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a b s t r a c t 

Using a sample of college graduates from the 20 0 0U.S. Census, this paper estimates the relationship be- 

tween the location of labor-force entry and wage growth. The results show faster wage growth among 

workers who spend their early working years in larger, more densely populated cities with more highly 

educated populations. The estimates suggest that, for an average-ability worker entering the labor force 

in a large city, the initial wage premium upon labor-force entry is 15.7 percent, and the wage-growth pre- 

mium after 5 years is 7.2 percent. Individual ability boosts wage growth in large cities but not in small 

cities or rural areas. As a result, higher-ability college graduates sort themselves into larger cities when 

they enter the labor force, leading to an additional urban wage-growth gap of 3.2 percent after 5 years. 
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1. Introduction 

Between 1995 and 20 0 0, 66 percent of U.S. college graduates

changed their metropolitan statistical areas (MSAs) of residence

when they entered the labor force. These young, highly educated

workers are especially likely to move to larger cities ( Glaeser, 1999;

Chen and Rosenthal, 2008 ), which have denser input-output link-

ages between buyers and suppliers, more efficient labor markets,

and faster human capital accumulation ( Duranton and Puga, 2004 ).

The latter two advantages associated with city size may cause

faster wage growth in large cities for young workers. Several re-

cent empirical studies have investigated the effect of city popula-

tion on wage growth using panel data. 1 For instance, using sam-

ples drawn from the National Longitudinal Survey of Youth 1979

(NLSY79) and the Panel Study of Income Dynamics (PSID), Glaeser

and Mare (2001) suggest that a significant fraction of the urban

wage premium accrues to workers over time and stays with them

when they leave the city. Using the NLSY79, Baum-Snow and Pa-

van (2012) show that wage-growth effects explain 57 percent of

the wage premium of the largest MSAs over small MSAs and ru-

ral areas for college graduates and 78 percent of this premium for

high school graduates. 
E-mail address: wangzhi@fudan.edu.cn 
1 See, for example, Glaeser and Mare (2001), Wheeler (2006), Yankow (2006), 

Gould (2007) , and Baum-Snow and Pavan (2012) . 
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Limitations of the panel data sets like the NLSY79 and the PSID

nclude that their sample size is relatively small and their geo-

raphic coverage is limited. In this paper, I develop a novel empir-

cal strategy that allows me to estimate the relationship between

he location of labor-force entry and wage growth using a sample

f college graduates from the 20 0 0 Census data. Taking advantage

f the large sample of Census data, I estimate wage-growth dif-

erentials for 328 localities covering the full contiguous U.S. states.

he first step of my analysis is to measure the initial wage levels

nd the rates of wage growth of college graduates in different U.S.

ities. I use the cohort of the age group 22–26 to estimate the ini-

ial wage levels. Because the Census data do not include historical

ages, I estimate the wage-growth rates using an older cohort of

he age group 27–31 under the assumption that the initial wage

evels of the two cohorts are the same. 

Previous research suggests that high-ability workers may expe-

ience faster wage growth in larger cities ( Baum-Snow and Pavan,

012 ). This implies that the wage premium in large cities in my

ample may be caused in part by ability sorting. The Census data,

owever, do not contain any measure of ability beyond education

ttainment. To overcome this problem, I create a migration-based

roxy for ability. According to the migration literature, migrants to

ities far from their home towns bear a higher permanent trans-

ortation cost to maintain social connections in their home towns.

herefore, any state that is far from a large city should have a

maller fraction of native-born workers who enter the labor force

n large cities. When ability is normally distributed, the average

bility of workers in any city who were born in same state can

http://dx.doi.org/10.1016/j.jue.2016.07.002
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jue
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jue.2016.07.002&domain=pdf
mailto:wangzhi@fudan.edu.cn
http://dx.doi.org/10.1016/j.jue.2016.07.002
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2 The estimation method requires that there be a sufficiently large number of 

individuals drawn from each birth state within each city category of identical ability 

effect on wage growth. Therefore, the most straightforward practice is to conduct an 

estimation for the case where there are two size categories. Technically, I can easily 

adjust the model to accommodate cases where there are multiple city categories, 

and these estimation results are available upon request. 
e explicitly expressed as a decreasing function of the fraction of

orkers from that state who entered the labor force in a large city.

sing workers’ birth states and locations of labor-force entry, I con-

truct ability proxies and estimate the effects of ability on wage

rowth and the extent of ability sorting. I also provide corroborat-

ng evidence from the NLSY79, which contains individual Armed

orce Qualification Test (AFQT) scores that measure individual abil-

ty before labor-force entry. 

The results indicate that wage growth is faster if a worker en-

ers the labor force in a larger, more densely populated city with

 more highly educated population. For an average-ability worker

ntering the labor force in a large city, the initial wage premium

pon labor-force entry is 15.7 percent, and the wage-growth pre-

ium after 5 years is 7.2 percent. A one-standard-deviation in-

rease in ability raises wage growth by 4.3 percent in large cities,

hereas no evidence of such an ability effect is found in small

ities or rural areas. As a result, higher-ability college graduates

ort themselves into larger cities when they enter the labor force,

eading to an additional urban wage-growth gap of 3.2 percent af-

er 5 years. Overall, for the workers entering the labor force in

arge cities, the wage premium is about 26.1 percent after 5 years,

nd the sorting of ability accounts for roughly 10 percent of this

age gap. 

