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Between 1950 and 1990, the aggregate population of central cities in the
United States declined by 17 percent despite population growth of 72 percent in
metropolitan areas as a whole. This paper assesses the extent to which the
construction of new limited access highways has contributed to central city pop-
ulation decline. Using planned portions of the interstate highway system as a
source of exogenous variation, empirical estimates indicate that one new highway
passing through a central city reduces its population by about 18 percent. Esti-
mates imply that aggregate central city population would have grown by about 8
percent had the interstate highway system not been built.

I. INTRODUCTION

Between 1950 and 1990, the aggregate population of 1950
geography central cities in the United States declined by 17
percent despite population growth of 72 percent in metropolitan
areas as a whole. This paper demonstrates that the construction
of new limited access highways has contributed markedly to this
central city population decline. This explanation is motivated by
the land use theory developed by Alonso [1964], which predicts
that faster commuting times push up the demand for space in
suburbs relative to central cities. A complementary explanation
for suburbanization focuses on changes in the amenity value of
suburbs relative to central cities. Others provide evidence that
the resulting Tiebout sorting [Tiebout 1956] has led people to the
suburbs because of racial preferences interacted with changes in
central city racial composition [Boustan 2006], increases in cen-
tral city problems like crime and blight [Cullen & Levitt 1999],
and the desegregation of central city school districts [Reber 2005].
Estimates presented below indicate that highways can explain
about one-third of the change in aggregate central city population
relative to metropolitan area population as a whole.

The empirical strategy used in this paper exploits the fact
that an observable portion of the national road network was
designed to link far away places and not to facilitate local com-
muting. As a result, some metropolitan areas (MSAs) received
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more interstate highways than others simply because they are
located nearer to other population centers. As such, the empirical
work in this paper essentially compares rates of suburbanization
in metropolitan areas that received many new highways between
1950 and 1990 to those receiving fewer during this period. In
addition, I examine the extent to which highways can explain
different rates of suburbanization across decades within MSAs.
To account for the potential endogeneity of highway assignment,
I instrument for the total number of highways built with the
number of highways in a 1947 national interstate highway plan.
The measure of highways used is the number of “rays” emanating
from central cities. This measure is convenient in that it is some-
what comparable across urban areas with different spatial struc-
tures and is easily observed by inspecting a map.1

This paper demonstrates that innovations to the urban
transportation infrastructure played a key role in influencing
changes in the spatial distribution of the population in U. S.
metropolitan areas between 1950 and 1990. Empirical estimates
in this paper imply that each new highway causes constant ge-
ography central city population to decline by about 18 percent, all
else equal. Using this estimate, I calculate that had the interstate
highway system not been built, instead of declining by 17 percent,
aggregate central city population would have grown by 8 percent.

Table I documents the evolution of the spatial distribution of
the population in metropolitan areas between 1950 and 1990. Panel
A presents trends in aggregate population growth within large
MSAs and panel B presents analogous trends for large MSAs with
central cities located at least 20 miles from a coast, major lake shore
or international border. Table I shows that at 26 percent, the decline
in 1950-definition aggregate central city population was consider-
ably more pronounced in inland central cities than in the more
complete sample. These declines came despite considerable net mi-
gration to metropolitan areas and sizable increases in total central
city population. Aggregate population in central cities as defined by
their political boundaries grew by 38 percent in inland MSAs and 14
percent in the full sample. Trends at the median in each of the two
samples follow similar patterns as the aggregates.

The patterns in Table I suggest that a sizable fraction of
urban population decentralization is independent of boundaries

1. I define rays as limited access highways connecting central cities’ central
business districts to the suburbs.
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determining the provision of local public goods. The fact that
constant geography central city population fell significantly
faster than central city population within political boundaries
implies that space is an important factor needed to explain falling
urban population density. The fact that large inland MSAs saw
sharper declines in central city population than all large MSAs
despite their faster total MSA population growth further sup-
ports this view. Tiebout sorting models imply that people moving
further from the core would endeavor to form new communities
that provide different levels of public services, rather than relo-
cate within the same political jurisdiction. The aggregate data
thus show that there is ample opportunity for a spatial mecha-
nism to be an important driver of urban population decentraliza-
tion, though it may partially interact with a Tiebout sorting
mechanism.2

2. Mieszkowski and Mills [1993] make a similar point, noting that population
dispersal is not just a post-WWII phenomenon in the United States and that
suburbanization has been occurring around the world independent of the geogra-
phy of local political jurisdictions. Nevertheless, there are clearly some public
goods, like crime, that are more neighborhood-based than city-based. This argu-
ment is only relevant for services provided at the city level.

TABLE I
AGGREGATE TRENDS IN SUBURBANIZATION, 1950–1990

1950 1960 1970 1980 1990

Percent
change

1950–1990

Panel A: Large MSAs
MSA population 92.9 115.8 134.0 144.8 159.8 72
Total CC population 44.7 48.5 51.3 49.2 51.0 14
Constant geography CC population 44.7 44.2 42.6 37.9 37.1 �17
N for constant geog. CC population 139 132 139 139 139

Panel B: Large Inland MSAs
MSA population 39.2 48.9 57.0 65.0 73.5 88
Total CC population 16.8 19.7 22.1 22.1 23.2 38
Constant geography CC population 16.8 16.5 15.4 13.3 12.5 �26
N for constant geog. CC population 100 94 100 100 100

Total U. S. population 150.7 178.5 202.1 225.2 247.1 64

Notes: All populations are in millions. CC stands for central city. The sample includes all metropolitan
areas (MSAs) of at least 100,000 people with central cities of at least 50,000 people in 1950. The sample in
Panel B excludes MSAs with central cities located within 20 miles of a coast, major lake shore, or interna-
tional border. MSA populations are for geography as of year 2000. Constant geography central city population
uses 1950 central city geography. Census tract data are not available to build constant geography central city
populations for some small cities in 1960. These cities are assigned a population of 0 for constructing the
aggregates. Reported total U. S. population excludes Alaska and Hawaii.
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This paper proceeds as follows. Section II describes some
relevant institutional details about the establishment of the in-
terstate highway system, argues that a 1947 plan of the system
provides useful exogenous variation in highway assignment
across MSAs, and describes the data. Section III demonstrates
that spatial patterns in residential location are consistent with
predictions of standard land use theory. Section IV discusses the
main estimation results. Finally, Section V concludes.

