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ABSTRACT. This paper examines why smart cities are growing by investigating who moves to smart
cities and who stays. Smart cities are often centers of higher education, so students moving to pursue
higher education may play an important role. I find that the greater in-migration to smart cities
is mostly due to persons enrolled in higher education. Smart cities are growing in part because inmigrants often stay in the city after completing their education. The growth of smart cities is also
mostly attributable to population redistribution within the same state and has little effect on population
growth at the state level.

1. INTRODUCTION
A considerable body of literature has shown that the stock of human capital in a
metropolitan area, measured as the share of the adult population with a college degree, is
a strong predictor of future population growth.1 Berry and Glaeser (2005) also show that
the share of the adult population with college degrees has increased more quickly in cities
with higher initial levels of schooling.2 There is still no consensus, however, as to why
“smart cities” are growing. A popular hypothesis is that workers move to cities with high
levels of human capital because these cities are more productive. Several studies have
shown that wages in highly educated cities are higher than in less educated cities, even
after controlling for individual worker characteristics (e.g., Rauch, 1993; Glaeser and Saiz,
2004; Moretti, 2004a). The interpretation is often that proximity to educated individuals
makes other workers more productive, though this interpretation is questioned by some.3
This interpretation also finds support in the geographic localization of patent citations
found by Jaffe et al. (1993). Jaffe (1989), Audretsch and Feldman (1996), and Adams
(2002) also find that university research has important spillover effects on nearby firms
for both R&D and corporate patents.
Another explanation for the connection between population growth and human capital is that an educated populace increases the quality of life in a city and people flock to
the city for the higher quality of life (Shapiro, 2006). Educated individuals might increase
the quality of life in a city in a number of ways. They may be less likely to commit crimes,
more likely to vote, more likely to support local art and other cultural amenities, and more
tolerant of others different from themselves (Florida, 2002).
*The author thanks the Editor, two anonymous referees, Barry Hirsch, Jon Rork, and seminar
participants at Georgia State University for helpful comments. The usual caveat applies.
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1
See, for example, Glaeser et al. (1995); Simon (1998, 2004); Black and Henderson (1999); Simon
and Nardinelli (2002); Glaeser and Shapiro (2003); Glaeser and Saiz (2004); and Shapiro (2006).
2
Throughout this paper, I use the term city to refer to an economic city, which usually includes more
than just a single municipality. In practice, this is more akin to the census concept of a metropolitan area.
Thus, the terms city and metropolitan area are used interchangeably in this paper.
3
For reviews of the literature on human capital externalities, see Moretti (2004b) Lange and Topel
(2006), and Henderson (2007).
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In this paper, I examine why smart cities are growing by looking at who moves
to smart cities and who stays. Following Shapiro (2006) and others, I consider “smart
cities” to be metropolitan areas with a large share of the adult population with a college
degree.4 These smart cities are often small and mid-size metropolitan areas containing
flagship state universities. As a result, students moving to pursue higher education may
play an important role in the relationship between human capital and urban population
growth.5 Students who move to an area for higher education and develop human capital
that is specific to that area are often likely to stay in the area after their education is
complete. Consequently, smart cities may be growing in part because of students moving
to pursue higher education and then staying in the city after they are done with their
education. I investigate this hypothesis by examining the relationships between migration
and the share of the adult population who are college graduates separately for individuals
enrolled in higher education and for individuals not enrolled. The results suggest that
most of the greater in-migration to high human capital cities is due to persons pursuing
higher education. It seems likely, though, that many of those who move to pursue higher
education will leave the metropolitan area after their education is complete, and I find
that high human capital cities also have high rates of out-migration. On net, though, high
human capital cities gain more people than they lose causing them to grow. This paper,
therefore, suggests that much of the population growth of smart cities in recent years is
due to students moving to smart cities for higher education and then staying after their
education is complete.
I also find that the bulk of the net migration to high human capital cities comes from
within the same state, consistent with students moving to pursue higher education within
their home state. This has important implications for state policy makers. Population
growth in high human capital cities does not equate to population growth at the state level.
Instead, the growth of high human capital cities is largely due to population redistribution
within the state.

2. CONCEPTUAL FRAMEWORK
This paper adopts the approach of a large literature following Sjaastad (1962) that
views migration as an investment in human capital. Individuals maximize expected utility
and an individual migrates if he expects the benefit from moving to exceed the cost. In
other words, an individual will move if an alternative location offers a higher utility
than his current location and the utility differential is sufficiently high to compensate
the individual for the costs of moving (e.g., the transaction costs involved in finding a
new residence and relocating one’s physical possessions). If the costs of migration are
sufficiently small, individuals will sort into the city that gives them the highest possible
utility.
Importantly for this study, individuals vary in the net benefits they receive from
moving to a particular location. For instance, Clark and Hunter (1992), Conway and Rork
(2006), Chen and Rosenthal (2008), and Plane and Jurjevich (2009) find that the young
and the elderly are attracted to different locations. The young are often attracted to areas
with high wages and a strong business environment, while the elderly are attracted to

4
As a practical matter, however, this paper does not define a specific set of cities as smart cities, that
is, there is no cutoff defined to determine whether a city is smart or not.
5
De la Garza (2008) suggests that the growth of smart cities is not solely due to the growth of college
towns, but his categorization of cities as college towns is a less direct way of examining the role played by
enrollment than the approach taken here.
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TABLE 1: The 20 Most Educated Cities in 1990
Rank

