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Abstract

This study re-examines the 1983 study by Brueckner and Fansler that empirically estima
determinants of urbanized land areas, regressing land area on population, income, transp
costs, and agricultural land values. This study, however, utilizes a larger, more comprehens
set of metropolitan statistical areas over a longer period of time. The estimation results, con
with Bruecker and Fansler, confirm that the simple monocentric model is empirically robust an
the standard economic factors identified by urban economic theory explain the majority of
variation in the sizes the largest US metropolitan regions over the post-war period.
 2005 Elsevier Inc. All rights reserved.

1. Introduction

The debate within the urban policy literature on the causes and consequences
ban sprawl is mature, with much of the more recent literature focused on a more p
definition and measurement of the phenomenon (Bento and Franco [2], Brueckn
Fulton, et al. [7], Galster, et al. [8], Lopez and Hynes [12], and Malpezzi [13]). Bruec
and Fansler’s widely cited paper [5] is the first paper to place the topic of urban s
within standard urban economic theoretical framework. The authors empirically esti
the equation for urban spatial size derived from the standard monocentric urban mo
gressing urban land area on population, income, transportation costs, and agricultu
values. In addition to finding that the parameter estimates of most of these variable
E-mail address: dmcgrath@uic.edu.
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the exception of transportation costs, were significant and consistent with theory, th
timated model explained nearly eighty percent of the variance in urban spatial sizes
their data set. This strong result prompted the authors to conclude that a measured
urban sprawl was warranted; urban structure was, consistent with theory, the resu
orderly economic process.

There were, however, significant limitations in the original data set upon which
early study was based. The authors used a data set of only 40 observations o
urban areas, each contained within one county, observed in only one year (1970)
exploration of the approach taken by these authors in determining whether eco
factors explain the scale of metropolitan areas would help elucidate at least one issu
current debate on urban sprawl.

This research note seeks to revisit the same monocentric urban framework as Bru
and Fansler used in their original study while utilizing a larger, more comprehensive
set that includes observations over multiple years. The methodology employed is
sectional time-series analysis of urbanized land areas, as reported by the Census
for the 33 largest US metropolitan statistical areas from 1950 through 1990. Metr
tan urbanized land areas are regressed on reported measurements of population,
transportation costs, and agricultural land values for each city at each decade. In a
to the standard factors identified by urban economic theory as explaining urban land
a second model with a time trend variable is included. It is hypothesized that the time
variable will capture the other possible systematic factors contributing to urban spati
over time. The following section presents a short review of the economic theory re
to the determination of urban land area and derives the functional form for the mode
in this analysis. It is followed by a discussion of the data and the estimation results,
presenting conclusions for urban policy.

2. Theory

The fundamental urban economic theory relevant to the concept of urban spraw
monocentric urban model of Alonso [1], Mills [17], and Muth [20]. While total urban la
area is not directly a parameter of interest, in the monocentric model it is most close
lated tox̄, the radius of the urbanized area. The equilibrium conditions of the monoce
model are expressed as:

x̄∫
0

2πx

q(x, y, t, u)
dx = n, (1)

r(x̄, y, t, u) = ra, (2)

where theq function gives individual land consumption as a function of the model’s p
meters and ther function gives urban land rent.

Equations (1) and (2) require that the total urban population,n, fits inside the urban
area and that the urban rent atx̄ is equal to the agricultural rent,ra , respectively. Thes

equations determine the equilibrium values foru, the utility level for the metropolitan
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region, and forx̄. The parametersy andt represent household income and transporta
costs respectively. Wheaton [21] first presented a comparative static analysis of (
(2) to identify how the model’s parameters influence urban spatial size. The resu
expressed as:

x̄ = g [n,y︸︷︷︸
+

, t, ra]︸︷︷︸
−

. (3)

Equation (3) indicates that urban spatial size is increasing in population and incom
decreasing in transportation costs and agricultural rent.

As discussed above, Brueckner and Fansler [5] present the only empirical explo
of Eq. (3). Analyzing land area data from approximately 40 small metropolitan reg
from the 1970 census that fit inside one county, the authors find that population, in
and agricultural rent are statistically significant determinants of total urban land area.
ever, they do not find significance for transportation costs, indirectly measured both
percentage of commuters using public transportation and as the percentage of hou
owning one or more automobiles. The authors argue that the significance of the e
cal results support the view that urbanization is primarily the result of a rational m
process and suggest that a dispassionate view of urban sprawl is warranted.

It is well known that the standard monocentric model of urban structure is not an
rate representation of reality and that there are other factors that influence the size o
Over the past several decades, nearly all of the US metropolitan regions have take
more complex, polycentric structure (Fujita and Ogawa [6], Garreau [9], McDonald
and McMillen and McDonald [15]), and it is likely that the appearance of multiple
ployment centers in urban areas has systematically contributed to the increase in ur
land areas throughout the post-war period.