II. THE INTERSTATE HIGHWAY SYSTEM

The first codified federal involvement in developing a na-
tional highway system came with the Federal Aid Highway Act of
1944. This legislation instructed the roads commissioner to for-
mulate the first of what was to be a series of plans for a national
system of interstate highways. The legislation stipulated that
highways in the planned system should be “. . . so located as to
connect by routes as direct as practicable, the principal metropol-
itan areas, cities, and industrial centers, to serve the national
defense, and to connect at suitable border points with routes of
continental importance in the Dominion of Canada and the Re-
public of Mexico. . .” In its report that shaped the 1944 legislation,
the National Interregional Highway Committee considered the
nationwide distribution of population, manufacturing activity,
agricultural production, the location of post-World War II em-
ployment, a strategic highway network drawn up by the War
Department in 1941, the location of military and naval establish-
ments, and interregional traffic demand (in that order) to inform
its recommended interregional highway system plan [U. S. House
of Representatives 1944]. Furthermore the 1944 highway act does
not mention anywhere that these highways should be designed to
serve local commuting [U. S. Department of Transportation 1977,
p. 277]. States were asked to submit proposals for their portion of
the interstate highway system in response to the recommended
national plan from the Interregional Highway Committee. Over
the following three years, each state highway department nego-
tiated with the federal roads administration over its portion of
the comprehensive national plan. In 1947, roads commissioner
MacDonald approved final proposals from the states for 37,324
miles of roadway to be built to federal interstate standards. This
plan represents most of the system we see built today, some of it
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not to be finished until the 1980s. A map of this 1947 plan is
presented in Figure I.3

Highways in the 1947 plan received minimal federal funding
before the Federal Aid Highway and Highway Revenue Acts of
1956. Most highways that existed in 1956 and ended up as inter-
states were in the plan but funded with state-issued bonds to be
paid off with toll revenues. The 1956 Interstate Highway Act
expanded the mileage in the 1947 plan to a 41,000 mile interstate
system and committed the federal government to pay 90 percent
of the cost of construction. The 1956 plan incorporated some
highways primarily meant for local commuting. With such a
strong commitment by the federal government to build the inter-
state system, it becomes hard to argue that some of it was not
built because of the lack of state funds. The state of the national
road network in 1950 was such that there were only 341 miles of
limited access highways that would be integrated into the inter-
state system. By 1990 the interstate system had grown to 43,420
miles and virtually the entire 1947 plan had been built. During
this time, mileage in the primary sample of 139 metropolitan
areas used in this paper grew from 161 to 16,716.

The 1956 legislation put in place a mechanism by which each
state reported the completion month of each federally funded
interstate highway segment within its borders. It is the resulting
“PR-511” data that represents a key component of the longitudi-
nal analysis done in this paper. The PR-511 data set allows for
separate identification of segments funded as part of the 1956
Federal Highway Act, segments authorized and funded later by
the federal government, locally funded segments, and toll seg-
ments. I combine the PR-511 data with a digital map of the
interstate system to create a data set containing the miles of each
interstate highway in each country in each year between 1950
and 1990.

The primary highway measure used in this paper I refer to as
“rays.” For this analysis, a “ray” is defined as a segment of road
that connects the central business district (CBD) of the central
city with the region outside the central city. If a highway passes

3. The 1944 report outlined a recommended plan of 33,920 miles of interre-
gional highways that looks very similar to the 1947 plan. Michaels [2006] uses
this 1944 plan as an instrument for rural highway construction. I choose the 1947
version because its map includes more detailed road alignments and more cities
that are labeled. Results throughout this paper are not highly sensitive to the
choice of plan used.
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through the central city, it counts as two rays whereas if a
highway terminates in or near the central city it counts as only
one. Rays must pass within one mile of the CBD and serve a
significant area of the MSA outside the 1950-definition central
city to be counted. Highways that split at or near the border of the
1950-definition central city count as multiple rays. Two highways
that pass within one mile of the CBD and converge count as only
one ray in the direction of convergence. Limited-access express-
ways that are not part of the interstate system but satisfy all of
the listed criteria also count as rays, though only when consider-
ing changes in infrastructure between 1950 and 1990.4 After
identifying rays from printed maps, I use the PR-511 data to
quantify construction progress. I count a ray as existing in an
MSA in a given year if at least one mile was open to traffic. The
median number of interstate rays among MSAs in the primary
sample was 0 in 1950 and 1960 and 2 thereafter, with a mean of
2.34 in 1990. As a robustness check, I also consider highways that
pass within four miles of the CBD as an alternate measure. The
correlation between the growth in the two measures of rays
between 1950 and 1990 is 0.76. The correlation between the
growth in interstate rays and total rays is 0.91.

The fact that some urban highways were built without fed-
eral funding is evidence that state and local governments ad-
justed metropolitan area highway infrastructure at least partly
in response to local commuting demand. That states constructed
the urban sections of their planned federally funded highway
system earlier than sections in rural areas is further evidence to
this effect.5 Highway construction is thus unlikely to have been
randomly assigned across MSAs or within MSAs over time.
Therefore, attaining consistent estimates of the effect of high-
ways on suburbanization requires instrumenting for actual urban
highway construction. As such, in long difference regressions
the number of rays in the 1947 plan instruments for actual
rays constructed between 1950 and 1990. In panel regressions

4. I only fully observe the stock of all non-interstate limited access highways
in 1990. Only one of the thirty-nine non-interstate limited access highways in the
primary sample existed in 1950. I could not find data on specific opening years for
eighteen of these roads. Therefore, limited access non-interstate highways are
excluded from all panel regressions.

5. In the primary sample, 22 percent of 1990 MSA interstate mileage had
been completed by 1960, 71 percent by 1970, and 92 percent by 1980. However,
only 16 percent of interstate mileage nationally had been completed by 1960, 68
percent by 1970, and 92 percent by 1980.
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I instrument for the stock of highways with the (potentially
fractional) number of rays that would have existed in each year
had state governments allocated federally funded highway con-
struction uniformly across federally planned interstate highways
within their jurisdictions.

The validity of the 1947 plan as an instrument depends on
the fact that the portion of the system in the plan was designed to
facilitate trade and national defense, not to facilitate metropoli-
tan area development. Further, it requires the availability of data
on control variables that influence suburbanization and are cor-
related with the plan. Finally, it requires that planned rays be a
good predictor of actual rays constructed.

Demographic data from 1940 and 1950 provide support for
the claim that while actual urban highway construction re-
sponded to increased commuting demand, the 1947 plan did not
respond to changes in commuting demand. A regression of the
change in rays between 1950 and 1990 on the change in log MSA
population between 1940 and 1950 yields a highly positive coef-
ficient of 1.85 (se � 0.95). However, the same regression using
planned rays as the dependent variable yields a coefficient that is
not significantly different from 0 of �0.43 (se � 0.87). Because
MSA population growth rates are highly serially correlated, a
similar pattern emerges when examining the relationship be-
tween rays and population growth from 1950 to 1990. Moreover,
non-white population and percent high school graduate in 1950
cannot predict either observed highway construction or planned
rays.

While planned rays are unrelated to MSA population growth,
the level of MSA population is a good predictor of planned rays.
Regressions of rays on log 1940 MSA population yield large and
significant coefficients for actual rays constructed between 1950
and 1990 and planned rays alike. Together, these results give
some indication that the federal government planned more high-
way construction in big cities as they existed in 1940, not to serve
fast growing cities or cities that may have had pressures for racial
or social segregation.6 Because central city population is likely to
be a function of MSA population, these results also indicate the

6. The level of MSA population in 1910 is also a good predictor of planned
highways. However, MSA population growth between 1910 and 1950 cannot
predict the number of rays in the plan.
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importance of holding population levels constant in an evaluation
of the effect of rays on suburbanization.