My estimate of the overall wage premium is consistent with

he existing literature (e.g., Glaeser and Mare, 2001; Baum-Snow

nd Pavan, 2012 ). Previous studies based on the NLSY79 have pro-

ided mixed evidence on the importance of ability sorting in the

.S. Yankow (2006) suggests that two thirds of the wage premium

n urban areas with populations of more than 1 million can be

xplained by the sorting of higher unmeasured skills and ability

nto these localities. Glaeser and Mare (2001) show that control-

ing for individual AFQT does not significantly affect the magnitude

f the urban wage premium. Baum-Snow and Pavan (2012) even

nd that sorting contributes negatively to the observed urban wage

remium. Compared with the NLSY79, the Census data set is larger

nd more representative. 

The remainder of this paper is organized as follows.

ection 2 presents the model. Section 3 discusses the data

nd the empirical method. Section 4 presents the main results and

pecification checks. Section 5 provides corroborating evidence

rom the NLSY79 data. Section 6 concludes. 

. Model 

There is a continuum of individuals, indexed by i , who are iden-

ical except for a i , their inherent ability, and b i , the state in which

ach was born. There are B states, and the ability of the individuals

orn in each state follows a standard normal distribution. 

There are two periods, and every individual works in both pe-

iods. I call an individual in period 1 a young worker ( Y ), and an

ndividual in period 2 an old worker ( O ). At the beginning of pe-

iod 1, each individual chooses to enter the labor force in one of J

ocations, which, for convenience, I refer to as a “city.”

An individual i who works in city k in period 1 receives a wage

 

Y 
i,k = w k , (1) 

here w k is the initial wage level in city k . In addition to w k , an

ld worker in city k who worked in city j in period 1 receives a

age increase �w i, j, k . His t otal wag e is ther efor e equal t o 

 

O 
i, j,k = w k + �w i, j,k . (2) 

I assume that 

w i, j,k = g j + π j a i + ε i,k , (3) 

here g j is the wage growth specific to period-one city j, π j is

he effect of ability on wage growth, and ɛ i, k is an individual-level
andom shock that is realized at the end of period 1. I assume that

 i, k is independently and identically distributed over i and over k . 

For the sake of estimation, I classify J cities into two categories

ased on their population sizes; namely, the small-city category

nd the large-city category. I also assume that π j depends only on

hether j is large or small. Let π L and π S denote the effects of

bility on wage growth in a large city and in a small city, respec-

ively. 2 I assume that π L > π S in order to capture the idea that the

age growth differential between higher-ability and lower-ability

ndividuals is greater in large cities. 

At the beginning of period 1, each individual i chooses a city j

n which to work in period 1 in order to maximize his expected

ifetime utility 

 i, j = w 

Y 
i, j + ηb i , j + E 

[
max 

k ∈{ 1 ,...,J} 
{ w 

O 
i, j,k + ηb i ,k 

} 
]
. (4)

In ( 4 ), ηb i , j and ηb i ,k 
denote the part of worker i ’s utility that is

ffected by non-productive attributes of the city (e.g., consumption

menities, living costs). The term ηb i , j (similarly ηb i ,k 
) varies by b i ,

he birth state of individual i . People living in cities far from their

irth states may have to bear a permanent transportation cost to

aintain social connections. In ( 4 ), the expectation is taken with

espect to ɛ i, k . Some individuals may move after observing ɛ i, k at

he end of period 1. 

Because ɛ i, k is independently and identically distributed over i

nd over k , the expected lifetime utility V i, j depends only on in-

ividual i ’s ability, birth state, and period-one city. I can therefore

ewrite ( 4 ) as 

 i, j = w j + g j + π j a i + ηb i , j + ψ b i 
, (5)

here ψ b i 
≡ E[ max 

k ∈{ 1 ,...,J} { w k + ηb i ,k 
+ ε i,k } ] . While I assume that ηb, j 

s exogenous, in a spatial-equilibrium model (e.g., Roback, 1982 ), a

arge city’s greater productivity (i.e., its higher w j or g j ) will lead to

 higher living cost (i.e., lower ηb, j ), which will prevent low-ability

orkers from moving into that large city. Let ρ( j ) ∈ { S, L } denote

he size of city j . For birth state b , there exists a unique selection

hreshold 

 

∗
b = −max { j : ρ( j )= L } { w j + g j + ηb, j } − max { j : ρ( j )= S} { w j + g j + ηb, j }

πL − πS 

(6) 

uch that individuals with ability above a ∗
b 

move to the “best city”

n the large-city category (i.e., the city with the highest value of

 w j + g j + ηb, j } among large cities), while those with ability below

 

∗
b 

move to the “best city” in the small-city category. When there

re multiple best cities in the same category, the individual will

andomly select one. 

Based on ( 3 ), the average wage growth conditional on birth

tate ( b ) and period-one city ( j ) is 

(�w i, j,k ) = g j + πS E(a | a < a ∗b i ) I ρ( j)= S + πL E(a | a > a ∗b i ) I ρ( j)= L , 

(7) 

here I ρ( j)= S is an indicator function that equals 1 if city j is small,

nd I ρ( j)= L is an indicator function that equals 1 if city j is large.

ote that both E(a | a < a ∗
b 
) and E(a | a > a ∗

b 
) vary with birth state.

his birth-state variation is key to the estimation of g j , π S , and π L .

lthough ability is not directly observed, P b , the fraction of individ-

als born in state b who live in a large city in period 1, is known.
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Table 1 

Summary statistics. 

