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Abstract

In 1960, 94 percent of doctors were white men, as were 96 percent of la wyers

and 86 percent of managers. By 2008, these numbers had fallen to 63, 61, a nd 57

percent, respectively. We use a Roy model with occupational frictions to mea-

sure the contribution of discrimination faced by blacks and women in the labor

market and in the acquisition of human capital to the occupat ional distribution

of these groups from 1960 to 2008. We embed the Roy model in general equ i-

librium to measure the aggregate effects of the change in the se barriers. The

reduction in the barriers to occupational choice facing wom en and blacks can

explain 15 to 20 percent of aggregate wage growth, 90 to 95 percent of the wage

convergence between women and blacks and white men, and 30 per cent of the

rise in women's labor force participation from 1960 to 2008.
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1. Introduction

Fifty years ago, there were stark differences in the occupation al distribution of white

men versus women and blacks. For example, virtually all doct ors, lawyers, engi-

neers, and executives and managers in 1960 were white men: 94 percent of doc-

tors, 96 percent of lawyers, 99 percent of engineers, and 86 p ercent of executives

and managers. In contrast, 58 percent of white women were emp loyed as nurses,

teachers, sales clerks, secretaries, and food preparers; 54 percent of black men were

employed as freight handlers, drivers, machine operators, a nd janitors. A vast lit-

erature has documented how these gaps have narrowed since th en, particularly in

high-skilled occupations. 1 By 2008, only 63 percent of doctors and 61 percent of

lawyers were white men. Similarly, the share of women and bla cks in skilled occu-

pations increased from 2 percent in 1960 to 15 percent for women and 11 percent

for black men by 2008. 2

This paper measures the aggregate effect of the changes in the o ccupational

distribution through the prism of a Roy (1951) model of occup ational choice. We

assume that every person is born with a range of talents acros s all possible occu-

pations and chooses the occupation where she earns the highe st returns. In this

framework, changes in the occupational distribution arise n aturally from changes

in the returns to occupational skills. For example, technic al change in skill-intensive

occupations will increase the returns to skills and the empl oyment share of all groups

in these occupations. In turn, differences in the occupationa l distribution between

groups can arise from differences in the distribution of talent between groups; Ren-

dall (2010), for example, shows that brawn-intensive occupa tions (such as construc-

tion) in the U.S. are dominated by men.

However, it seems unlikely that these forces can explain all t he differences we

see in occupational choice and how it has changed over the las t �fty years. Con-

sider the world that Supreme Court Justice Sandra Day O'Conn or faced when she

1We will not attempt to survey this literature, but see Blau (1 998), Goldin (1990), and Smith and
Welch (1989) for assessments of this evidence.

2We de�ne skilled occupations as as executives, managers, ar chitects, engineers, computer scien-
tists, mathematicians, scientists, doctors, and lawyers.
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graduated from Stanford Law School in 1952. Despite being rank ed third in her

class, the only private sector job she could get was as a legal secretary (Biskupic,

2006). Such barriers might explain why white men dominated t he legal profession

at that time. And the fact that private law �rms are now more ope n to hiring tal-

ented female lawyers might explain why the share of women in th e legal profession

has increased dramatically over the last �fty years. Similar ly, the Civil Rights move-

ment of the 1960s is surely important in explaining the chang e in the occupational

distribution of blacks over the last �fty years. 3

To capture these forces, we introduce barriers to occupation al choice in the Roy

model. We First, we allow for the possibility that each group fa ces different occupa-

tional frictions in the labor market. We model these frictions as a group-occupation

speci�c “tax” on earnings that drives a wedge between the gro up's marginal prod-

uct in the occupation and their take home pay. One interpreta tion of these “taxes”

is that they represent preference-based discrimination as i n Becker (1957). For ex-

ample, one reason why private law �rms would not hire Justice O'Connor is that the

law �rms' partners (or their customers) viewed the otherwis e identical legal services

provided by female lawyers as somehow less valuable. 4 Second, we allow for group-

speci�c frictions in the acquisition of human capital. We mod el these frictions as a

tax for each group and each occupation on the inputs into human capital produc-

tion. These human capital frictions could represent the fact t hat some groups were

restricted from elite higher education institutions, that b lack public schools are un-

derfunded relative to white public schools, that there are di fferences in prenatal

or early life health investments across groups, or that socia l forces steered certain

groups towards certain occupations. 5

3See Donohue and Heckman (1991) for an assessment of the effec t of federal civil rights policy on
the economic welfare of blacks.

4Consistent with the Becker (1957) interpretation of labor m arket frictions, Charles and Guryan
(2008) show that relative black wages are lower in states whe re the marginal white person is more
prejudiced (against blacks).