First stage results reported in Table II show that the number
of planned rays is a strong predictor of actual highway construc-

TABLE II
FIRST STAGE RESULTS

LARGE MSAS IN 1950

Panel A: Long difference 1950–1990

Change in Rays

1 2 3

Rays in the plan .677 .526 .510
(.074)** (.076)** (.074)**

1950 Central city radius .325 .306
(.071)** (.072)**

Change in simulated log income �.939
(1.819)

Change in log of MSA population
.856

(.279)**
Constant .866 .218 .463

(.218)** (.247) (1.231)

Observations 139 139 139
R-squared .38 .47 .50

Panel B: Full panel 1950–1990

Rays Smoothed Rays

1 2 4 5

Smoothed rays in plan .826 .448 .833 .712
(.029)** (.040)** (.023)** (.030)**

Log simulated income 1.563 .198
(.234)** (.179)

Log MSA population .170 .591
(.200) (.154)**

MSA Fixed effects Yes Yes Yes Yes

Groups 132 132 132 132
R-squared .55 .84 .67 .88

Notes: Panel A shows the first stage results for the regressions in Table IV. Panel B shows the first stage
results for the regressions in Table VI. Listed specification numbers match those in the corresponding second
stage tables. “Smoothed rays” is calculated by multiplying the stock of rays in 1990 in each MSA by the
fraction of these rays’ mileage that is completed at each point in time. “Smoothed rays in the plan” is
calculated by multiplying the number of rays in the 1947 plan by the fraction of federally funded highway
mileage in the 1956 Federal Aid Highway Act completed at each point in time. All coefficients remain
significant when estimated using the more selected sample in Table I Panel B.
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tion. Table II Panel A shows that conditional on control variables,
each planned ray results in a precisely estimated average of 0.51
actual rays being built. Panel B shows that first stage results
using the full panel variation in the data and including MSA fixed
effects are similar, with coefficients of 0.45 for discrete rays and
0.71 for a measure of smoothed rays. That these coefficients are
less than one is evidence that cities receiving many rays in the
plan routed some away from their central business districts.
Commensurate with the observed positive and significant first-
stage relationship between MSA population growth and endoge-
nous road construction, fast-growing metropolitan areas that re-
ceived few rays in the plan substituted with highways that were
locally funded or were added to the federally funded planned
system after 1947.

Data for counties and central cities are taken from the
County and City Data Books and aggregated to form MSAs. I
hold MSA geography constant over time using definitions from
2000. I choose MSA definitions from the end of the study
period so as to keep total MSA population as comparable as
possible over time. I relegate all but the largest central city in
each MSA, based on 1950 population, to be part of the suburbs.
I use this central city definition in order to facilitate inclusion
of central city data from 1950 in the analysis. Only the 139
MSAs of at least 100,000 inhabitants with central cities of
at least 50,000 people in 1950 are included in the primary
sample. As a robustness check, I replicate all results for all 240
MSAs for which there exist central city data in both 1950 and
1990.

One particularly vexing issue is that over half of the central
cities in the sample annexed land over time as their populations
decentralized. This phenomenon is especially widespread outside
the Northeast and Midwest. It would be difficult to account for
this problem with theory or econometrics given that city size
expansion clearly was endogenous to suburbanization. As such, I
used printed census maps from 1950 to match digital maps of
1970 and 1980 census tracts to 1950 geography. I then aggregated
census tracts based on these visual comparisons such that the
aggregate 1970 and 1980 areas matched as closely as possible to
the land area of the 1950 city geography. In order to avoid un-
derstating post-1950 population, the post-1950 central city area
was constructed to always exceed the reported 1950 area. The
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Data Appendix contains a more complete description of the data
construction.

III. HIGHWAYS AND THE SPATIAL DISTRIBUTION OF RESIDENCES

The land use theory first developed extensively by Alonso
[1964], Mills [1967], and Muth [1969] proposes a mechanism by
which improvements in the transportation infrastructure may
cause suburbanization. In its simplest form, this theory assumes
all employment occurs at a central location and the rental rate of
land adjusts as a function of distance from the center to compen-
sate for different commuting times of identical agents. A standard
extension allows for heterogeneity in various factors that affect
the demand for space and the value of commuting time.

One basic implication of this model is that a higher commuting
speed implies lower population density. The introduction of a new
highway ray results in an outward shift in the supply of land
available for a given commuting time in a section of the city. This
causes the equilibrium rental rate of land to fall throughout the
metropolitan area, thereby reducing the population density through
a price effect. Since the average commuting distance falls, individ-
uals’ income net of commuting cost rises. If space is a normal good,
a new ray thus further reduces population density, and by extension
central city population, through an income effect.

Baum-Snow [2007] demonstrates that this framework pro-
vides three implications that are evaluated in the empirical work
in the remainder of this paper. First, population in metropolitan
areas should spread out along new highways. Second, central city
population should increase with metropolitan area population
and the radius of the central city. Finally, central city population
should decline with the number of highway rays. Commensurate
with the second and third predictions and the aggregate data
presented in Table I, the primary dependent variable used is the
difference in log central city population, where the central city is
defined by its 1950 geography. A monocentric land use model
adapted to incorporate radial commuting highways implies that
central city population is a function of the number of rays, the
radius of the central city, MSA population, and the distribution of
income.

Observed spatial patterns of residential development accu-
rately follow predictions of this theory in many cities. As an
example, Figure II shows the development of the Austin, TX,
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MSA between 1950 and 1990. Austin is a convenient case study
because it is one of the largest cities to have only 2 rays, making
it easier to evaluate whether spatial patterns in population de-
centralization follow highways, and it lies in an area largely
unimpeded by natural and political boundaries. Interstate 35
opened through Austin in the 1950s. Even as the population of
the metropolitan area grew rapidly, the downtown area north of
the river lost population between 1950 and 1980, after which its
population grew slightly. Furthermore, nearly all of the new
residential development between 1950 and 1990 occurred along
the north-south highway and not in the east-west direction.7

Table III presents a more systematic description of the resi-
dential structure of metropolitan areas in the data. Each column
in Panel A lists census tract-level regression results from esti-
mating equation (1) using cross-sectional data in 1970 and 1990
and two different samples.

(1) log Pij � ai � � disij
cbd � c disij

hwy � εij

Pij denotes the population per square mile in census tract j of
MSA i. discbd is the distance from the tract centroid to the central
business district and dishwy is the distance to the nearest inter-
state highway. The functional form in equation (1) has been used
extensively for estimation of urban density functions [Clark 1951;
McDonald 1989] and in the absence of highways it is implied by
a monocentric city model with quasilinear utility. The first-dif-
ference version reported in Panel B includes the distance to the
CBD and to any highways that existed in 1970 as controls. Ob-
servations are weighted by the fraction of MSA population they
represent in order to weight each MSA equally. Estimates of �
from the two cross-sections are in line with estimates from earlier
studies.8

Table III presents results showing that highways are as-
sociated with higher population density both in levels and
first-differences. Panel A shows that conditional on CBD dis-
tance, population density is greater near highways in both the
1970 and 1990 cross-sections. In the more complete sample,
population density is 1 to 2 percent smaller on average each addi-
tional mile further from the nearest highway. The magnitude of this

7. The city of Austin expanded from 32 to 218 square miles between 1950 and
1990. Only census tracts in the city proper are observed in 1950.