Additionally, fiscal and social disparities between central cities and suburbs have
identified as significantly impacting the spatial scale of metropolitan areas [19]. It is
known that US metropolitan areas are fiscally stratified. Higher income households
their preferences for housing and municipal services by creating fiscally autonomou
urban municipalities, which over the post-war years has accelerated central city dec
well as fueling the suburbanization process. Also recognized, however, is the difficu
empirically capturing these effects [16].

Lastly, market failures in the urban development process may have contributed s
cantly to increased urban spatial scale. Brueckner [3,4] identifies three of these:

(1) the failure of land markets to internalize the social values associated with open
at the urban fringe,

(2) the failure of households to internalize the congestion costs generated in urban
portation, and

(3) the failure of municipal governments to accurately estimate the fiscal burden of
opment.

It is hypothesized that these combined effects—the emergence of polycentric em
ment subcenters, the fiscal stratification of metropolitan regions, and market failures

development process—have all been in operation through the post-war period, and that they
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have systematically contributed to increases in urbanized land areas in the US. It is
hypothesized that the combined influence of these other factors is likely to have b
constant percentage of the urban area at any point in time. If this is true, then the inc
of a time variable,τ , would serve as a proxy variable to control for these combined eff
Thus in this generalized model, the distance to the urban fringe for a given metrop
region,i, at timeτ is a function of the standard variables identified by Wheaton [21]
the additional time variable,τ :

x̄i,τ = f
(
ni,τ , yi,τ , ti,τ , r

a
i,τ , τ

)
. (4)

While the economic literature does not specify a functional form for Eqs. (3) and
the form used for estimation in this study is consistent with logarithmic functional fo
identified for metropolitan density gradients identified by Mills [18]. This is expresse

x̄i,τ = nα
i,τ eβ0+β·Zi,τ +γ τ+ε (5)

whereZ is the vector of the variablesy, t , andra . Taking logs of both sides, the followin
expression is obtained:

ln x̄i,τ = α lnni,τ + β0 + β · Zi,τ + γ · τ + ε. (6)

3. Discussion of data

The key variable of interest is the total urbanized land area in square miles fo
33 largest US metropolitan areas from the decennial US censuses from 1950 t
1990.1 The urbanized land area measurements made by the US Census Bureau
to exclude non-urban (rural) land and measure contiguously developed land. This is
ever, recognized to be an imprecise measure. The general definition of the US C
Bureau requires urbanized development to be at or above a density of 1000 pers
square mile. In the United States, the US Census Bureau defines metropolitan
tical areas by county boundaries in 44 states. Areas of urban development are
defined by major government jurisdictional boundaries, and it is possible that the
risdictional areas can include comparatively large expanses of rural land.2 Using the
expression,A = Πx̄2, these observations have been converted to a proxy variab
city radius equal to (A/Π)1/2. Additional census data include metropolitan area po
lation and real per capita personal income for the years 1950 through 1990 for
metropolitan areas. Table 1 identifies the urbanized land areas in square miles
33 metropolitan areas included in the data, ranked in descending order based o
areas.

A proxy variable for transportation costs is obtained from two sources. The av
annual consumer price index (CPI) for private transportation, published by the Bure

1 The Phoenix, AZ MSA was the 15th largest metro region in 1990. However, due to the unavailab
transportation cost, and agricultural land value data, this MSA was excluded.

2 The exception is metropolitan areas within the 6 New England states (the Boston metro area in this d
These metropolitan areas are defined by the US Census Bureau by municipal boundaries and contain

little rural land.
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Table 1
Total urban land area in square miles

Urbanized area 1950 1960 1970 1980 19

1 New York 1253 1892 2425 2808 296
2 Los Angeles 871 1370 1572 1827 19
3 Chicago 708 960 1277 1498 158
4 Dallas-Fort Worth 262 920 1071 1280 14
5 Houston 270 431 539 1049 117
6 Philadelphia 312 597 752 1015 116
7 Atlanta 106 246 435 905 113
8 Detroit 423 732 872 1044 111
9 Minneapolis-St. Paul 231 657 721 980 10