27 to 31 22 to 26 

Migration history 

Entered the labor force in large cities (%) 42 .5 49 .0 

Switched cities after labor-force entry (%) 43 .8 

Labor market information 

Weeks worked in 1999 51 .3 50 .9 

(2 .2) (2 .7) 

Usual hours worked per week in 1999 46 .9 45 .5 

(8 .4) (8 .0) 

Hourly wage rate 21 .9 16 .3 

(15 .7) (9 .9) 

Industry sectors 

Construction (%) 4 .1 4 .1 

Manufacturing (%) 16 .4 14 .5 

Transportation and warehousing (%) 2 .6 2 .0 

Utilities (%) 2 .8 2 .4 

Wholesale (%) 5 .4 4 .0 

Retail trade (%) 11 .3 11 .0 

Business services (%) 27 .5 28 .4 

Personal services (%) 1 .9 2 .1 

Entertainment and recreation services (%) 3 .2 3 .5 

Professional and related (%) 16 .8 20 .2 

Public administration (%) 7 .9 7 .8 

Other demographics 

Age 28 .9 24 .4 

(1 .4) (1 .3) 

Single 0 .4 0 .7 

Observations 43 ,034 35 ,063 

Notes: Standard deviations are in parentheses. Large cities include only MSAs of 

more than 1.5 million people in the 20 0 0 Census. 
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Let �, �−1 , and φ denote the CDF, inverse of CDF and PDF of the

standard normal distribution, respectively. Since we assume that

ability follows a standard normal distribution 

P b = 1 − �(a ∗b ) . (8)

I can therefore construct the following proxy measures for

E(a | a < a ∗
b 
) and E(a | a > a ∗

b 
) : 

λb,S ≡ E(a | a < a ∗b ) = −φ( �−1 (1 − P b )) 

1 − P b 
, (9)

λb,L ≡ E(a | a > a ∗b ) = 

φ( �−1 (1 − P b )) 

P b 
. (10)

Substituting ( 7 ), ( 9 ), and ( 10 ) into ( 3 ), I obtain the wage-growth

regression model 

�w i, j,k = g j + πS λb i ,S 
I ρ( j)= S + πL λb i ,L 

I ρ( j)= L + u i, j,k , (11)

where 

u i, j,k ≡ ε i,k + πS ( a i − λb i ,S 
) I ρ( j)= S + πL ( a i − λb i ,L 

) I ρ( j)= L . 

Conditional on period-one city and birth state, the expected

mean of u i, j, k is zero. Therefore, I can estimate g j , π S and π L by

running a regression in accordance with ( 11 ). 

3. Empirical implementation 

3.1. Census data 

The primary data source is the Census Public Use Microdata 5

Percent Sample from 20 0 0 ( Ruggles et al., 2010 ). I focus on a sam-

ple of white men, aged 22 to 31 as of December 31, 1999, whose

highest education attainment is a bachelor’s degree. For these indi-

viduals, the Census reports the state of birth, the MSA of residence

5 years prior to the survey (i.e., residence in 1995), and the MSA

of current residence. 

I limit my analysis to individuals who reported working at least

40 weeks, at least 35 hours per week and earning at least 75 per-

cent of the federal minimum wage in 1999. 3 I focus on college

graduates with no graduate degrees because the timing of their

labor-force entry varies less than that of other education groups. I

exclude individuals in the primary sector, those with military his-

tory, and those born outside of the contiguous U.S. Table 1 presents

the summary statistics for these two age cohorts. 

My sample covers 328 localities of labor-force entry. Among

them, 281 are MSAs, and the remaining 47 each represent the ru-

ral area of a state. The MSAs having more than 1.5 million peo-

ple in 20 0 0 are classified into the large-city category. Rural areas

and MSAs with less than 1.5 million people are classified into the

small-city category. 4 Fig. 1 presents the 36 large cities in my sam-

ple. Table 1 shows that nearly 50 percent of the college graduates

in my sample entered the labor force in a large city. 

3.2. Wage growth measure 

The age groups 22–26 and 27–31 are adopted as the empiri-

cal counterparts for young and old workers in the model in order

to construct a measure of wage growth. For the younger cohort,
the current residence is assumed to be the location in which these 

3 The full-time, full-year limitation allows me to focus on individuals who are 

less likely to be constrained to staying in their residential locations by family or 

education considerations. Measurement error is an additional justification for using 

full-time, full-year workers because Baum-Snow and Neal (2009) demonstrate that 

significant measurement error exists in hourly wages for part-time and part-year 

workers in the Census data. 
4 In Section 4.4.3 I show that 1.5 million is a reasonable city-size cutoff point. 

a

i

t

ndividuals entered the labor force. For the older cohort, their resi-

ence in 1995 is assumed to be the location in which they entered

he labor force. 

The model assumes that the younger and older cohorts in the

ame city k receive the same initial wage levels w k ( Eq. (1) and

 2 )). 5 I first estimate w k by running the regression 

 

Y 
i,k = w k + X i ̃  ϕ + u 

Y 
i (12)

ith the sample of the younger cohort. In Eq. (12) , w 

Y 
i,k 

is the log of

he hourly wage for individual i in city k; X i is a vector of control

ariables including age, age squared, marital status, and industry

ummies; and u Y 
i 

is an error term. 6 The wage growth rate of the

lder cohort is obtained by subtracting the estimated initial wage

evels ( ̂  w k ) from their wages; i.e., 

w i, j,k = w 

O 
i, j,k − ˆ w k , (13)

here w 

O 
i, j,k 

is the log of the hourly wage for individual i in city k

ho lived in city j in 1995. 