8. I use 1970 instead of an earlier year because previous years had less
complete census tract data.

787DID HIGHWAYS CAUSE SUBURBANIZATION?

D
ow

nloaded from
 https://academ

ic.oup.com
/qje/article/122/2/775/1942140 by Serials D

ept user on 06 August 2021



estimated gradient is much greater in the sample, including more
centrally located MSAs, likely because the less restricted space in
these MSAs generates equilibria with less population restricted
to live near the highways. Panel B shows that conditional on CBD
and 1970 highway distance, portions of MSAs near highways
built between 1970 and 1990 had faster population growth than
other areas. Population density decreased by about 1 percent for

TABLE III
THE SPATIAL DISTRIBUTION OF METROPOLITAN AREA POPULATIONS

Panel A: 1970 and 1990 Cross-Sections

Sample

Log population
density

1970 1990

Large MSAs in 1950 (36,250
tracts, 139 MSAs)

Distance to CBD �.132 �.114
(.001)** (.001)**

Distance to highway �.014 �.019
(.002)** (.002)**

Large MSAs in 1950 with
central cities at least 20 miles
from a coast or border (17,336
tracts, 100 MSAs)

Distance to CBD �.134 �.117
(.002)** (.001)**

Distance to highway �.055 �.054
(.003)** (.003)**

Panel B: Evolution between 1970 and 1990

Sample
�Log population

density

Large MSAs in 1950 (36,250
tracts, 139 MSAs)

Distance to CBD .021
(.000)**

�Distance to highway �.015
(.002)**

Large MSAs in 1950 with
central cities at least 20
miles from a coast or border
(17,336 tracts, 100 MSAs)

Distance to CBD .021
(.001)**

�Distance to highway �.008
(.003)**

Notes: Each pair of entries lists coefficients and standard errors from a regression of log population
density on the listed variables at the census tract level. All regressions include MSA fixed effects. Regressions
in Panel B also include the distance to the nearest highway in 1970. Estimated coefficients on distance to the
nearest highway in 1970 are between �0.002 and 0.004. Regressions using the distance to planned highways
as an instrument for the distance to observed highways yield similar results. When standard errors are
clustered by MSA, results for the larger sample in Panel B and results for the smaller sample in Panel A
remain significant at the 5 percent level. Other results are not statistically significant with clustering.
Regressions are weighted by the fraction of MSA population that is represented in the tract. Analogous
unweighted regressions produce highway distance coefficients that are larger in absolute value. All distances
are in miles.
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each additional mile from the nearest new highway built. These
patterns in the data are consistent with highways influencing
residential location patterns.9

Consistent with this observation about the equilibrium rela-
tionship between the location of highways and the spatial distri-
bution of the population within cities, highway rays are also
associated with declines in central city population shares. In the
sample used in Panel B of Table I there exists a robust monotonic
relationship between the decline in log central city population
share and the construction of highways between one and seven
rays. In a simple regression of � log (central city population/MSA
population) on �ray, the average additional ray is associated
with a decline in log central city population share of approxi-
mately 0.07 if MSAs with zero rays are included and 0.10 if MSAs
with zero rays are excluded from the sample. Regressions using a
less restrictive ray definition in which highways within four miles
of the CBD may count as rays yield OLS coefficients of �0.09
excluding 0-ray MSAs and �0.10 including 0-ray MSAs.

IV. RESULTS

In this section, I present estimates of the causal effect of
highways on central city population growth. In addition to 1950 to
1990 difference regressions, this section also presents panel esti-
mation results that include MSA fixed effects using data from the
intervening years. In some specifications, the number of rays in
the 1947 national plan enters as an instrument for the actual
number of rays constructed. In the panel estimation, planned
rays smoothed using national construction rates over time enters
as the instrument. Results presented in this section show that a
range of specifications and estimation strategies all indicate that
each additional ray causes approximately a 9 percent decline in
central city population. Moreover, I show that analogous regres-
sions using more limited data from 1910 and 1950 indicate that
highways planned in the 1940s cannot predict changes in central
city population during the first part of the 20th century.

9. These results are not consistent with highways causing blight since mi-
gration likely reflects a revealed preference for land near highways. Analogous
regressions describing the spatial distribution of housing values at the census
tract level also yield negative coefficients on distance to highway in the two
cross-sections.
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IV.A. Long Difference Estimates

Equation (2) details the primary specification used in esti-
mating the effects of highways on suburbanization. The unit of
observation is the MSA and differences are between 1950 and
1990 levels:

(2)

� log Ni
c � �0 � �1�rayi � �2rci � �3�w̃i � �4� log Ni

MSA � �5�G̃i

� εi.

Nc represents 1950-definition central city population, rc denotes
central city radius, and NMSA denotes MSA population. w̃i repre-
sents mean log annual personal income, and G̃i represents the Gini
coefficient of the income distribution for MSA i. I control for these
elements of the income distribution in order to account for potential
differences across MSAs in changes in the distributions of demand
for living in suburban communities relative to central cities,
whether through a land use or a Tiebout sorting mechanism. In
order to account for the potential endogeneity of the income distri-
bution to suburbanization, I use a simulated income distribution
based on employment shares in 1940 by one-digit industry for each
MSA. I take the distribution of skill prices nationally from the
census PUMS excluding the states that encompass each MSA in
question for each industry of employment and combine them using
the reported 1940 employment shares. The skill prices are built
using wage and salary income of individuals working at least 48
weeks in the year prior to each census. Self-employed individuals
are excluded. Thus the factors that drive the change in the mea-
sured income distribution for an MSA are the evolution of skill
prices at the national level and the 1940 employment mix in the
MSA. The inclusion of population and characteristics of the income
distribution as controls in the regressions is intended primarily as a
check on the exogeneity of the plan. If the plan is exogenous, the
estimated effect of highways should not change with their inclusion.

Table IV presents regression estimates from various specifi-
cations of (2). The first column presents ordinary least squares
estimates using the primary specification, and the remaining five
columns present instrumental variables estimates from a range
of specifications. Standard errors are clustered by the state in
which the central city is located to account for potential state-
level unobservables like environmental laws that could affect
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suburbanization. Coefficients on rays in all specifications have
the expected negative sign and are usually statistically signifi-
cant and sizable. OLS results indicate that conditional on control
variables, each additional ray is associated with about a 6 percent
decline in central city population. In this primary specification,
instrumental variables estimates imply about a 12 percent de-
cline in central city population for each additional ray. The only
control variable that significantly influences the coefficient on
rays is the central city radius. A positive correlation between the
central city radius and the number of rays, planned and actual,
accounts for the absolute increase in the coefficient on rays when
the radius enters as a control.10 Using central city area as a
control instead produces similar results.