10 Washington 178 341 495 807 94
11 Boston 345 516 664 857 89
12 San Francisco-Oakland 287 572 681 796 8
13 Pittsburgh 254 525 596 713 77
14 Kansas City 149 282 493 589 76
15 St. Louis 228 323 461 597 72
16 San Diego 133 276 381 611 69
17 Norfolk 62 109 299 418 664
18 Tampa-St. Petersburg 180 218 291 527 6
19 Cleveland 300 587 646 629 63
20 Baltimore 152 220 310 523 59
21 Seattle 123 238 413 485 58
22 Cincinnati 146 242 335 420 51
23 Milwaukee 102 392 457 496 51
24 Riverside-San Bernardino 61 169 310 359 4
25 Denver 105 167 293 439 45
26 San Antonio 90 192 223 354 43
27 Portland 114 192 267 349 38
28 Miami 117 183 259 340 35
29 San Jose 61 223 277 326 3
30 Sacramento 42 134 254 278 3
31 Fort Lauderdale – 124 212 289 32
32 Buffalo 123 160 214 266 28
33 New Orleans 222 267 184 230 27

Total 8010 14,457 18,679 24,104 27,0

Labor Statistics, was obtained for each metropolitan region for each census year. Ho
a major limitation of the regionally reported private transportation CPI measure is
it cannot capture regional differences; it only measures how much prices have ch
in a given area. In an attempt to capture relative private transportation price differe
across US regions, comparative private transportation cost data for 1990, publish
the American Chamber of Commerce, was used to rescale the 1990 CPI data. Arb
setting Atlanta in 1990 to a value of 100, the 1990 values of the other 32 metropolit
gions were adjusted according to their deviation from the national average. The rem
decadal transportation cost figures were transformed to be consistent with adjuste
values. Some of the metropolitan regions were missing CPI data for 1950 and 1960

resulted in a total of 153 complete observations.
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Table 2
Statistical summary of the metropolitan regional data

Variable n Min Max Mean Std. Dev.

MSAULA 153 42 2967 588 498
Urbanized land area total in square
miles for metro region

XBAR 153 3.66 30.73 12.70 5.07
Distance to urban fringe in miles

calculated as the sqrt of
MSAULA/π

MSAPOP 153 136 16,207 2345 2883
Population in thousands for
metropolitan region

RPINC 153 3526 22,049 10,776 3674
Real per capita personal income for the
metro region in 1990$.

APTCPI 153 17.79 111.86 54.34 33.22
Regionally-adjusted private
transportation consumer price index
for the metropolitan region
Atlanta in 1990= 100

RAGVAL 153 132 4056 914 650
Real average per acre agricultural
land value for state of metro region in 1989$

DECADE 153 1 5 3.06 1.42
1= 1950, . . . ,5 = 1990

Agricultural rent at the urban fringe,ra , is proxied by nominal agricultural land p
acre, as reported annually for all states by the USDA Economics and Statistics
and converted to 1990 dollars. The agricultural land values for New York, Philade
Pittsburgh, and Washington DC were calculated as an average for their respective
ing states. For example, Washington DC’s value is the average of values for Virgin
Maryland. Table 2 presents a statistical summary of the data used in this analysis.

4. Estimation results

The parameter estimates for two model specifications are presented in Table 3. M
is based on Eq. (3), using the functional form of Eq. (6). The dependent varia
LNXBAR, the natural log of the transformed variable,x̄, and the independent variabl
include the proxies for the four independent variables ln(N),y, t , andra . The t-statistics
are in parentheses. Model 2 is based on Eq. (6), which includes the time variable,τ , hy-
pothesized to capture the other possible systematic effects discussed above.

The OLS estimation results of Model 1 show that the intercept and the variable
population (LNPOP), real personal income (RPINC), and real agricultural land v

(RAGVAL) are all significant with signs consistent with expectations. However, the co-
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Table 3
OLS estimation results (dependent variable: LNXBAR)

Model 1 Model 2

Intercept −0.641 −0.672
(6.25) (6.33)

LNPOP 0.376 0.382
Natural Log of MSA population in
thousands (24.34) (24.39)

RPINC 0.0000365 0.0000153
Real personal income in 1990$ (5.83) (1.74)

RAGVAL −0.0000467 −0.0000547
Real state average per acre (2.01) (2.42)
agricultural land values in 1989$

APTCPI −0.000169 −0.00255
Regionally-adjusted private (0.24) (2.58)
transportation consumer price index
(Atlanta in 1990= 100)

DECADE – 0.116
1= 1950, . . . ,5 = 1990 (3.33)

AdjustedR2 0.871 0.879

Notes: The absolute values of thet -statistics are presented in parentheses.N = 153. The dependent variable
LNXBAR, which is the natural log of XBAR, the calculated distance to the urban fringe in miles.

efficient of the adjusted personal transportation cost index (APTCPI), is not signifi
though its sign is consistent with theory.