.3. Large-city fraction by birth state 

Because the information on the location of labor-force entry of

he younger cohort is more accurate than that of the older cohort, I

se the younger cohort to calculate P b , the fraction of college grad-

ates born in state b who entered the labor force in a large city. 7 

ig. 2 shows that P b ranges from 0.14 to 0.80. This large variation
5 I assume that the city-specific initial wage levels remain constant between 1995 

nd 20 0 0. Chen and Rosenthal (20 08) find that the correlation of the local produc- 

tivity of U.S. cities between 1990 and 20 0 0 is 93.21%. 
6 The log of the hourly wage is calculated as the logarithm of wage and salary 

ncome divided by the product of weeks worked and usual hours worked per week. 
7 The main regression results do not change significantly if I use the older cohort 

o calculate P b . 
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Fig. 1. Spatial distribution of large cities in the U.S. 

0 .2 .4 .6 .8
Fraction of college graduates entering the labor force in a large city
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Fig. 2. Fraction of college graduates entering the labor force in a large city by birth state. 
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ay be explained by the spatial pattern of large cities in the U.S.

s shown in Fig. 1 , its large cities are spatially concentrated. The

ark-colored states represent states that have no large cities within

heir boundaries (“rural states”), while the light-colored states in-

lude at least one (“urban states”). 8 According to the migration lit-

rature (e.g., Schwartz, 1973 ), people born in rural states who mi-

rate to large cities may have to make more return trips to main-

ain social connections and, therefore, may need to bear a higher

ermanent transportation cost, which lowers the utility they gain

rom living in large cities. Hence, the selection threshold in ( 6 ) for
8 In the contiguous U.S., 22 of the 49 states (including Washington, DC and ex- 

luding Hawaii and Alaska) had an MSA of more than 1.5 million people in 20 0 0 

ithin their boundaries. An MSA’s boundaries may cross state boundaries. The 

hiladelphia metropolitan area, for example, is shared between NJ and PA, and MO 

nd IL share the St. Louis metropolitan area. 

a  

c

v

ural states should be higher and the fraction of those who mi-

rate to large cities should be smaller. Indeed, as shown in Fig. 2 ,

ollege graduates born in rural states such as AR, TN, MS, KY, and

C were less likely to obtain their first jobs in large cities, while

he majority of college graduates born in urban states such as DC,

D, CA, IL, and MA were more likely to enter the labor force in

arge cities. 9 

.4. Specification of wage-growth regression 

In my sample, the relationship between the ability proxies λb, S 

nd λb, L in the wage-growth regression model ( 11 ) is almost lin-
9 Besides transportation costs, people born in different states may value large-city 

onsumption amenities differently, thereby causing the selection threshold in ( 6 ) to 

ary across birth states. 
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Table 2 

Wage-growth regressions. 

Panel A: Wage-growth regression results 

Dependent variable: Wage growth, the 1 2 

27–31 age cohort Full sample MSA sample 

Log(population size) 0 .020 ∗∗∗ 0 .021 ∗∗∗

(0 .004) (0 .005) 

Population density 0 .008 ∗∗∗ 0 .008 ∗∗∗

(0 .003) (0 .003) 

Share college graduates in labor force 0 .230 ∗∗∗ 0 .211 ∗∗∗

(0 .034) (0 .039) 

Dummy: large city at labor-force entry 0 .022 0 .033 ∗

(0 .018) (0 .020) 

Dummy: large city at labor-force entry ∗ Birth 

state’s large-city fraction 

–0 .055 ∗ –0 .078 ∗∗

(0 .031) (0 .034) 

Birth state’s large-city fraction –0 .025 –0 .011 

(0 .019) (0 .022) 

R-squared 0 .103 0 .099 

Observations 43 ,034 35 ,289 

Panel B. Effects of ability on wage growth in large and small city categories 

Ability effect in large ( π L ) 0 .043 ∗∗∗ 0 .049 ∗∗∗

(0 .014) (0 .015) 

Ability effect in small ( π S ) 0 .016 0 .007 

(0 .012) (0 .014) 

Notes: Standard errors in parentheses are 2-way clustered by the locality of res- 

idence in 1995 and by birth state. All columns include age, age squared, marital 

status, 10 industry dummies, and a constant term. 
∗ significance at 10%. 
∗∗ significance at 5%. 
∗∗∗ significance at 1%. 

Table 3 

Localities with highest and lowest wage growth. 

Rank MSA/non-MSA Name Rank MSA/non-MSA Name 

1 Jersey City, NJ 309 Jacksonville, NC 

2 New York-Northeastern NJ 310 Rural, VA 

3 Boston, MA 311 Rural, TN 

4 Washington, DC/MD/VA 321 Houma-Thibodoux, LA 

5 San Francisco-Oakland-Vallejo, CA 313 Rural, WI 

6 Chicago-Gary-Lake, IL 314 Danville, VA 

7 Los Angeles-Long Beach, CA 315 Rural, MN 

8 Orange County, CA 316 Rural, PA 

9 Nassau Co, NY 317 Rural, KS 

10 San Jose, CA 318 Rural, MT 

11 Philadelphia, PA/NJ 319 Rural, AR 

12 Bergen-Passaic, NJ 320 Rural, NM 

13 Oakland, CA 321 Rural, MO 

14 Stamford, CT 322 Rural, NY 

15 Atlanta, GA 323 Rural, NC 

16 Middlesex-Somerset-Hunterdon, NJ 324 Rural, NV 

17 Newark, NJ 325 Rural, LA 

18 Seattle-Everett, WA 326 Rural, CA 

19 Minneapolis-St. Paul, MN 327 Rural, MA 

20 Baltimore, MD 328 Rural, AZ 

r  

i  

s  

c  

u  

t

ear, as both are approximately linear in P b . 
10 Therefore, for regres-

sion purposes, I apply the following linear approximations: 