10. A land use model would imply that the appropriate functional form may
include an interaction between rays and central city radius. The resulting coeffi-

TABLE IV
LONG-DIFFERENCE REGRESSIONS OF THE DETERMINANTS OF CONSTANT GEOGRAPHY

CENTRAL CITY POPULATION GROWTH, 1950–1990

Large MSAs in 1950

OLS3

Change in log population in constant geography
central cities

IV1 IV2 IV3 IV4 IV5

Change in number of
rays

�.059 �.030 �.106 �.123 �.114 �.101
(.014)** (.022) (.032)** (.029)** (.026)** (.046)*

1950 central city radius .080 .111 .113 .106 .125
(.014)** (.023)** (.023)** (.023)** (.021)**

Change in simulated log
income

.084 .048 �6.247 �.137
(.378) (.417) (6.174) (.480)

Change in log of MSA
population

.363 .424 .374 .405
(.082)** (.094)** (.079)** (.108)**

Change in Gini coeff of
simulated income

�23.416
(23.266)

Log 1950 MSA
population

�.062
(.062)

Constant �.640 �.203 �.359 �.588 4.580 �.611
(.260)* (.078)* (.076)** (.281)* (5.091) (.265)*

Observations 139 139 139 139 139 139
R-squared .39 .00 .01 .30 .33 .37

Notes: In columns IV1–IV5, the number of rays in the 1947 plan instruments for the change in the
number of rays. Standard errors are clustered by state of the MSA central city. Standard errors are in
parentheses. ** indicates significant at the 1 percent level, * indicates significant at 5 percent level. Summary
statistics are in the Appendix Table. First stage results are in Table II.
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As is predicted by land use theory, the coefficients on central
city radius and metropolitan area population growth are positive.
The estimated coefficients on log simulated income and Gini
coefficient are unstable and not statistically significant. The
panel results discussed below give more precise estimates of these
parameters. OLS regressions produce the same signs as the in-
strumental variables results reported in Table IV in all cases,
with rays coefficients attenuated relative to the IV results. A
quadratic term in the change in the number of rays gives a
decreasing and concave function with the linear and quadratic
terms jointly significant at the 1 percent level, though not signif-
icant individually. Unfortunately, the data are not sufficiently
populated over the support of rays to precisely estimate a func-
tional form. I also investigated a variety of alternative highway
measures, including mileage and density. All estimated coeffi-
cients have the expected sign, and most are statistically signifi-
cant. The first stage results presented in Table II show that
conditional on the control variables, planned rays are a good
predictor of actual rays. Including MSA radius as an additional
control produces small insignificant coefficients with little change
in the other coefficients. This check indicates that the MSA def-
initions from 2000 are spatially inclusive enough to include all
relevant suburban areas.

Though not an implication of the data generating process
proposed in Section III, it is possible that the initial level of
metropolitan area population may influence central city popula-
tion growth. For example, larger metropolitan areas may have
more communities, providing more options for Tiebout sorting.
Alternatively, MSA size may influence spatial patterns in local
agglomeration economies, causing firms’ relocation choices to re-
spond differently as cities grow. The results in Specification 5
show that controlling for log 1950 population implies little change
in the IV estimates.11

Table V presents results using the same specifications as
Table IV for an additional more select sample and with the
inclusion of census division fixed effects. The coefficient on rays

cient is not significantly different from 0. Therefore, only the simpler linear
specification is reported. The 1950 central city radius is calculated as �A/�,
where A is 1950 central city area.

11. For similar reasons, initial MSA population density may be an appropri-
ate control. Results using this measure are similar to those using log 1950 MSA
population.
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remains consistent across samples and is robust to the inclusion of
fixed effects, though it is measured imprecisely when 1950 log pop-
ulation is included in the regression. The census division fixed ef-
fects estimates are a bit smaller but still significant when the full
array of controls is included. OLS estimates of the coefficient on rays
in Specification 3 are about �0.05, and IV estimates are about �0.10
in the primary sample. The results in Table V indicate that selecting
the sample to exclude the thirty-nine central cities that are within
twenty miles of a major lake shore, coast, or international border
slightly strengthens the estimated effect of rays on central city
population. This is consistent with predictions from a land use
model in which the space into which the metropolitan area can
expand is exogenously restricted. Results using the most complete
sample, including all 240 metropolitan areas for which I could con-
struct data, yield estimated coefficients on rays that are within 0.02
of those reported in Table IV.

One notable pattern in the results reported in Tables IV
and V is that estimated instrumental variables coefficients

TABLE V
COEFFICIENTS FROM LONG-DIFFERENCE REGRESSIONS, 1950–1990

Census
division

fixed effects

Specification

1 2 3 4 5

All large MSAs in 1950 No OLS .005 �.032 �.059 �.055 �.040
(.016) (.015)* (.014)** (.014)** (.016)*

Yes OLS �.012 �.039 �.052 �.051 �.024
(.014) (.014)* (.014)** (.014)** (.014)

Yes IV �.026 �.080 �.104 �.104 �.065
(.020) (.023)** (.021)** (.022)** (.031)*

All large MSAs in 1950
with central city at
least 20 miles from an
international border
or coast

No OLS �.000 �.040 �.062 �.063 �.032
(.018) (.019)* (.017)** (.016)** (.019)

No IV �.014 �.101 �.142 �.132 �.098
(.026) (.030)** (.038)** (.030)** (.110)

Yes OLS �.019 �.044 �.053 �.053 �.018
(.017) (.018)* (.016)** (.016)** (.017)

Yes IV �.028 �.086 �.134 �.130 �.058
(.023) (.027)** (.030)** (.028)** (.065)

Notes: Each entry in this table represents the coefficient on rays from a separate regression. The number
of rays in the 1947 plan instruments for the change in the number of rays in the IV regressions. The square
root of 1950 central city area enters as a control in Specifications 2–5; the change in simulated log income and
the change in log MSA population enter in Specifications 3–5; the change in the Gini coefficient enters in
Specification 4; log 1950 MSA population enters in Specification 5. Sample sizes are 139 for the top block and
100 for the bottom block. Standard errors are clustered by state of the MSA central city. Standard errors are
in parentheses. ** indicates significant at the 1 percent level, * indicates significant at 5 percent level.
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exceed ordinary least squares coefficients in absolute value. If the
only source of endogeneity of actual rays to changes in central city
population is that state and local governments built highways to
serve areas to which people were expected to suburbanize for
reasons other than highways, a valid instrument would produce
IV estimates that are smaller than OLS estimates in absolute
value.

The reverse ordering is consistent with the existence of an
additional bias due to a misspecification of the transportation
infrastructure in the estimating equation. In particular, most of
the IV-OLS gap can be explained by the fact that rays serving
central business districts do not fully capture all relevant high-
way infrastructure for commuting between suburbs and central
cities. One test for the existence of this misspecification is to
evaluate the IV-OLS gap using the sum of the change in subur-
ban rays and rays serving the central city as the key explanatory
variable. This procedure is likely to reduce the bias due to high-
way misspecification because suburban rays no longer appear in
the error term. The difficulty with this procedure is that the
measure of suburban rays used is imperfect, as it represents
many different road configurations. The OLS estimate of the
effect of all rays analogous to that in Table IV Specification 3 is
�0.044 while the IV estimate is �0.069, both remaining statisti-
cally significant. OLS and IV estimates in the more select sample
that excludes coastal central cities are smaller at �0.045 and
�0.062, respectively.12 The similar results given by the two esti-
mators is evidence that the bias due to endogenous highway
construction is likely to be small.