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

MSA/PMSA

% with Bachelor’s Degree or Higher

Iowa City, IA MSA
Stamford-Norwalk, CT PMSA
Boulder-Longmont, CO PMSA
Corvallis, OR MSA
Lawrence, KS MSA
Washington, DC-MD-VA-WV PMSA
Columbia, MO MSA
Bryan-College Station, TX MSA
Danbury, CT PMSA
Santa Fe, NM MSA
San Francisco, CA PMSA
Gainesville, FL MSA
Madison, WI MSA
Champaign-Urbana, IL MSA
Charlottesville, VA MSA
Bloomington, IN MSA
San Jose, CA PMSA
Tallahassee, FL MSA
Boston, MA-NH PMSA
State College, PA MSA

44.0
43.1
42.8
41.3
38.4
37.0
36.5
35.8
35.8
35.7
34.9
34.6
34.2
34.1
33.3
32.9
32.6
32.4
32.3
32.3

areas with a high quality of life but low cost of living. Similarly, individuals likely differ
in the extent to which they benefit from moving to a high human capital city.
In particular, this paper suggests that students may particularly benefit from moving to smart cities because smart cities are often centers of higher education. Table 1
lists the top 20 metro areas (out of 331) by the share of adults (age 25 and over) with at
least a bachelor’s degree in 1990.6 Iowa City, Iowa tops the list with an impressive 44.0
percent of adults with college degrees, while State College, Pennsylvania ranks 20th of
the 331 cities with 32.3 percent. Interestingly, a number of the most educated cities are
relatively small metropolitan areas surrounding major public universities. Iowa City is
home to the University of Iowa and State College is home to the Pennsylvania State University. Additionally, Boulder is home to the University of Colorado, Corvallis to Oregon
State University, Lawrence to the University of Kansas, Columbia to the University of
Missouri, Bryan-College Station to Texas A&M, Gainesville to the University of Florida,
Madison to the University of Wisconsin, Champaign-Urbana to the University of Illinois,
Charlottesville to the University of Virginia, Bloomington to the University of Indiana,
and Tallahassee to Florida State University. Because many of the most educated cities are
home to major universities, persons pursuing higher education may constitute a disproportionately large share of the persons moving to smart cities. For those pursuing higher
education, moving to a university town may be their best choice, but persons not pursuing
higher education may find moving to a university town less desirable.7

6
Data come from the Department of Housing and Urban Development (HUD) State of the Cities
Data System based on the 1990 Census of Population and Housing.
7
Flagship universities are likely to draw students from all over the state and to some extent from
other states and countries (Alm and Winters, 2009).
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If students move to university towns in large numbers, we might also expect persons
who have recently completed their education to leave these cities in large numbers. Once
their education is complete, many recent in-migrants are likely to move back to their
previous residences or move on to new locations.8 Previous literature, however, suggests
that not all in-migrants leave the area after finishing their education. Some who moved to
the city for higher education end up staying after their education is complete. For example,
Groen (2004) and Groen and White (2004) find that attending college in a state increases
an individual’s probability of residing in the state several years later compared to had
they not attended college there.9 Similarly, Blackwell et al. (2002) find that attending
Xavier University in Cincinnati increases the likelihood that an individual will locate in
Cincinnati years later, and Huffman and Quigley (2002) find similar evidence for graduate
students in the University of California, Berkeley’s Haas School of Business and College
of Engineering.10
College attendance likely affects postgraduate location decisions because students
often develop location-specific human capital in both production and consumption (DaVanzo, 1983; Berry and Glaeser, 2005; Krupka and Smith, 2008; and Krupka, 2009). After
living in a city for a few years, individuals may have gained human capital that makes
them more productive locally than elsewhere. This can include networks with professors
and other students and employment experience with local companies through internships
and student working. Along these lines, Berry and Glaeser (2005) develop a model where
entrepreneurs are relatively immobile because their innovations are location-specific. Recent migrants may also develop location-specific human capital in consumption. Having
completed their education, people may stay in the same city because they have developed
friendships and a taste for local amenities that makes living in the city more enjoyable.
Thus, location-specific capital may motivate recent in-migrants to stay in a city after
completing their education because they can achieve higher utility in the city than in any
alternative location.
If location-specific human capital often inclines recent graduates to remain in the
city where they completed their education, cities with a considerable university presence
are likely to grow faster than cities without a strong university presence. Furthermore,
students moving for higher education and then staying in the city after their education
is complete may play an important role in the growth of smart cities. This hypothesis
is not incompatible with previous explanations suggesting that smart cities are growing
because they offer higher wages or higher quality of life. The difference, however, between
this study and previous studies is that this study focuses on who benefits from moving to
and staying in smart cities. In particular, I suggest that recent students may benefit more
from living in a smart city where they attended college than persons who have never lived
in the city. Thus, the growth of smart cities may be particularly influenced by the ability
of smart cities to attract and retain persons pursuing higher education.
3. EMPIRICAL FRAMEWORK
Most studies interested in the growth of smart cities look at population growth over
decennial years. Very few studies, however, examine who is moving to high human capital
8
Franklin (2003) provides an insightful analysis of the migration of the young, single, and college
educated.
9
Hickman (2009) finds similar results for the state of Florida as a result of its “Bright Futures
Scholarship Program.”
10
Drucker and Goldstein (2007) review the literature on the regional economic impacts of universities
including a discussion of student migration.
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cities.11 In this study, I hope to gain insight into the connection between human capital
and population growth by looking at who moves to smart cities. I look at migration directly,
instead of population growth as is usually done. More specifically, I estimate
Min, j = ␤in Sj + inZ j + εin, j ,

(1)

where Min, j is the rate of in-migration to metropolitan area j, Sj is the share of the adult
population with college degrees in the metropolitan area, Zj is a vector of other variables
found in previous literature to affect metropolitan area population growth, and ε in, j is a
mean zero error term. Following previous literature, time-varying explanatory variables
are measured with a 10-year lag so that they are not affected by migration during the
period under consideration. Because high human capital cities are often centers of higher
education, I also expect that the human capital level in a city will be correlated with the
rate of out-migration and estimate
Mout, j = ␤out Sj + out Z j + εout, j ,