λb,S ≈ −˜ λS − δS P b , (14)

λb,L ≈ ˜ λL − δL P b . (15)

I regress λb, S and λb, L on P b , weighting each state by the num-

ber of individuals in the younger cohort born in that state. The

estimates of ˜ λS , δS , ˜ λL , and δL are 0.02, 1.59, 1.75, and 1.84, respec-

tively. 

I assume that the wage growth specific to the locality of labor-

force entry j in ( 11 ) can be expressed as a linear function of locality

j ’s attributes Z j : 

g j = Z j γ . (16)

Substituting ( 14 )-( 16 ) into ( 11 ), I obtain 

�w i, j,k = γ0 + Z j γ + α1 I ρ( j)= L + α2 I ρ( j)= L P b i + α3 P b i + X i ϕ + u i, j,k , 

(17)

where 

α1 = πL ̃
 λL + πS ̃

 λS , α2 = −πL δL + πS δS , and α3 = −πS δS . 

In ( 17 ), γ 0 is a constant term, X i includes age, age squared, mar-

ital status, and industry dummies, and u i, j, k is the error term. The

parameters π S and π L are identified from the estimates of α2 and

α3 in ( 17 ). For the main regression, Z j includes locality j ’s popula-

tion size, population density, and share of college graduates in the

labor force. 11 All parameters in γ are expected to be positive be-

cause these three attributes are all associated with greater knowl-

edge spillovers. (For a review, see Rosenthal and Strange, 2004 .)

Given that the data on Z j are not available for the rural areas of

the states, I include 47 rural dummies in the regression to capture

the average wage growth of these localities. 

The standard errors in the estimation are two-way clustered by

the locality of residence in 1995 and by birth state. To address the

concern that the estimated standard errors may be inconsistent be-

cause of the sampling error in the linear approximations in ( 14 )

and ( 15 ), I verify the robustness of the inference by examining the

bootstrapped standard errors of the wage-growth regression. De-

tails are presented in Section 4.1 . 

4. Main results from the Census data 

4.1. Differentials in wage growth across U.S. cities 

Table 2 displays the results of the wage-growth regression ( 17 ).

Column 1 reports the results using the full sample of the 27–31 age

cohort. The coefficients on the three locality attributes are all pos-

itive and statistically significant. On average, wage growth is faster

if a worker enters the labor force in a larger, more densely popu-

lated city with a more highly educated population. 

Because the rural area of a state may include multiple labor

markets, the estimated initial wage levels may be less accurate for

the workers in rural areas. Column 2 reports the results of the re-

gression that excludes current rural residents. The results are little

affected. 

In the wage-growth regression, city-specific wage growth ( g j ) is

expressed as a linear function of three human-amenity attributes. I
10 These approximately linear relationships still hold if I assume that ability fol- 

lows other common distributions (e.g., exponential distribution, uniform distribu- 

tion, and Chi-square distribution). 
11 The population size and the share of college graduates in the labor force of each 

of the 281 MSAs are calculated from the 20 0 0 Census data, and the population 

density of each MSA is derived by dividing the population size by the land area 

provided by the U.S. Census Bureau. 
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f

e-run the wage-growth regression with an additional set of local-

ty attributes representing natural amenities and industrial compo-

ition. 12 Results not reported here show that the estimates of the

oefficients on the three human-amenity attributes remain roughly

nchanged, and the estimates of the coefficients on the other at-

ributes are all statistically insignificant. 

Table 3 presents the top and bottom 20 localities in the distri-

ution of g j , based on the coefficients from column 1 of Table 2 .
12 The natural-amenity attributes include the distance to the nearest body of 

ater, annual precipitation, heating-degree days, and cooling-degree days. The 

ndustry-mix attributes include the employment share of business service, employ- 

ent share of manufacturing, and ratio of business service employment to manu- 

acturing employment. 
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Table 4 

Wage-growth regressions with additional birth-state controls. 

Panel A: Wage-growth regression results 

Dependent variable: Wage growth, 1 2 3 

the 27–31 age cohort Full sample Full sample Full sample 

Log(population size) 0 .020 ∗∗∗ 0 .020 ∗∗∗ 0 .020 ∗∗∗

(0 .004) (0 .004) (0 .004) 

Population density 0 .008 ∗∗∗ 0 .008 ∗∗∗ 0 .008 ∗∗∗

(0 .003) (0 .003) (0 .003) 

Share of college graduates in labor 

force 

0 .230 ∗∗∗ 0 .230 ∗∗∗ 0 .216 ∗∗∗

(0 .034) (0 .037) (0 .035) 

Dummy: large city at labor-force 

entry 

Y Y Y 

Dummy: large city at labor-force 

entry ∗ Birth state’s large-city 

fraction 

Y Y Y 

Birth state’s large-city fraction Y Y Y 

Dummy: large city at labor-force 

entry ∗ Birth state’s share of 

highly-educated parents 

Y 

Birth state’s share of 

highly-educated parents 

Y 

Dummy: large city at labor-force 

entry ∗ Birth state’s average 

reading score 

Y 

Birth state’s average reading score Y 

Observations 43 ,034 43 ,034 43 ,034 

Panel B. Effects of ability on wage growth in large and small city categories 

Ability effect in large ( π L ) 0 .043 ∗∗∗ 0 .045 ∗∗∗ 0 .047 ∗∗∗

(0 .014) (0 .017) (0 .013) 