Given that the average effect of all rays should be smaller
than just that of those connecting the central city with the sub-
urbs, it is prudent to view the estimates of the effect of all rays as
a lower bound on the true value of �1 from equation (2). It should
be noted that this omitted variable problem afflicts the IV esti-
mate in addition to the OLS estimate if the plan is correlated with
suburban ray infrastructure, conditional on the control variables
in (2). Assuming that suburban rays represent a linear part of the

12. A Hausman test reveals that we cannot reject that the difference in IV
and OLS coefficients in the more select sample is only due to sampling error, while
the gap in the more complete sample is significant at the 3 percent level. A
somewhat less satisfying way to evaluate this misspecification problem is by
adding a measure of suburban rays as a control to the regressions. This procedure
similarly reduces the IV-OLS gap.
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error term ε and an upper bound for the coefficient on suburban
rays of �0.05, I calculate a bound on the misspecification bias to
�1. The omitted suburban rays variable biases the OLS estimate
in Table IV Specification 3 toward 0 by 0.01 while it biases the
analogous IV estimate away from 0 by 0.03. The biases go in
opposite directions because conditional on central city radius, the
partial correlation between central city and suburban ray con-
struction is negative whereas the plan predicts positive suburban
ray construction.

The remaining IV-OLS discrepancy likely reflects the fact that
the planned rays that ended up being built to serve CBDs had a
greater effect on central city population decline than endogenously
constructed rays. Many endogenous rays may have been built in
response to decentralization that had partly occurred by 1950 or to
better serve newly suburban areas established in response to con-
structed planned highways. In addition, many rays built with local
funding do not protrude out to the edge of metropolitan areas, and
thus do not have the opportunity to serve as large a portion of the
suburbs as planned rays connecting to other metropolitan areas.
Finally, the discrepancy may reflect the fact that exogenous rays
were generally built before endogenous rays, allowing them to have
a larger effect on central city population decline.

IV.B. Panel Estimates

There are several distinct advantages to evaluating the effect
of highways using long differences. The highway data in 1950 and
1990 are more complete than in the intervening years because of
the inclusion of both interstate and non-interstate rays. More-
over, the 1950–1990 differences provide sufficient time for people
to move in response to changes in the transportation infrastruc-
ture and thus are more likely to accurately reflect long-run equi-
librium responses. Unfortunately, there are some drawbacks to
using the long differences. While I try to use selection rules to
make the sample more homogenous, metropolitan areas are
unique in many ways. Evaluating the effects of highways by
comparing central city depopulation as a function of highways
over different decades within MSAs is thus potentially valuable
in allaying concerns about omitted variable bias.

Using the stock of rays as an explanatory variable presents
some difficulties in a panel setting. Given the possibility of ad-
justment costs causing slow transitions to new equilibria due to
durable housing, for example, it is not clear what the appropriate
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timing of the highway measure is for the intervening years of the
panel. If, for example, it takes twenty years for residential loca-
tion patterns to respond fully to changes in highway infrastruc-
ture, panel results without somehow smoothing rays or instru-
menting will be significantly attenuated towards 0 because they
allow for adjustment over at most a ten-year period.13 If it takes
time for individuals to adjust to new transportation infrastruc-
ture, and this new infrastructure is arriving continuously over
time as it was in 1960 and 1970, we can also think of highways as
being measured with error. Two observations for 1970 may rep-
resent one city that got its rays in 1969 and another that got its
rays in 1961. Such inconsistent measurement of timing is likely
to bias the estimated coefficient toward 0. Furthermore, high-
ways often opened in stages such that in a given year only part of
a given ray may have been available for use. I evaluate the speed
of convergence to new equilibria by examining results analogous
to those reported in Table IV using 1950–1970 differences in-
stead. The resulting coefficient on highway rays is somewhat
smaller but still significant. OLS estimates of the coefficient on
rays using Specification 3 is �0.03 while the IV coefficient is
�0.06, about one-half of the estimates from the full 1950–1990
differences. This evidence is consistent with Rappaport [2004],
who shows through simulation that even small migration fric-
tions can mean it takes many years for an equilibrium with new
residential locations across metropolitan areas to take hold.

Table VI repeats the regressions from Tables IV and V in
levels including MSA fixed effects to account for unobserved met-
ropolitan area characteristics. Each observation represents an
MSA in a census year between 1950 and 1990. Standard errors
are clustered by the state of the central city, allowing for MSA-
level serial correlation and cross-sectional intrastate correlation
in the error term. Due to limitations in available data, the vari-
able measuring the number of rays in the panel regressions only
reflects interstate highways, not other limited access highways. I
count roads with at least one mile open to traffic in a given
metropolitan area towards the MSA’s stock of rays at any given
point in time. The number of MSAs in the sample is smaller than

13. Although slow convergence rates toward new spatial equilibria are likely,
it is not clear what highway construction year should be used. If agents have
rational expectations, they should react when announcements of new highways
are made. Specification checks show, however, that using the timing of planning,
instead of completion, does not change results much.
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in the long-difference regressions because 1950-definition central
city population is not available for all cities in all years.

Panel OLS regressions using discrete rays as an explanatory
variable produce coefficients of less than �0.02. These small
coefficients reflect adjustment costs and measurement problems.
To get at estimating a long-run effect, I also estimate the panel
regressions using a measure of smoothed rays. I define smoothed
rays as the stock of rays in 1990 multiplied by the fraction of the
rays’ mileage completed in each MSA at each point in time.
Smoothing the rays increases the coefficients in Specification 3 to
�0.04, about 0.02 smaller in magnitude than the OLS coefficients
in Tables IV and V.

Table VI presents instrumental variables results with MSA
fixed effects. Specifications 1 to 3 use discrete rays as the explan-
atory variable while Specifications 4–6 use smoothed rays. The
panel IV results are consistent with results from the long differences
whether endogenous rays are smoothed or not. The coefficient on

TABLE VI
PANEL IV REGRESSIONS OF THE DETERMINANTS OF CONSTANT GEOGRAPHY CENTRAL

CITY POPULATION, 1950–1990

Large MSAs in 1950

Log central city population

1 2 3 4 5 6

Number of rays �0.111 �0.142 �0.140
(0.016)** (0.026)** (0.028)**

(1990 Rays) �
(Fraction of Ray

�0.097 �0.089 �0.086
(0.016)** (0.012)** (0.013)**

miles completed at t)
Log simulated income �0.083 �0.061 �0.288 �0.229

(0.117) (0.109) (0.075)** (0.077)**
Log MSA population 0.266 0.263 0.294 0.286

(0.104)* (0.105)* (0.100)** (0.098)**
Simulated Gini

coefficient
�0.623 �1.415
(1.106) (0.847)

MSA Fixed Effects Yes Yes Yes Yes Yes Yes

R-Squared 0.20 0.22 0.22 0.14 0.56 0.57

Notes: The instrument used is (rays in the plan) � (MSA mileage of highways running through the
central city at time t)/(MSA mileage of highways running through the central city in 1990). Standard errors
are clustered by the state of the central city. Standard errors are in parentheses. ** indicates significant at
the 1 percent level, * indicates significant at the 5 percent level. First stage results are in Table II. Each
regression includes 132 MSAs with five observations each, one for each year 1950–1990. There are fewer
MSAs in this sample than that in Table IV because of lack of census tract data for seven MSAs in 1960.
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discrete rays is �0.14, and the coefficient on smoothed rays is
�0.09. By using only the part of the rays correlated with the
aggregate flow in federally funded nationwide construction, IV
smooths out the discrete rays measure used in Specifications 1–3.
Allowing rays to take on fractional values allows even small
suburbanization effects to show up in the coefficient. The fact that
the IV results are similar for the two different highway measures
supports the claim that measurement error is the likely culprit to
explain the small OLS coefficients for discrete rays. IV results
using other samples of MSAs are similar.