(2)

where “out” subscripts the out-migration rate and its corresponding coefficients and error
term. A metropolitan area will grow if the rate of in-migration exceeds the rate of outmigration. Thus, I also estimate the determinants of the net migration rate, obtained by
subtracting (2) from (1)
Mnet, j = ␤net Sj + net Z j + εnet, j ,

(3)

where “net” subscripts the net migration rate and its corresponding coefficients and error
term.
I first estimate the migration equations for the entire population, but this tells us
little about who moves to high human capital cities. I, therefore, next estimate the migration equations separately for persons age 16 and over by whether they are enrolled
in higher education. Computations from the Census 2000 Integrated Public Use Microdata Series (IPUMS) reveal that roughly 16 percent of all persons age 16 and over who
lived in a different metropolitan area in 2000 than in 1995 were enrolled in higher education in 2000. If high human capital cities are growing because individuals move there
to pursue higher education, then migration by those enrolled in college may constitute a
disproportionately large share of the greater in-migration to high human capital cities. To
add further evidence to my story, I also estimate the migration equations separately by
five-year age groups. The expectation is that persons of college-going age might constitute
a disproportionately large share of the total in-migration to high human capital cities. I
also explore who moves to smart cities and who stays by estimating separate equations
for individuals who move from within the same state and individuals who move from
another state or country. In doing so, I am particularly interested in examining if the
growth of smart cities is due primarily to interstate migration or intrastate migration.
Public universities often get a large percentage of their students from within the same
state, so it may be the case that smart cities are growing primarily through net intrastate
migration.
4. DATA
The migration data used in this paper were constructed from the IPUMS (Ruggles
et al. 2008) data for the 1980, 1990, and 2000 Censuses (5 percent samples). The data
11

To my knowledge Berry and Glaeser (2005) is the only exception. In that study, they look separately
at logarithmic changes in the college educated population and the noncollege educated population, but they
do not look specifically at migration.
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for the percent of adults with a college degree, metropolitan area population, median
family income, and the share of employment in manufacturing come from two sources.
For 1980 and 1990, the data for these variables come from the HUD State of the Cities
Data System (U.S. Department of Housing and Urban Development, 2008) and are based
on 1999 Primary Metropolitan Statistical Area definitions, while the 1970 data come
from the 1972 County and City Data Book (U.S. Department of Commerce, Bureau of the
Census, 1972) archived at the Interuniversity Consortium for Political and Social Research
and are based on 1981 Standard Metropolitan Statistical Area definitions.12 Data on
temperature and precipitation come primarily from the 2007 County and City Data Book
(U.S. Department of Commerce, Bureau of the Census, 2007) where metropolitan area
values were assigned based on the values for their principal cities. For cities missing
information in the 2007 County and City Data Book, information was obtained from the
2000 and 1988 County and City Data Books (U.S. Department of Commerce, Bureau of
the Census, 1988, 2000). Metropolitan areas that crossed regions were assigned to the
region in which the major principal city is located.
One complication with my analysis is that the IPUMS data do not allow identification of geographic areas with populations less than 100,000. As a result, the lowest
level of identifiable geography in the IPUMS data, Public Use Microdata Area’s (PUMA)
in the 1990 and 2000 samples (county groups in the 1980 sample), often include both
metropolitan and nonmetropolitan areas.13 I, therefore, assign each PUMA (county group
in 1980) to a metropolitan area if more than 50 percent of the population of the PUMA
(county group) is contained within the metropolitan area. Using this procedure identifies
323 metropolitan areas in 2000, 298 in 1990, and 276 in 1980.
A person is considered a migrant if they lived in a different metropolitan area in the
census year than they did five years prior.14 Gross in-migration to a metropolitan area was
computed by adding up the total number of migrants to the area using person weights. The
same was done to compute gross out-migration from a metropolitan area. Note, however,
that persons who exit the country are not in the sample, and hence out-migration does
not include international out-migration. Checks of robustness suggest that international
out-migration has little effect on the results. Net migration was computed as gross inmigration minus gross out-migration. Gross in-migration rates are computed by dividing
gross in-migration by the population of the metropolitan area, defined according to PUMA
(county group) boundaries consistent with the migration flows, five years prior to the
census. The same is done to compute gross out-migration rates and net migration rates.
When I split the migrant flows by enrollment status, age, and state of previous residence,
I continue to use the total population of the metropolitan area as the population base to
allow for easier interpretation of each groups’ contribution to the overall flow.
Before proceeding to the results of the regression analysis, it is useful to first examine
migration rates for different types of metropolitan areas based on their human capital
stock. Table 2 presents mean migration rates for three groups of metropolitan areas
based on the share of their adult residents with college degrees: (1) the top 20 percent of

12
The results in this paper are qualitatively robust to using Combined Metropolitan Statistical Area
definitions.
13
Note also that PUMAs of previous residence often include more than one PUMA of current residence. To have consistent metropolitan boundaries, PUMAs of current residence were aggregated to
correspond with PUMAs of previous residence.
14
Unfortunately, there may be problems with misreporting of previous residence, especially for persons who were attending college five years prior to the census. If so, the effects of the college share
on out-migration may be understated and the effects of the college share on net migration may be
overstated.
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TABLE 2: Migration Rate Tabulations by Human Capital Level, 1995–2000
Top 20% of cities by human capital (N = 64)
Middle 60% of cities by human capital (N = 195)
Bottom 20% of cities by human capital (N = 64)

