Equation 2 

Variables Coefficients {-value 

Intercept -0.615 -0.189 

LnEHgo 1.213 6.193** 

LnlNCgo 0.628 3.931** 

LnPOPgo -0.287 -1.461 

LnPG75go 5.926 7.066** 

W2PG7580 16.465 5.335** 

LnW AGEvggo -0.982 -2.851** 

LnHPG7S8o -15.075 -1.795* 

SF -0.166 -0.936 

LA -0.310 -2.277** 

SD -0.557 -2.041** 

SAC 0.065 0.274 

Regression 
Diagnostics 

R-Square 
(Adj. R-Square) 

0.7188** 

(0.7119) 
Regression 
Diagnostics 

Condition Number 311.593 
Regression 
Diagnostics 

J-B Test 4.003 (DF = 2) 

Regression 
Diagnostics 

B-P Test 67.500** (DF= 11) 

Test for 
Spatial Dependence 
(Up-to-50-mile 
Contiguity Weights) 

LM-ERR 0.239 (DF = 1) Test for 
Spatial Dependence 
(Up-to-50-mile 
Contiguity Weights) 

Robust LM-ERR 2.985* (DF= 1) 
Test for 
Spatial Dependence 
(Up-to-50-mile 
Contiguity Weights) 

LM-LAG 3.574* (DF = 1) 

Test for 
Spatial Dependence 
(Up-to-50-mile 
Contiguity Weights) Robust LM-LAG 6.320** (DF = 1) 

Test for 

Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) 

LM-ERR 4.274** (DF = I) Test for 

Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) 

Robust LM-ERR 9.408** (DF = 1) 
Test for 

Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) 

LM-LAG 1.027 (DF = 1) 

Test for 

Spatial Dependence 
(Up-to-40-mile 
Contiguity Weights) Robust LM-LAG 6.161** (DF= 1) 

Test for 

Spatial Dependence 

(Up-to-25-mile 
Contiguity Weights) 

LM-ERR 13.947** (DF = 1) Test for 

Spatial Dependence 

(Up-to-25-mile 
Contiguity Weights) 

Robust LM-ERR 19.539** (DF= 1) 
Test for 

Spatial Dependence 

(Up-to-25-mile 
Contiguity Weights) 

LM-LAG 0.061 (DF= 1) 

Test for 

Spatial Dependence 

(Up-to-25-mile 
Contiguity Weights) Robust LM-LAG 5.653** (DF = 1) 

Test for 

Spatial Dependence 

(Queen Contiguity 

Weights) 

LM-ERR 12.016** (DF - 1) Test for 

Spatial Dependence 

(Queen Contiguity 

Weights) 

Robust LM-ERR 4.308** (DF= 1) 
Test for 

Spatial Dependence 

(Queen Contiguity 

Weights) 
LM-LAG 8.527** (DF= 1) 

Test for 

Spatial Dependence 

(Queen Contiguity 

Weights) Robust LM-LAG 0.818 (DF= 1) 

*: Significant at a = 0.1; **; Significant at a = 0.05; Sample Size = 454 
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Table 35 Changes in Prime Rate, 1975-1990 

Year 1975* 1976* 1977* 1978* 1979* 1980* 1981 1982 

Prime Rate IM 6.84 6.83 9.06 12.67 15.27 18.87 14.85 

Year 1983 1984 1985' 1986* 1987* 1988* 1989* 1990* 

Prime Rate 10.79 12.04 9.93 8.33 8.21 9.32 10.87 10.01 

Source: Statistical Abstract of the United States; Unit; % 

*: Control Period for the Quasi-Experimental Approach 

+: Study Period for the Quasi-Experimental Approach 

As Table 35 shows, the prime rate annually experienced a dramatic rise in 1978-

1981, and then dropped continually until 1988 (except 1984). In 1988-1989, prime rate 

increased, again. But, the increase is smaller than the rise during the earlier period. 

Especially, the prime rate shows a stable pattern during the study period (1985-1990), 

compared to the earlier period which almost corresponds to the control period and 

witness the rapid increase. Considering that prime rate represents one component of 

housing construction costs and thus negatively influence average annual amount of 

residential building permits, the negative effect is expected to have been larger in the 

control period than in the study period. 
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APPENDIX C: MAPS 
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Figure 20 Spatial Distribution of Population Growth or Housing Permit Caps: California 

Source: By the Author 
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Figure 21 Spatial Distribution of Population Growth or Housing Permit Caps: Los Angeles Metropolitan 
Region 

Source: By the Author 
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Figure 22 Spatial Distribution of Population Growth or Housing Permit Caps; San Francisco Metropolitan 
Region 

Source: By the Author 
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Figure 23 Spatial Distribution of Urban Growth Boundaries: California 

Source; By the Author 
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Figure 24 Spatial Distribution of Urban Growth Boundaries; Los Angeles Metropolitan Region 

Source: By the Author 
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Figure 25 Spatial Distribution of Urban Growth Boundaries: San Francisco Metropolitan Region 

Source: By the Author 
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Figure 26 Spatial Distribution of Adequate Public Facility Ordinances: California 

Source: By the Author 
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Figure 27 Spatial Distribution of Adequate Public Facility Ordinances: Los Angeles Metropolitan Region 

Source: By the Author 
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Figure 28 Spatial Distribution of Adequate Public Facility Ordinances: San Francisco Metropolitan Region 

Source: By the Author 
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Figure 29 Spatial Distribution of Restrictive Residential Zoning Regulations: California 

Source: By the Author 
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Figure 30 Spatial Distribution of Restrictive Residential Zoning Regulations: Los Angeles Metropolitan 
Region 

Source: By the Author 



154 

50 

K: 

50 
!!!Sii 

100 Miles 

N 

W E 

S 

Number of Regulations 

f?1 0 
0 1 

I 2 
HH 3 or more 
1 I No Data 

Figure 31 Spatial Distribution of Restrictive Residential Zoning Regulations: San Francisco Metropolitan 
Region 

Source: By the Author 
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Figxire 32 Spatial Distribution of Growth Controls; California 

Source: By the Author 

Note: Growth Controls encompass population growth or housing permit caps, urban growth boundaries, 
APFOs, and restrictive residential zoning this dissertation has so far dealt with. 
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Figure 33 Spatial Distribution of Growth Controls: Los Angeles Metropolitan Region 

Source: By the Author 
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Figure 34 Spatial Distribution of Growth Controls: San Francisco Metropolitan Region 

Source: By the Author 
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Figure 35 Spatial Distribution of Growth-Controlled Jurisdictions: California 

Source: By the Author 

Note; A growth-controlled jurisdiction is defined as a locality that enacted at least one of the growth controls 
(applied to housing construction) dealt with in this dissertation. 
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Figure 36 Spatial Distribution of Growth-Controlled Jurisdictions: Los Angeles Metropolitan Region 

Source: By the Author 
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Figure 37 Spatial Distribution of Growth-Controlled Jurisdictions: San Francisco Metropolitan Region 

Source: By the Author 
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