The coefficient on log MSA population is between 0 and 1 in
both the long difference and panel regressions, though it is
smaller in the panel regressions. This is consistent with predic-
tions of theory.14 The coefficient on simulated log income is neg-
ative, statistically significant and more stable in the panel regres-
sions. The observation that central city population decline was
more rapid in decades that had faster income growth is consistent
with current land use patterns in which the poor live in cities.
This coefficient may reflect employment opportunities in the sub-
urbs that differ by income. A mean-preserving spread in the
simulated income distribution is also estimated to decrease the
population of the central city. This result may reflect Tiebout
sorting or a land use mechanism.

IV.C. Additional Robustness Checks

While I have demonstrated that the estimated effect of high-
ways on central city population growth is robust to an array of
samples, specifications, and several estimators, it is still possible
that the number of rays assigned in the 1947 highway plan may
have been developed in response to central city decline in the early
part of the 20th century. If accurate, this story implies that serial
correlation in central city population growth rates could generate a
spurious relationship between the plan and central city population
growth rates after 1950. Alternatively, the 1947 plan could have
been developed in response to very good forecasts about future
commuting demand. To evaluate these possibilities, I perform a
falsification exercise by examining the extent to which we can pre-
dict changes in central city population between 1910 and 1950 using

14. In a monocentric model with quasilinear utility, it is straightforward to
show that at any number of rays, the elasticity of central city population with
respect to MSA population is bounded between 0 and 1.
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the 1947 plan. This exercise is limited in several dimensions by data
availability. In particular, there is no income data in 1910 and only
limited data on central city area. Among the sixty-three central
cities whose areas I observe in 1910, average area more than dou-
bled by 1950. I do not have a good way of accounting for the associ-
ated change in central city geography. Regressions analogous to
those reported in Table IV absent the income variables and using
rays in the 1947 plan as an instrument for future construction yields
a statistically insignificant coefficient of �0.003. Results using the
reduced form are of similar magnitude. This 0 result is robust to a
range of specifications, including controlling for central city radius
in 1910 and 1950. A similar exercise using data from 1940 and 1950
yields similarly small estimates.

To this point, I have maintained the assumption that MSA
population is exogenous. Considering a system of cities, however,
requires endogenizing MSA population. A model incorporating a
system of cities suggests that holding the infrastructure in all
other cities constant, more rays would attract new migrants to a
city because they would cause the equilibrium utility level to
increase. Thus, the effect of a ray on central city population,
holding MSA population constant, should be larger in magnitude
than the effect if it is allowed to vary due to migration. That is,
accounting for endogenous MSA population should increase the
magnitude of the estimated effect of highway rays on central city
population. Following Glaeser, Kolko, and Saiz [2001], I instru-
ment for population growth between 1950 and 1990 with mean
January temperature and annual precipitation in the central city.
While not ideal, in the panel regressions I instrument for the level
of MSA population with its ten-year lag. IV coefficients on rays
when instrumenting both for rays and MSA population using
weather variables are within 0.01 of those reported in Tables IV
and VI and remain precisely measured. Conditional on the other
exogenous variables, these two weather variables are good pre-
dictors of MSA population. Results are similarly robust to instru-
menting for MSA population using an industry shift share.

Another strategy for handling the potential endogeneity of
MSA population is to measure suburbanization as log central city
population share. I choose not to measure suburbanization this
way in order to straightforwardly connect the empirical analysis
to the aggregate trends shown in Table I and because it would
complicate interpretation of the coefficient on rays. This measure
would make it impossible to separate out the effect of highways
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on migration within versus between metropolitan areas without
making an assumption about the elasticity of central city popu-
lation with respect to MSA population. However, for some
purposes log central city population share is a more intuitive
measure of suburbanization. Regressions using this alternate
measure of suburbanization as the dependent variable yield es-
timates that are slightly larger in absolute value to those re-
ported in Table IV. For example, the analogous OLS estimate to
that in Table IV Specification 3 is �0.10 while the analogous IV
estimate is �0.14. These larger estimates reflect the fact that
MSAs with more new highways had greater net in-migration.

V. CONCLUSIONS

Urban transportation improvements are an important ele-
ment in explaining post-World War II suburbanization in the
United States. This paper uses unique data to estimate the effect
of new highway rays on suburbanization using a 1947 plan of the
interstate highway system as a source of exogenous variation.
Taken together, long-difference and panel results imply an effect
of one new highway ray on the change in log constant geography
central-city population of about �0.09. Population in large 1950
definition central cities fell on average by 28 percent between
1950 and 1990. If the average city had not received one exog-
enously assigned highway (2 rays), estimates thus indicate that
its population decline would have been cut by more than half.
Empirically, cities received 2.6 rays on average between 1950 and
1990, though not all of these were randomly assigned.

I evaluate the importance of highways for explaining central
city population decline by examining the counterfactual evolution
of aggregate central city population where no highways were
constructed. A coefficient of �0.09 implies that had the interstate
highway system not been built, aggregate central city population
in MSAs in the primary sample would have increased by 8 per-
cent between 1950 and 1990. This aggregate effect is larger than
the average effect because cities with higher populations received
more rays on average. An additional three percentage point in-
crease in aggregate central city population would have occurred
had limited access highways that are not part of the interstate
system not been built. These counterfactual increases come in
contrast to the actual decline of 17 percent in aggregate central
city population for the primary sample. In the more select sample
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of MSAs considered, counterfactual population would have
changed by between �4 percent without interstate highways and
�1 percent without any highways. Based on these calculations,
highways account for about one-third of the decline in aggregate
central city population relative to that in entire metropolitan
areas between 1950 and 1990. The Appendix details the proce-
dure for making these calculations.

Although this paper provides estimates of the treatment
effect of highways on central city population, it has less to say
about the mechanism by which highways cause suburbanization.
Beyond the pure residential land use framework proposed in
Section III, one important potential mechanism is that new high-
ways allow firms to move to the suburbs. Indeed, urban employ-
ment decentralization was more rapid than residential decentral-
ization between 1950 and 1990. In 1950, 20 of 40 million MSA
jobs were in central cities while by 1990 only 27 of 87 million jobs
remained in central cities. However, as seen in Table I, 45 of 93
million MSA residents lived in central cities in 1950 when com-
pared with 51 of 160 million in 1990. In addition to chasing
suburbanizing workers, firms may have relocated because high-
ways free manufacturing firms from shipping through a port or
downtown rail hub or because highways allow local agglomera-
tion economies to operate over longer distances. Estimates pre-
sented in this paper should thus be interpreted as reflecting
changes in equilibrium land use patterns that have occurred
through a potentially complicated set of interactions between
firms and workers. The potential existence of road congestion
may also influence interpretation of the results. However, data
collected by the Texas Transportation Institute indicates that
congestion is probably not a major concern. The average ratio of
free-flow to congested highway speeds was 1.16 in the primary
sample and 1.12 in the more select sample of MSAs in 1992.