In

Out

Net

0.246
0.182
0.157

0.193
0.157
0.140

0.052
0.025
0.017

metropolitan areas; (2) the middle 60 percent; and (3) the bottom 20 percent. The table
shows that the average in-, out-, and net migration rates are largest for the “smartest”
group of metropolitan areas.15 In particular, the net migration rate for the smartest
group is more than double that of the other two groups, consistent with findings from
previous literature that more educated cities experience faster population growth than
less educated cities. Similarly, the middle 60 percent of cities have higher net migration
rates than the bottom 20 percent of cities.
5. EMPIRICAL RESULTS
Turning to the regression analysis, I first estimate the relationship between the share
of adults with college degrees in 1990 and in-migration, out-migration, and net migration
between 1995 and 2000.16 Table 3 presents the results of the estimating equations both
with and without additional controls. The first column of Table 3 presents the effect
of the college share on the gross in-migration rate. As seen, there is a strong positive
correlation between the in-migration rate and the share of adults with a college degree.
The coefficient estimate of 0.522 suggests that increasing the college share by 0.1 increases
the in-migration rate by 0.05. If, however, many of those who move to highly educated
cities do so to pursue higher education, we would expect the share of adults with college
degrees to be positively correlated with the out-migration rate as well. This is exactly what
we find in the second column of Table 3.17 Absent differences in fertility and mortality,
an area grows if more people move to the area than leave the area.18 Therefore, the effect
of the share of adults with college degrees on the net migration rate tells us how human
capital affects population growth. As seen in the third column, the correlation between
the net migration rate and the college share is strongly positive. While the human capital
level is correlated with both the extent to which people enter and leave a metropolitan
area, on net metro population growth is increasing with the share of the adult population
with a bachelor’s degree or higher consistent with previous literature and the tabulations
in Table 2.
As seen in the fourth, fifth, and sixth columns of Table 3, adding additional controls
actually increases the coefficients on the human capital variable. The in-migration coefficient increases from 0.522 to 0.735, the out-migration coefficient increases from 0.310
to 0.435, and the net-migration coefficient increases from 0.212 to 0.300. The additional
controls also appear to have an important effect on migration and growth. Population
and median family income in 1990 appear to have a negative effect on in-migration, outmigration, and net migration, though the effect of family income on net migration is not
15
Note that the top 20 percent do not necessarily constitute the entire set of smart cities. This
grouping was made for illustration purposes only.
16
Corresponding estimates for 1975–1980 and 1985–1990 are qualitatively similar and are available
upon request.
17
However, other hypotheses could also explain the high out-migration from high human capital
cities.
18
Fertility and mortality rates may also differ with the local human capital level, but I ignore such
differences in this paper and instead focus on migration to and from high human capital cities.
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TABLE 3: Migration to and from Metropolitan Areas, 1995–2000
Share with bachelor’s degree

In

Out

Net

In

Out

Net

0.522∗∗
(0.066)

0.310∗∗
(0.043)

0.212∗∗
(0.039)

0.086∗∗
(0.013)

0.099∗∗
(0.009)

−0.013
(0.008)

0.735∗∗
(0.089)
−0.022∗∗
(0.004)
−0.002∗
(0.001)
−0.073
(0.056)
0.102∗
(0.044)
0.120
(0.075)
0.032
(0.038)
0.023∗∗
(0.008)
0.017
(0.010)
0.038∗
(0.015)
−0.029
(0.076)

0.435∗∗
(0.057)
−0.016∗∗
(0.003)
−0.002∗∗
(0.001)
−0.109∗∗
(0.041)
0.005
(0.026)
−0.063
(0.041)
−0.007
(0.028)
0.015∗∗
(0.006)
0.016∗
(0.008)
0.021
(0.011)
0.205∗∗
(0.046)

0.300∗∗
(0.063)
−0.006∗∗
(0.002)
−0.000
(0.001)
0.036
(0.044)
0.097∗
(0.038)
0.183∗
(0.072)
0.040
(0.026)
0.007
(0.006)
0.001
(0.008)
0.017
(0.011)
−0.234∗∗
(0.069)

0.09

0.49

0.45

0.29

Population
Median family income
Manufacturing share
January temperature
July temperature
Precipitation
Midwest
South
West
Constant
R2

0.21

0.17

Notes: All regressions contain 323 PMSA/MSA observations. Time-varying explanatory variables are measured as of 1990. Huber–White robust standard errors in parentheses.
∗
Significant at 5 percent level; ∗∗ Significant at 1 percent level.

significant. Increases in the average January daily low temperature increase both the inmigration rate and the net migration rate. Similarly, increases in average July daily high
temperature have a significantly positive effect on net migration. Both are consistent with
the ongoing movement of population in the United States from colder to warmer places.
None of the remaining variables has a significant effect on net migration, though they
do occasionally have a significant effect on in-migration or out-migration. Henceforth,
I discuss only the results for the share of adults with a college degree. Results for the
additional explanatory variables are available from the author upon request.