Ability effect in small ( π S ) 0 .016 0 .012 0 .019 

(0 .012) (0 .014) (0 .012) 

Notes: Standard errors in parentheses are 2-way clustered by the locality of res- 

idence in 1995 and by birth state. All columns include age, age squared, marital 

status, 10 industry dummies, and a constant term. The share of highly-educated 

parents is measured with the share of college graduates among married males aged 

between 40 and 60 in 20 0 0 in each state. 
∗ significance at 10%. 
∗∗∗ significance at 1%. 
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ew York, Boston, Washington, DC, San Francisco, Chicago, Los An-

eles, and San Jose are among the top ten in the list of cities hav-

ng the highest wage growth. Localities ranked toward the bottom

re mainly rural areas. 

For an average-ability worker ( a i = 0 ) who entered the labor

orce in a large city, the initial wage premium upon labor-force en-

ry is 15.7 percent, and the wage-growth premium after 5 years is

.2 percent. 13 Therefore, the urban wage premium for an average-

bility worker 5 years after labor-force entry is 22.9 percent. 

The standard errors in the regressions are estimated by two-

ay clustering the residuals on the locality of residence in 1995

nd on the birth state. The results of all tests would remain un-

hanged if the residuals were clustered by either the locality of

esidence in 1995 or by the birth state, or if the standard errors

ere calculated on the basis of 10 0 0 bootstrap replications clus-

ering on the locality of residence in 1995 and on the birth state. 

.2. Effects of ability on wage growth in cities of different sizes 

Panel B of Table 2 reports the estimates of π S and π L . The ef-

ect of ability on wage growth in large cities is positive and signif-

cant. In column 1, the estimate of π L from the full sample sug-

ests that a one-standard-deviation increase in ability raises wage

rowth by 4.3 percent in large cities, which is about 60 percent of

he wage-growth premium for an average-ability worker entering

he labor force in a large city. By contrast, the estimates of π S in

oth columns 1 and 2 are small and statistically insignificant. 

These results support the hypothesis that the wage-growth

dvantage of larger cities increases with ability (i.e., π L > π S ),

hich causes higher-ability college graduates to sort themselves

nto larger cities. The same sorting pattern may also be due to

igh-ability workers’ greater preference for large-city consumption

menities ( Lee, 2010 ). However, the consumption-side explanation

ould imply that the urban wage premium should decrease with

bility, which is contrary to the findings here. 

.3. Importance of ability sorting in the urban wage premium 

The average wage-growth gap between large and small cities

ue to ability sorting can be estimated as follows: 
 

b 
τ L 

b ˆ πL λb,L −
∑ 

b 
τ S 

b ˆ πS λb,S , (18) 

here λb, L and λb, S are proxies for the average ability of work-

rs born in state b who entered the labor force in large and small

ities, respectively, and ˆ πL and ˆ πS are defined as the estimates of 

he effects of ability on wage growth in large and small cities. In

 18 ), τ L 
b 

and τ S 
b 

represent birth state b ’s share of college graduates

ho enter the labor force in large and small cities, respectively.

hese shares are based on the locations of labor-force entry of the

7–31 age cohort. The calculation of ( 18 ) indicates that, besides

he urban wage premium of average-ability workers of 22.9 per-

ent, the sorting of high-ability workers into large cities leads to
13 The initial wage premium upon labor-force entry and the wage-growth pre- 

ium after 5 years for an average-ability worker are calculated by 

 

{ j : ρ( j )= L } θ
L 
j ˆ w j −

∑ 

{ j : ρ( j )= S} θ
S 
j ˆ w j , 

nd 

 

{ j : ρ( j )= L } θ
L 
j ̂  g j −

∑ 

{ j : ρ( j )= S} θ
S 
j ̂  g j , 

here ˆ w j and ˆ g j are the estimates of the initial wage level and wage growth of 

ity j , respectively, θ L 
j 

is large city j ’s share of college graduates who enter the labor 

orce in a large city, and θ S 
j 

is small city j ’s share of college graduates who enter the 

abor force in a small city. These shares are based on the labor-force entry locations 

f the 27-31 age cohort. 
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nother 3.2 percent of the urban wage-growth premium, suggest-

ng that the selection accounts for around 10 percent of the urban

age premium. 

.4. Specification checks 

.4.1. Different distributions of ability across birth states 

I assume in the baseline model that college graduates born in

ifferent birth states have identical distributions of ability. In re-

lity, high-ability parents may have sorted themselves into urban

tates when they were younger. As a result, college graduates born

n urban states, on average, may have higher ability than those

orn in rural states. Differences in infrastructure and school quality

ay also lead to different ability distributions across birth states. 14 

To address this issue, I allow m b , the average ability of birth

tate b , to vary with birth state and re-run the wage-growth re-

ressions using each state’s average reading score and the share of

ighly-educated parents as proxies for m b . The regression specifi-

ation is 

w i, j,k = γ0 + Z j γ + α1 I ρ( j)= L + α2 I ρ( j)= L P b i + α3 P b i 
+ ( πL − πS ) I ρ( j)= L m b i 

+ πS m b i 
+ X i ϕ + u i, j,k . (19) 
14 Census data show that parents in urban states have greater educational attain- 

ent than those in rural states. Additionally, the National Assessment of Education 

rogress (NAEP) shows that urban states (e.g., MA, MD, NJ, and TX) have higher av- 

rage high-school test scores than rural states (e.g., WV, MS, AL, AR, TN, SC, and 

C). 
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Table 5 

Wage-growth regressions for the movers and stayers. 