Two broad topics related to the questions addressed in this
paper are left for future research. The first is to gain a better
understanding of the mechanisms by which innovations to the
urban transportation infrastructure have caused the changes in
land use patterns documented in this paper. Second, it is evident
that there remains much more to be learned about the causes of
suburbanization. The importance of the changing income distri-
bution, changes in the distribution of household size and struc-
ture, and changes in local public goods provision for explaining
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changes in the spatial distribution of population and employment
in U. S. metropolitan areas all invite future investigation.

APPENDIX

A. Data

The County and City Data Books (CCDB) report decennial
census data aggregated to counties and cities of at least 25,000
inhabitants. I aggregate counties to form metropolitan areas based
on their definition in 2000, with a few minor alterations. I combine
PMSAs with no central city to adjacent PMSAs with a central city
and I combine PMSAs with adjacent central cities. In New England,
I use census-defined NECMAs. I use the same metropolitan area
geography for all years, aggregating data reported at the county
level. I use the CCDB city population numbers for all central cities
in 1950. In later years, I use only the CCDB for the population of
central cities whose areas reported in the CCDB increased by less
than 10 percent when compared with 1950. I assign each metropol-
itan area only one central city, using the census-defined central city
with the largest population in 1950. The CCDB is also the source of
weather variables for central cities.

Printed maps of central cities that expanded geographically
over time are taken from the 1950 Census of Population and Hous-
ing. I identify census tracts that fall within 1950 central city geog-
raphy using these maps and digital maps of census tracts in 1970
and 1980. Reported conversion factors map 1980 tracts to 1990
tracts. Tracts from 1960 whose centroids fall inside the constructed
1950 geography as approximated with 1980 tracts were aggregated
to form the 1960 cross-section. I use the latitude and longitude of
1960 tract centroids reported in the Elizabeth Mullen Bogue File
[Bogue 1975]. The Neighborhood Change Database provides consis-
tent census tract geography in 1970 and 1990 for Table III.

I inspected each metropolitan area in a Road Atlas from 2004 to
identify potential highway rays. Rays consist of interstate or non-
interstate highways that pass within one mile of the central busi-
ness district (as defined below) and connect to an area outside the
1950-definition central city. The Form PR-511 Database contains
opening dates of each segment of the interstate highway system
kept by the Federal Highway Administration. Each record lists the
state, route number, milepost, segment length, funding source, and
date(s) on which various stages of construction were completed.
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Because the digital version of the database was lost, this data set
was scanned and hand-edited. This data set includes all federally
funded portions of the system and interstates that were in place in
1956. The data set includes only about half of the locally-funded
mileage constructed after 1956. The remaining locally funded inter-
state mileage was added by cross-referencing Internet reports of
“roadfans” with the “Route Log and Finder List” published by the
Federal Highway Administration. Only one non-interstate limited
access highway ray was found to exist in 1950. I match the PR-511
data to a digital map of the interstate highway system to create a
data set of the miles of each route number in each county in each
year. I aggregate counties appropriately to form highway mileage in
each metropolitan area over time. For panel regressions, I count a
ray as open in a given year if at least one mile of the road exists in
the metropolitan area. Because of limited time series data on non-
interstates, only interstate highways are used in the panel analysis.

Central business district definitions used for Table III are
taken from the 1982 Economic Censuses’ Geographic Reference
Manual. This book reports all census tracts that make up the
CBD in the opinion of local businesspeople. All CBD distances are
to the centroid of the agglomeration of these census tracts.

The 1950–1990 census Public Use Microdata one percent
Samples (PUMS) are used to build the evolution of skill prices by
one-digit industry at the state level. The distribution of skill
prices is built using the annual wage and salary income of each
individual working at least forty-eight weeks in the calendar year
prior to each census. The self-employed are excluded. The simu-
lated income distribution calculated for each MSA uses the full
distribution of wages in each year weighted by the industrial mix
in 1940 for all people living in states that do not include any part
of the MSA in question.

The full data set used and the code used to build it and create
the tables are available upon request from the author.

B. Construction of Counterfactual Population

I take the predicted number of rays from a separate first
stage regression based on Specification 5 in Table II Panel B for
each sample to determine the number of “exogenous rays” in each
metropolitan area in each year. To build the time series for total
rays I assume that non-interstate rays were built at the same
rate as interstate rays in each MSA. I then first-difference the
predicted rays from the first stage and multiply the resulting
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number by 0.09 to derive the log difference in central city popu-
lation that can be attributed to new exogenous highways during
each decade between 1950 and 1990 for each MSA. I subtract the
estimated log difference in central city population due to exoge-
nous highway expansion (which is negative) from the observed
log difference in central city population during each decade, cal-
culate the counterfactual log levels in 1960–1990 based on the
1950 cross-section and exponentiate to put the estimates in terms
of population, performing the appropriate Jacobian transforma-

APPENDIX TABLE:
SUMMARY STATISTICS

Variable 1950 1990 1990–1950 Min Max

Fraction of population living inside
1950 geography central city

.47 .22 �.25 �.51 �.03
(.16) (.11) (.10)

Fraction of population living inside of
central city

.47 .35 �.12 �.42 .33
(.16) (.19) (.14)

Log population of 1950 geography
central city (millions)

�1.82 �2.10 �.28 �.81 .72
(.94) (.99) (.28)

Log population of politically defined
central city (millions)

�1.82 �1.64 .18 �.81 2.22
(.94) (1.00) (.57)

Log MSA population (millions) �.99 �.43 .56 �.21 1.95
(.91) (.98) (.40)

Total number of rays through central
city

.07 2.66 2.59 0 7
(.33) (1.70) (1.66)

Number of interstate rays through
central city

.07 2.34 2.27 0 7
(.33) (1.58) (1.54)

Number of planned rays 2.55 2.55 – 0 7
(1.51) (1.51)

Total rays in the MSA .14 4.38 4.24 0 14
(.50) (2.40) (2.36)

Central city radius (miles) 3.18 5.04 1.86 1.16a 11.98a

(1.63) (2.77) (2.27)
MSA radius (miles) 25.99 25.99 – 8.48 93.17

(10.42) (10.42)
Simulated mean log income using 1940

employment distribution
9.61 10.27 .66 .56 .89
(.12) (.05) (.06)

Gini coefficient of simulated income
distribution

.33 .37 .04 �.02 .07
(.03) (.01) (.02)

Median log household income 9.99 10.60 .60 .27 .99
(.16) (.15) (.16)

Notes: The sample size is 139 and consists of the same MSAs used in the regressions in Table IV.
Standard deviations are in parentheses. Min and max refer to the 1950–1990 difference unless the variable
does not change over time or has a superscript.

a. This number refers to the min or max of the 1950 level, not the change from 1950 to 1990.
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tion. Finally, I sum the resulting populations over the MSAs in
the relevant sample.

BROWN UNIVERSITY, DEPARTMENT OF ECONOMICS
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