Migration by Enrollment in Higher Education
I next turn to the main regressions of this paper. In Table 4, I consider the effect
of the human capital level on migration rates separately for persons enrolled in higher
education and for persons not enrolled. If high human capital cities are growing in part
because individuals move there to pursue higher education, then migration by those
enrolled in higher education may constitute a disproportionately large share of the total
in-migration to high human capital cities. Data limitations only allow us to know whether
an individual is enrolled in the year of the sample (e.g., 2000), so these estimates may
understate the role that migrating for higher education plays in the growth of smart cities.
Measuring migration over a five-year period makes this especially possible as some people
are likely to complete degrees in four years or less and stay in the metropolitan area after
completing their degree. Also, migration rates in this section include only people age 16
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TABLE 4: Migration by Enrollment in Higher Education
Enrolled in Higher Education

A. 1995–2000
Share with bachelor’s degree
Observations
R2
B. 1985–1990
Share with bachelor’s degree
Observations
R2
C. 1975–1980
Share with bachelor’s degree
Observations
R2

Not Enrolled in Higher Education

In

Out

Net

In

Out

Net

0.654∗∗
(0.073)
323
0.59

0.080∗∗
(0.011)
323
0.47

0.574∗∗
(0.064)
323
0.55

0.075
(0.052)
323
0.35

0.349∗∗
(0.042)
323
0.48

−0.274∗∗
(0.063)
323
0.30

0.714∗∗
(0.076)
298
0.62

0.090∗∗
(0.010)
298
0.56

0.624∗∗
(0.071)
298
0.56

0.182∗∗
(0.067)
298
0.38

0.351∗∗
(0.047)
298
0.48

−0.168∗
(0.080)
298
0.30

0.916∗∗
(0.096)
276
0.49

0.114∗∗
(0.020)
276
0.10

0.802∗∗
(0.087)
276
0.56

0.039
(0.128)
276
0.17

0.491∗∗
(0.098)
276
0.07

−0.452∗∗
(0.084)
276
0.41

Notes: All regressions also contain additional controls for population, median family income, manufacturing
share, January temperature, July temperature, precipitation, and region dummy variables with time-varying
explanatory variables measured as of the previous decennial census. Huber–White robust standard errors in
parentheses.
∗
Significant at 5 percent level; ∗∗ Significant at 1 percent level.

and over, though including persons under 16 in the not enrolled group does little to change
the results.
The upper Panel A of Table 4 presents the regression results for migration by enrollment between 1995 and 2000. According to the results, the share of adults with at
least a bachelor’s degree has a strong positive correlation with the in-migration of persons enrolled in college. Thus, as expected, college students are moving to high human
capital metropolitan areas in large numbers. The coefficient on the human capital level
for those not enrolled, however, is small (though positive) and not statistically significant.
Unlike students, persons not enrolled in college do not appear to be moving to smart cities
in large numbers. This is an important result. People are moving in large numbers to
high human capital metropolitan areas, but persons pursuing higher education represent
the majority of such migrants. This is perhaps even more impressive given that persons
enrolled in higher education represented only about 16 percent of all migrants age 16 and
over between 1995 and 2000.
The results from Table 3 also suggested that high human capital cities have high
rates of out-migration. Looking separately at out-migration rates by college enrollment
tells us who is leaving smart cities. As seen in the second and fifth columns of Table 4,
the human capital level in a metropolitan area significantly increases the out-migration
of both those enrolled in higher education and those who are not. The effect, however, is
much larger for those not enrolled.19 These findings are consistent with the hypothesis
that individuals move to high human capital cities for higher education, but often leave
after completing their education. Also consistent with this hypothesis, the share of adults
19

Similarly, separate analysis of out-migration by educational attainment (not shown) reveals that
persons with a bachelor’s degree or higher account for nearly all of the differential out-migration from
smart cities.
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who are college educated is positively correlated with the net migration rate of those
enrolled, but negatively correlated with the net migration rate of those not enrolled.
Importantly though, the net migration coefficient for the enrolled is larger in absolute
value than the coefficient for those not enrolled. This suggests that many of the persons
who move to smart cities for higher education stay in the city after their education is
complete. As a result, smart cities are growing considerably faster than less skilled cities,
and students moving for higher education and staying after their education is complete
play an important role in the growth of smart cities.
To confirm that the results for 1995–2000 are not particular to the time period
considered, Panels B and C of Table 4 replicate the results in Panel A using migration
between 1985 and 1990 and 1975 and 1980, respectively. In Panel B, independent variables
are measured as of 1980, and in Panel C, independent variables are measured as of 1970.
The results for the human capital variable in Panels B and C are qualitatively similar
to those in Panel A with one exception. For in-migration between 1985 and 1990, the
coefficient for those not enrolled is statistically significant and larger than in the other
years. The effect, however, is still smaller than the effect for those who are enrolled.
Furthermore, “not enrolled” likely includes some persons who previously were enrolled
and stayed in the city after completing their education. The results for 1975–1980 and
1985–1990, therefore, reaffirm the primary importance that students moving for higher
education have played in the growth of high human capital cities.
Migration by Age Group
I next look at migration by five-year age groups between 1995 and 2000. Table 5
presents the results for the effect of the share of adults with a college degree on inmigration, out-migration, and net migration, but the regressions also contain the other
variables included previously. The full results are available upon request. I discuss the
main results from Table 5 only briefly. The coefficients in Table 5 are also illustrated
graphically in Figure 1.
Evidence in the previous section suggests that individuals are moving to smart cities
primarily for higher education. This suggests that the age distribution of persons moving
to high human capital cities is likely to be skewed toward persons in their primary collegegoing years. Table 5 confirms this expectation. The effect of human capital on in-migration
is largest for the 20–24 age group followed by the 15–19 and 24–29 age groups. This is also
illustrated by the sharp peak in Figure 1 at the 20–24 age group. For older and younger
age groups, the effect of human capital on in-migration is much smaller and even negative
for some age groups.
Previous evidence also suggests that recent in-migrants often leave after completing
their education. Thus, we might expect there to be higher rates of out-migration from high
human capital metropolitan areas for persons in age groups for which people are likely to
have recently completed a degree (or perhaps dropped out of school). The out-migration
estimates in Table 5 and Figure 1 again confirm this hypothesis. The effect of human
capital on out-migration is highest for persons in the 25–29 age group followed by persons
in the 30–34 and 20–24 age groups.
The results in the third column of Table 5 suggest that on net high human capital
cities are gaining workers in their peak college-going years (15–19 and 20–24) and losing
workers who have recently finished their education (25–29 and 30–34), which is also nicely
illustrated in Figure 1. However, the inflow of the younger cohorts exceeds the outflow of
the older cohorts. Thus, looking at migration by age provides further evidence that smart
cities are growing because some of the individuals who move for higher education stay
in the city after completing their education. As suggested by Chen and Rosenthal (2008),
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TABLE 5: Results of Human Capital Stock on Migration by Age Group, 1995–2000
Age 5–9
Age 10–14
Age 15–19
Age 20–24
Age 25–29
Age 30–34
Age 35–39
Age 40–44
Age 45–49
Age 50–54
Age 55–59
Age 60–64
Age 65–69
Age 70–74
Age 75–79
Age 80–84
Age 85+