Dependent variable: Wage growth, the 27–31 age cohort 

1 2 3 4 

Full sample Movers Stayers t stat ( 2-3 ) 

Log(population size) 0 .020 ∗∗∗ 0 .025 ∗∗∗ 0 .015 ∗ 0 .894 

(0 .004) (0 .006) (0 .008) 

Population density 0 .008 ∗∗∗ 0 .008 ∗∗∗ 0 .008 ∗ 0 .112 

(0 .003) (0 .003) (0 .005) 

Share of college graduates 

in labor force 

0 .230 ∗∗∗ 0 .239 ∗∗∗ 0 .216 ∗∗∗ 0 .285 

(0 .034) (0 .060) (0 .054) 

Dummy: large city at 

labor-force entry 

0 .022 0 .020 0 .025 –0 .148 

(0 .018) (0 .032) (0 .017) 

Dummy: large city at 

labor-force entry ∗ Birth 

state’s large-city fraction 

–0 .055 ∗ –0 .043 –0 .059 ∗ 0 .275 

(0 .031) (0 .051) (0 .031) 

Birth state’s large-city 

fraction 

–0 .025 –0 .019 –0 .028 0 .242 

(0 .019) (0 .026) (0 .027) 

R-squared 0 .103 0 .122 0 .091 

Observations 43 ,034 18 ,615 24 ,419 

Notes: Standard errors in parentheses are 2-way clustered by the locality of res- 

idence in 1995 and by birth state. All columns include age, age squared, marital 

status, 10 industry dummies, and a constant term. 
∗ significance at 10%. 
∗∗∗ significance at 1%. 
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18 The NLSY79 is a nationally representative sample of men and women who were 

between the ages of 14 and 22 when they were selected at the beginning of 1979. 

The AFQT, or Armed Forces Qualification Test, consists of the following four sections 

from the Armed Services Vocational Aptitudes Battery: word knowledge, paragraph 

comprehension, arithmetic reasoning, and mathematics knowledge. 
19 The original sample includes 494 white men who received their bachelor’s de- 

grees prior to 1994 from the NLSY79 random sample of 3,003 men. 46 individuals 

are dropped because they were in the military at some point. An additional 10 in- 

dividuals are dropped because they received their bachelor’s degrees prior to 1979. 

Only jobs worked after an individual has left school for the first time are kept in the 

sample. I keep individuals who entered the labor force prior to age 30. 90% of them 

entered the labor market between the ages of 22 and 26. Individuals with missing 

wage information at the time of labor-force entry, individuals whose wages were 
In ( 19 ), m b affects wage growth in large cities as ( πL − πS )

is positive. Because m b is positively correlated with P b , omitting

I ρ( j)= L m b from the wage-growth specification should lead to an

overestimation of the coefficient on I ρ( j)= L P b and an underestima-

tion of π L . As shown in Table 4 , the inclusion of m b leads to a

moderate increase in the magnitude of π L but the main results do

not change. 15 

4.4.2. Movers and stayers 

In my sample, about 44 percent of individuals in the 27–31 age

cohort moved across MSA boundaries during the 5-year period af-

ter labor-force entry. These individuals are referred to as movers.

The model implies identical coefficients between the movers and

stayers from the wage-growth regression. 16 I re-run the regressions

separately for the movers and stayers. The results are reported in

columns 2 and 3 of Table 5 . (Column 1 replicates the results from

column 1 of Table 2. ) Column 4 of Table 5 presents the t statis-

tics for testing the equality of each coefficient in columns 2 and

3. The results indicate that the estimates for the movers are not

statistically different from those of the stayers. 17 

4.4.3. Other city-size cutoff points 

The choice of the cutoff point for defining a large city is cru-

cial to the estimation of π S and π L . In the main analysis, I use 1.5

million as the cutoff point. Lowering the cutoff point increases the

number of cities in the large-city category and reduces the gap be-

tween the ability effects on wage growth in large and small cities.

Fig. 3 plots the t statistics for the estimated ( πL − πS ) for different
15 The NAEP provides state-level average scores for public school students within a 

single assessment year. I document the average reading, math, writing, and science 

scores of white students in grade 8 in 2011 for the 49 states. Results using math, 

writing, and science scores not reported here are similar to those using reading 

scores. The share of highly educated parents is measured with the share of college 

graduates among married males aged between 40 and 60 in 20 0 0 in each state. 
16 In the model, wage growth is portable when a worker moves to another city, 

and the move after labor-force entry is independent of individual ability. 
17 The F statistic for simultaneously testing the equality of all coefficients is 0.64 

and the p value is 0.70. 
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ity-size cutoff points. Note that the t statistic peaks at 2.12 at the

.5 million cutoff point, suggesting that the city-size cutoff used in

his paper is reasonable. 