In Model 2, which includes the time trend variable, DECADE, all the coefficient
the independent variables emerge as significant, but the explanatory power of the
improves only slightly. Importantly, the coefficient of the transportation cost varia
APTCPI, is significantly negative, as predicted, and the positive significance of the
variable, DECADE, suggests an independent systematic increase in urban land are
time. The scale of this estimated effect is large, with the parameter indicating that
land areas are on average 2.3% larger per year than can be explained by standard e
factors. While this result lends credibility to the view that market failures in the deve
ment process exist within US metropolitan regions, it is important to emphasize th
economic factors by themselves explain nearly 90% of the variation in the data, an
the addition of the time variable increases the explanatory power of the model by o
percentage point.3

The elasticities of urbanized land area4 with respect to the model’s exogenous variab
as identified by the parameters of Model 2, are evaluated at the sample means. Th
ticity of urban land area with respect to population is 0.76 and shows that a one perce

3 Unreported regressions utilizing a direct measurement of urban land area (the natural log of urban la
in square miles) as the independent variable produce nearly identical estimation results, with the excepti
significance of the constant term.
4 Land area is determined from the expressionA = Πx̄2.
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increase in population leads to less than one percent increase in urban land area.
sult differs substantially from the nearly unitary elasticity value derived by Brueckne
Fansler and suggests that, while average population density of US metropolitan regio
been declining in the post-war years, the maximum density may be increasing.5 Population
differences explain nearly 80% of the variation in the data.6

The elasticity of land area with respect to income is 0.33, which also stands in
contrast to Brueckner and Fansler’s estimate of 1.4. Lastly, the elasticity of land are
respect to transportation costs and agricultural land values are measured at 0.28 a
respectively. These low elasticity values indicate that these three factors, while sign
are clearly not as important as population growth in determining urbanized land are

5. Conclusion

Revisiting Brueckner and Fansler’s approach, this paper explores empirically wh
the spatial sizes of the 33 largest US metropolitan regions over the post-war yea
be explained by the standard economic factors identified by urban economic theor
estimation results presented here suggest that the answer is yes; fundamental ec
factors are of primary importance in determining urban spatial sizes. Changes in p
tion, income, transportation costs, and agricultural land values determine nearly 90%
variation of urbanized land areas within the data. These results strongly support Bru
and Fansler’s assertion that “sprawl is the result of an orderly market process rather
symptom of an economic system out of control” [5, p. 482].

However, it is important to emphasize that one cannot decisively conclude that US
spatial size is socially optimal. The significance of the time variable in Model 2 indic
that factors beyond the “usual suspects” have made a systematic contribution to urb
land areas, and the effect is quite large—about 2.3 percent per year or 26 perc
decade. It is not clear whether this unexplained effect is primarily the result of decentr
spatial employment patterns that have emerged within US metropolitan regions or w
market failures in the urbanization process are in operation.

The results presented here also provide some insight into policies for controllin
ternalities associated with the urbanization process. Most urban scholars concur t
correction of the current under-pricing of private transportation with the US would sub
tially improve the quality of life within US metropolitan regions. The negative significa
of the transportation cost variable in Model 2 indicates that the adoption of policie
directly impact private transportation costs, such as congestion toll and fuel taxes, ca
a direct impact on urban scale. Litman [11] provides convincing evidence that avera
private transportation costs are under-priced by as much as 47%. Had private tran
tion costs been socially optimal, the results presented here suggest that US metro

5 The average population density figures for all 33 metropolitan regions in the data set declined from
persons per square mile in 1950 to a low of 3156 persons per square mile in 1980. In 1990, average dens
data set actually rose slightly to 3189 persons per square mile.
6 An unreported regression of LNXBAR on LNPOP has an adjustedR2 value of 0.783.
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regions would be as much 12% smaller on average.7 To place this finding in perspective,
implies that over 3200 square miles of agricultural land may have been overdevelo
these 33 metropolitan regions alone due to underpriced private transportation. Cert
similar discussion can be made as to under-pricing of agricultural land in land mark
prices that fail to internalize environmental costs of urbanization, specifically hydrolo
sustainability and ecosystem function damages [10]. While the long-term conseque
these losses are still unknown, it is because of these environmental social losses
public debates over the need for effective policies to curtail urban expansion are lik
intensify.

The significance of this study for the debate on urban sprawl is twofold: First,
inforces the fundamental conclusions of Brueckner and Fansler—urban expansion
marily the result of orderly and predictable economic factors. Without question, any f
policies designed to successfully curtail urban spatial growth in the US will need t
gage these powerful economic factors. Second, this study presents evidence that th
been significant systematic increases in urbanized land areas that are not explaine
conventional economic factors identified by the monocentric model. Further resea
needed to ascertain if the unexplained increases in urban land areas stem solely fro
market factors, such as market failures in the development process, or are the result
economic factors such as emergence of multiple employment subcenters or a funda
shift in consumer preferences.
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