In

Out

Net

0.004
(0.005)
0.001
(0.004)
0.167∗∗
(0.020)
0.420∗∗
(0.050)
0.105∗∗
(0.010)
0.039∗∗
(0.007)
0.017∗∗
(0.006)
0.011∗
(0.005)
0.013∗∗
(0.005)
0.003
(0.005)
−0.005
(0.005)
−0.013∗
(0.005)
−0.012∗∗
(0.004)
−0.007∗
(0.003)
−0.005∗
(0.002)
−0.001
(0.001)
−0.000
(0.001)

0.005
(0.006)
0.001
(0.004)
−0.007
(0.003)
0.064∗∗
(0.012)
0.248∗∗
(0.033)
0.087∗∗
(0.009)
0.029∗∗
(0.005)
0.013∗∗
(0.004)
0.006∗
(0.003)
0.006∗
(0.002)
0.001
(0.002)
−0.001
(0.001)
−0.004∗∗
(0.001)
−0.004∗
(0.002)
−0.003∗
(0.001)
−0.004∗∗
(0.001)
−0.004∗∗
(0.001)

−0.002
(0.005)
−0.000
(0.005)
0.173∗∗
(0.021)
0.356∗∗
(0.040)
−0.144∗∗
(0.029)
−0.049∗∗
(0.010)
−0.012
(0.006)
−0.002
(0.005)
0.006
(0.005)
−0.003
(0.005)
−0.007
(0.005)
−0.011∗
(0.005)
−0.008∗
(0.004)
−0.003
(0.002)
−0.002
(0.001)
0.003∗
(0.001)
0.003∗
(0.001)

Notes: All regressions contain 323 PMSA/MSA observations and the additional explanatory variables included in Table 3. Time-varying explanatory variables are measured as of 1990. Huber–White robust standard
errors in parentheses.
∗
Significant at 5 percent level; ∗∗ Significant at 1 percent level.

migration is likely to have important effects on the age distribution of cities. Smart cities
that contain flagship universities are likely to have a regular supply of young highly
educated workers to keep them relatively young.

Excluding “College Towns” and Smaller Cities
Given the high incidence of small metropolitan areas with flagship universities in
Table 1, one might be concerned that the results thus far may be dominated by the effect of
“college towns.” College towns are generally thought to be small and mid-sized metropolitan areas that are dominated by the presence of a local college or university. Thus, two
questions emerge. First, is the connection between human capital and population growth
solely due to the growth of college towns? In other words, are smart cities other than
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FIGURE 1: Human Capital Migration Coefficients by Age Group.
TABLE 6: Migration Rate Tabulations by “College Town” Status, 1995–2000
Cities in the top 20% of college share that are not “college towns” (N = 43)
Cities in the top 20% of college share that are “college towns” (N = 21)

In

Out

Net

0.208
0.323

0.168
0.245

0.040
0.078

Note: A metro area is defined as a college town if its share of in-migrants age 18–24 is more than one standard
deviation above the mean share of in-migrants age 18–24 across all metro areas.

college towns growing as well? Second, if noncollege town smart cities are growing as
well, does student in-migration play an important role in their growth?
To answer these questions, I begin by identifying college towns based on a definition
similar to that suggested by Plane and Heins (2003). I define a metropolitan area as a
college town if the age profile of its in-migration flows is skewed toward persons age 18–24.
More specifically, a metro area is defined as a college town if its share of in-migrants age
18–24 is more than one standard deviation above the mean share across all metro areas.
This definition identifies 40 metro areas as college towns including all of the relatively
small metropolitan areas surrounding major public universities included in Table 1.20
Evidence on the first question is offered by tabulating migration rates for the top
20 percent of metropolitan areas by the share of college graduates separately for college
towns and noncollege towns. These tabulations are presented in Table 6. The tabulations
suggest that for the top 20 percent of cities, college town have higher rates of net migration
(0.078) and are hence growing faster than noncollege towns (0.040). However, comparing
Table 6 to Table 2, noncollege towns in the top 20 percent of human capital still have
higher rates of net migration than metropolitan areas outside of the top 20 percent of
human capital. In other words, the connection between the local human capital stock and

20
The results to follow are generally robust to expanding the definition of college towns to be more
inclusive.
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TABLE 7: Robustness to Excluding College Towns and Smaller Cities, 1995–2000
Enrolled in Higher Education

Not Enrolled in Higher Education

In

Out

Net

In

Out

Net

0.202∗∗
(0.025)
283
0.39

0.040∗∗
(0.007)
283
0.35

0.162∗∗
(0.025)
283
0.24

0.162∗
(0.076)
283
0.38

0.170∗∗
(0.038)
283
0.36

−0.009
(0.072)
283
0.26

B. Larger Cities Only (MSA Population >500,000)
0.030∗∗
Share with bachelor’s degree
0.199∗∗
(0.037)
(0.009)
Observations
92
92
0.48
0.53
R2