. Corroborating evidence from the NLSY79 

This section provides corroborating evidence from the NLSY79

ata, which contain individual AFQT scores that measure individ-

al ability before labor-force entry. 18 My sample is drawn from

 confidential version of the NLSY79 data that provides informa-

ion on the MSA of residence of each respondent in each survey

ound from 1979 through 1994. It contains 1974 observations of

58 white men whose highest educational attainment as of 1994

as a bachelor’s degree. 19 Nearly 90 percent of the sample had

ver six years of work experience. An MSA with a population above

.2 million in the 1980 Census is defined as a large city. 20 In the

ample, 144 individuals entered the labor force in a large city. 21 

Fig. 4 graphs the bivariate relations between the log of the real

ourly wage and years of work experience for individuals who en-

ered the labor force in small cities (left panel) and large cities

right panel). 22 In each panel, the solid line represents the av-

rage wage-experience profile for individuals with above-median

FQT scores, while the dashed line represents the average wage-

xperience profile for individuals with below-median AFQT scores.

ote that the wage-experience profile is steeper in large cities than

n small cities. Furthermore, the wage-experience profiles of high-

nd low-AFQT individuals diverge only in large cities. These pat-

erns are consistent with the results shown in Sections 4.1 and 4.2 .

To check the robustness of Fig. 4 , I estimate the model 

 i,t = β0 e i,t + β1 e i,t × I i + ˜ πS (AF Q T i × e i,t ) 

+ ˜ πL (AF Q T i × e i,t × I i ) + �i,t ϑ + ξi,t . (20)

In ( 20 ), w i, t is the log of the real hourly wage of individual i in

ear t, I i is a dummy variable that equals 1 if individual i enters

he labor force in a large city, e i, t is the experience level in year t,

FQT i is the AFQT score of individual i , and ξ i, t is an error term.

he vector �i, t includes an indicator for urban residence in year t,

FQT i , year fixed effects, the square and cubic terms of e i, t , and a

onstant term. 23 The coefficient β1 captures the wage-growth pre-

ium of entering the labor force in a large city, and the coeffi-

ients ˜ πS and ˜ πL represent the effects of ability on wage growth in

mall and large cities, respectively. Column 1 of Table 6 presents
elow $1 or above $100, and individuals with missing AFQT scores are excluded. 

inally, I drop individuals whose labor-force entry locations are unidentifiable. The 

esulting sample has 1,974 observations of 258 individuals. 
20 The lists of the MSAs having more than 1.2 million people in 1980 and of those 

aving more than 1.5 million people in 20 0 0 largely overlap. 
21 An individual whose first or second observation appeared in an MSA with a 

opulation above 1.2 million in the 1980 Census is treated as entering the labor 

orce in a large city. 
22 Real wages in 1984 prices are calculated using the CPI deflators from the U.S. 

ensus Bureau. 
23 The AFQT scores are standardized to have a mean of zero and standard devia- 

ion of one. 
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he regression results for the full sample. Consistent with the find-

ngs from the Census data, the estimates of β1 and ˜ πL are positive

nd statistically significant, while the estimate of ˜ πS is small and

tatistically insignificant. 

Columns 2 and 3 of Table 6 report the results for the subsam-

les of movers and stayers, respectively. 24 As shown in column 4

f Table 6 , the t statistics for testing the equality of each coefficient

n columns 2 and 3 suggest that the estimates are not statistically
24 An individual is classified as a mover if he changed his MSA of residence at 

east once after entering the labor force. 

C  

a

ifferent between the movers and stayers. 25 The results are consis-

ent with the results in Section 4.4.2 . 

. Conclusion 

This paper proposes a novel method of identifying selective mi-

ration in the estimation of the effects of cities on wage growth

sing the relatively limited mobility information contained in the

ensus data. The results suggest that a young worker’s labor-force
25 The F statistic for simultaneously testing the equality of all coefficients is 0.14 

nd the p value is 0.97. 
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Table 6 

Wage-experience regressions, the NLSY79. 

Dependent variable: log(real hourly wage rate) 

1 2 3 4 

Full sample Movers Stayers t stat (2-3) 

Experience 0 .133 ∗∗∗ 0 .126 ∗∗∗ 0 .151 ∗∗∗ –0 .527 

(0 .024) (0 .030) (0 .037) 

Experience ∗ Dummy: 

large city at 

labor-force entry 

0 .012 ∗∗∗ 0 .012 ∗∗∗ 0 .011 ∗ 0 .102 

(0 .004) (0 .004) (0 .006) 

Experience ∗ AFQT –0 .004 –0 .005 –0 .002 –0 .400 

(0 .004) (0 .005) (0 .007) 

Experience ∗ Dummy: 

large city at 

labor-force entry ∗

AFQT 

0 .013 ∗∗∗ 0 .014 ∗∗∗ 0 .010 ∗ 0 .507 

(0 .004) (0 .004) (0 .006) 

R-squared 0 .175 0 .151 0 .272 

Observations 1974 1417 557 

Notes: Heteroskedasticity-robust standard errors are in parentheses. All columns in- 

clude the individual’s AFQT score, an indicator for urban residence in year t, year 

fixed effects, the square and cubic terms of experience, and a constant term. 
∗ significance at 10%. 
∗∗∗ significance at 1% 
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entry location affects his subsequent wage growth. Furthermore,

individual ability boosts wage growth in large cities but not in

small cities or rural areas. This causes the selection of higher-

ability workers into larger cities at labor-force entry. I also provide

corroborating evidence from the NLSY79 data. Further research

could apply this method to investigate other demographic groups.

In addition, the method could be used to analyze Census data from

other years in order to understand the evolution of the selection

effects, wage-growth effects, and wage-level effects of U.S. cities. 
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