0.169∗∗
(0.035)
92
0.40

0.158
(0.176)
92
0.51

0.148∗∗
(0.043)
92
0.56

0.010
(0.160)
92
0.40

A. Excluding “College Towns”
Share with bachelor’s degree
Observations
R2

Notes: All regressions also contain additional controls for population, median family income, manufacturing
share, January temperature, July temperature, precipitation, and region dummy variables with time-varying
explanatory variables measured as of the previous decennial census. Huber–White robust standard errors in
parentheses.
∗
Significant at 5 percent level; ∗∗ Significant at 1 percent level.

population growth is not solely due to the growth of college towns, though the influence
of college towns is important.
To answer the second question, we return to the regression analysis. Panel A of
Table 7 reproduces the regressions in Panel A of Table 4, in which migration equations
are estimated separately for those enrolled in higher education and those who are not,
but excludes the 40 college towns from the analysis. The human capital coefficient is
positive and significant in the in-migration equations for both those enrolled and those
not enrolled. The coefficient, however, is larger for those enrolled, suggesting that student
migrants still account for the majority of the relationship between human capital and inmigration even after college towns are excluded from the analysis. Additionally, even after
excluding college towns, the coefficient for human capital in the net migration equation is
positive and significant for those enrolled, and significantly larger in absolute value than
the coefficient for those not enrolled. This again suggests that smart cities are growing
even after excluding college towns.
As a further test of the robustness of the analysis, I also estimate the migration
equations including only metro areas with a 1990 population of at least 500,000 people,
since larger cities are unlikely to be considered college towns.21 The results are presented
in Panel B of Table 7. Similar to previous results, the majority of the effect of human
capital on in-migration is due to those enrolled in college. Thus, even for relatively large
metropolitan areas migration for college appears to play an important role in the connection between human capital and population growth.
Note also that the sum of the net migration coefficients in Panel B of Table 7 is
significantly smaller than the sum of the net migration coefficients for the full sample.
Thus, larger smart cities are not growing as fast as their smaller counterparts. This likely
results in part because a number of larger smart cities, such as San Francisco and Boston,
have a relatively inelastic supply of housing. Thus, instead of growing in population, these
areas experience increases in housing prices (Gyourko et al., 2006).

21

The results are qualitatively robust to using a different population cutoff to define larger cities.
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TABLE 8: Migration by Previous Residence, 1995–2000
Same State
In

Share with bachelor’s degree
R2

Out
∗∗

0.460
(0.083)
0.35

Different State or Country
Net

∗∗

0.225
(0.054)
0.29

In
∗∗

0.236
(0.049)
0.23

Out
∗∗

0.275
(0.073)
0.29

Net
∗∗

0.210
(0.047)
0.31

0.065
(0.056)
0.27

Notes: All regressions contain 323 PMSA/MSA observations and the additional explanatory variables included in Table 3. Time-varying explanatory variables are measured as of 1990. Huber–White robust standard
errors in parentheses.
∗
Significant at 5 percent level; ∗∗ Significant at 1 percent level.

Migration by Previous Residence
I next examine whether smart cities are growing by gaining migrants from other
states and countries or by gaining migrants from within the same state. We might expect
much of the migration to smart cities to come from within the same state since smart
cities often contain large state universities that get a large share of their enrollment
from within the state. In Table 8, I estimate the effect of the human capital level in a
metropolitan area on migration separately for persons who moved from within the same
state and for persons who did not.22 The results in the first and fourth columns suggest
that roughly 63 percent of the differential gross in-migration to high human capital cities
is from persons within the same state. The remaining portion results from persons moving
from other states and other counties. The results in the second and fifth columns, however,
suggest that high human capital cities lose about as many people to other areas within
the same state as they do to areas outside of the state. As a result, the effect of the
local human capital stock on positive net migration is largely attributable to persons
moving from within the same state as shown in the third and sixth columns. According
to the estimates, within state moves account for more than 78 percent of the effect of
the human capital stock on total net migration, and we cannot reject the hypothesis that
net migration from areas outside the state is unaffected by the local human capital level.
Importantly, this suggests that population growth in high human capital cities may not
result in population growth at the state level. Similarly, Burtless (2004) shows that the
strong positive correlation between the human capital stock and future population growth
found across metropolitan areas does not hold at the state level, at least for the period
from 1990 through 2000. His estimates suggest that the share of college educated adults
in a state has virtually no effect on future population growth in the state.
These findings have important implications for policy makers. High human capital
cities are growing primarily by gaining young people pursuing higher education from
other areas within the same state. Thus, the growth of smart cities partially involves an
intrastate “brain drain” from areas without higher education institutions to areas with
higher education institutions. Over time, this can have important effects in redistributing
skilled workers within a state. If the current pattern continues to hold, areas with a
comparative advantage in higher education will continue to thrive while areas that offer
little higher education opportunities are likely to be less successful.
22
For metropolitan areas that crossed state boundaries, I considered the move to be within state if
the portion of the metropolitan area in which the individual lived was in the same state as that in which
they moved to or from. For example, a person moving from Topeka, Kansas to Kansas City, Kansas would
be classified as an in-state mover. However, someone moving from Topeka to Kansas City, Missouri would
be classified as an interstate mover, even though Kansas City, Kansas and Kansas City, Missouri are in
the same metropolitan area. The same holds for out-migration as well.
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TABLE 9: Migration of U.S. Born by Enrollment, 1995–2000
Enrolled in Higher Education
In

Share with bachelor’s degree
R2

Out
∗∗

0.579
(0.065)
0.59

Net
∗∗

0.069
(0.010)
0.48

Not Enrolled in Higher Education
In

∗∗

0.510
(0.057)
0.55

0.056
(0.047)
0.33

Out

Net
∗∗

0.307
(0.039)
0.50

−0.251∗∗
(0.055)
0.26

Notes: All regressions contain 323 PMSA/MSA observations and the additional explanatory variables included in Table 3. Time-varying explanatory variables are measured as of 1990. Huber–White robust standard
errors in parentheses.
∗
Significant at 5 percent level; ∗∗ Significant at 1 percent level.

Migration by U.S. Born as a Robustness Check
One concern discussed above is that we do not observe people who leave the country.
If large numbers of students come to the United States for higher education and then
leave once their education is complete, my estimates will overstate the growth effects of
human capital and will overattribute growth to persons moving for higher education. To
see if this is driving the results, I reestimate the migration by enrollment equations for
the 1995–2000 period including only persons born in the United States The results are
reported in Table 9. Comparing the results to Panel A of Table 4, the coefficients on the
share of adults with a college degree decrease slightly in all columns, but the results are
qualitatively the same. The bulk of those moving to smart cities are enrolled in college,
the bulk of those leaving smart cities are not, and smart cities gain more people than they
lose causing them to grow.

Increased Enrollment as an Alternative Explanation
The evidence thus far has been interpreted to suggest that smart cities are growing because many of the people who move to high human capital cities to pursue higher
education end up staying in the city after their education is complete. An alternative
explanation that could also be consistent with the evidence in previous sections is that
high human capital cities are growing because they have experienced larger increases in
enrollment (and hence higher rates of in-migration) in higher education than low human
capital cities. In other words, increased enrollment could cause population growth even if
all students leave the area after completing their education. To examine this possibility,
I look at changes in the number of people in a metropolitan area by college enrollment
between 1990 and 2000 using data from the U.S. Counties database (U.S. Department of
Commerce, Bureau of the Census, 2008) with metropolitan areas now measured as New
England County Metropolitan Areas (NECMA) in New England and Primary Metropolitan Statistical Areas/Metropolitan Statistical Areas (PMSA/MSA) outside of New England
according to 1999 metropolitan area definitions. More specifically, I estimate
(4)

(Popenr, j,t+1 − Popenr, j,t )/Pop j,t = ␤enr Sj,t + enr Z j,t + εenr, j ,

and
(5)

(Popnot, j,t+1 − Popnot, j,t )/Pop j,t = ␤not Sj,t + not Z j,t + εnot, j ,

where Popenr,j,t+1 is the number of people in metropolitan area j enrolled in higher education in time t + 1, Popnot,j,t+1 is the number of people in metropolitan area j not enrolled
in higher education in time t + 1, Popj,t is the total population in metropolitan area j in
time t, and Z is the vector of additional explanatory variables included previously.
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TABLE 10: Population Growth by Enrollment in Higher Education, 1990–2000
Share with bachelor’s degree
R2

Enrolled

Not Enrolled

0.097∗∗
(0.022)
0.29

0.302∗
(0.127)
0.38

Notes: All regressions contain 318 NECMA/PMSA/MSA observations and the additional explanatory variables in Table 3. Time-varying explanatory variables are measured as of 1990. Huber–White robust standard
errors in parentheses. See text for details on computation of population growth by enrollment.
∗
Significant at 5 percent level; ∗∗ Significant at 1 percent level.

The total effect of the human capital stock on population growth is equal to the sum
of ␤enr and ␤not in (4) and (5). If the growth of high human capital cities is entirely due to
increases in enrollment without at least some student in-migrants staying after completing their education, then ␤not should equal zero. The results from (4) and (5) are reported
in Table 10. The results suggest that high human capital metropolitan areas experience
larger increases in the numbers of both enrolled persons and nonenrolled persons than
low human capital metropolitan areas. More than 75 percent of the total effect, however,
is attributable to changes in the number of people not enrolled.23 Thus, while the growth
of smart cities is partially attributable to greater increases in enrollment in smart cities,
the bulk of the growth of smart cities is not. The largest source of population growth for
smart cities appears to be that a large number of persons move to high human capital
cities for higher education and then stay in the city after their education is complete.

6. CONCLUSION
This paper examines why smart cities are growing by examining who moves to smart
cities. Because smart cities are often centers of higher education, persons moving to pursue
higher education are hypothesized to play an important role in the growth of smart cities.
In support of this hypothesis, I find that the relationship between human capital and
in-migration is mostly attributable to persons enrolled in higher education.
Upon completing their education, many recent in-migrants leave the city to move back
to a previous location or on to a new location. Many recent in-migrants, however, stay in
the city after their education is complete. Recently acquired connections to employers and
friends and tastes for local amenities cause the city they are in to offer a higher level of
utility than alternative locations. The high rate of recent graduates staying causes smart
cities to grow faster than low human capital cities.
Evidence also suggests that smart cities are growing primarily by gaining young
people pursuing education from other areas within the same state and not from areas
outside the state. The growth of smart cities, therefore, largely involves an intrastate brain
drain from areas without higher education opportunities to areas with higher education
opportunities.

23
Note, however, that the total effect of the college share on population growth in Table 10 (0.399) is
less than twice the effect of the college share on net migration in the last column of Table 3 (0.300). This
may partially result from much larger coefficients on amenities and region dummies for the regression
in the second column of Table 10 suggesting that amenities may have played a greater role in population
growth between 1990 and 1995. When the regressions in Table 10 are estimated with only the college share
as an explanatory variable, the total effect (0.400) is roughly twice that of the coefficient for net migration
in the third column of Table 3. Also, the share of population growth attributed to increased enrollment
falls to less than 12 percent when only the college share is included as an explanatory variable.
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