5Here is an incomplete list of the enormous literature on thes e forces. Karabel (2005) documents
how Harvard, Princeton, and Yale systematically discrimin ated against blacks, women, and Jews in
admissions until the late 1960s. Card and Krueger (1992) doc uments that public schools for blacks in
the U.S. South in the 1950s were underfunded relative to scho ols for white children. See Chay, Guryan
and Mazumder (2009) for evidence on the importance of improv ed access to health care for blacks.
See Fernandez (2007) and Fernandez, Fogli and Olivetti (200 4) on the role of social forces in women's
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In our augmented Roy model, all three forces — relative return s to occupational

skills, relative ability, and barriers to occupational cho ice — affect the occupational

distribution of a group.. To make progress analytically, we fo llow McFadden (1974)

and Eaton and Kortum (2002) and assume that the distribution of talent follows

an extreme value distribution. This assumption gives us two key results. First, we

get a closed form expression relating the relative fraction of workers in different

groups in an occupation to a composite of the relative talent and the relative oc-

cupational barrier of the group. We calculate this composit e measure using data

from the decadal U.S. Censuses and the American Community Sur veys. We �nd

that the composite of relative talent and occupational frict ions improved dramat-

ically for women and blacks in high-skilled occupations over the last 50 years, but

was roughly unchanged in low skilled occupations.

Second, we get the result that the average wage gap between gr oups depends on

a weighted average of the occupational friction where the wei ghts depend on the

talent of the group and returns to occupational skills in eac h occupation. Impor-

tantly, the theory predicts that only the average of these for ces matter for the wage

gap and that the wage gap will not be higher in an occupation where the group

faces larger frictions. Intuitively, imagine that the barrie rs facing women in the le-

gal profession decline. This increases the income of existin g women lawyers, but it

also induces less talented female lawyers to enter the legal p rofession. With an ex-

treme value distribution, this quality dilution effect exact ly offsets the direct effect

of lower barriers on the average wage. The average wage of wom en rises overall but

by the same amount in all occupations. Consistent with this p rediction, we show

that between 1960 and 2008, the relative wage of women in low- skilled occupations

increased by almost exactly the same amount as that of women i n high-skilled oc-

cupations.

Finally, we embed the Roy model in general equilibrium. This allows us to es-

timate the effect of a reduction in the barriers to occupationa l choice on aggregate

occupational choice. Goldin and Katz (2002), Bailey (2006) , Bertrand, Goldin and Katz (2010), and
Bailey, Hershbein and Milleri (2012) highlight the importa nce of contraception and fertility choices
for women's labor market outcomes.
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productivity, wages, and labor force participation. In our b aseline results, 15 to 20

percent of aggregate wage growth between 1960 and 2008. Look ing at the individ-

ual groups, the reduction in the frictions since 1960 boosts r eal wages by 39% for

white women, 57% for black women, and 44% for black men, but lowers real wages

by 4.3% for white men. The reduction in frictions can thus accou nt for 90 to 95 per-

cent of the narrowing of the wage gap between blacks and women vs. white men.

In addition, about 30 percent of the rise in women's labor forc e participation is at-

tributable to the decline in occupational frictions.

The paper proceeds as follows. The next section lays out the bas ic model of

occupational choice. We then use this framework to measure th e frictions in occu-

pational choice between blacks and women versus white men in Section 3. Section

4 embeds the occupational choice framework into general equi librium, allowing us

to explore the macroeconomic consequences of misallocatio n in Section 5.

2. A Model of Occupational Sorting

The economy consists of a continuum of people working in N possible occupations,

one of which is the home sector. Each person possesses an idio syncratic ability in

each occupation — some people are good economists while othe rs are good nurses.

The basic economic allocation to be determined in this econo my is how to match

workers with occupations.

2.1. People

Individuals are members of different groups, such as race and g ender, indexed by g.

A person with consumption c and leisure time 1 � s gets utility

U = c� (1 � s) (1)

where s represents time spent on schooling, and � parameterizes the tradeoff be-

tween consumption and schooling.

Each person works one unit of time in an occupation indexed by i (another unit



6 HSIEH, HURST, JONES, AND KLENOW

of time — think “when young” — is divided between leisure and s chooling). A per-

son's human capital is produced by combining time s and goods e. The production

function for human capital in occupation i is

h(e; s; i ) = s� i e� ; (2)

We add two frictions here. The �rst friction affects human capita l: a “tax” � h
ig is

applied to the goods e invested in human capital, with the tax varying across occu-

pations and groups. We think of this tax as representing force s that affect the cost of

acquiring human capital. For example, � h
ig might represent discrimination against

blacks or women in admission to universities, or differential allocation of resources

to public schools attended by black vs. white children, or pa rental liquidity con-

straints that affect children's health and education.

The second friction we consider can be thought of as a friction i n the labor mar-

ket. A person in occupation i and group g is paid a wage equal to (1 � � w
ig )wi where

wi denotes the wage per ef�ciency unit of labor paid by the �rm. On e interpreta-

tion of � w
ig is that it represents preference-based discrimination by th e employer or

customers as in Becker (1957).

Consumption is equal to labor income less expenditures on ed ucation, incorpo-

rating both frictions:

c = (1 � � w
ig )w�h (e; s) � e(1 + � h

ig ): (3)

Note that pre-distortion labor income is the product of the w age received per ef�-

ciency unit of labor, the idiosyncratic talent draw � in the worker's chosen occupa-

tion, and the individual's acquired human capital h.

Given an occupational choice, the occupational wage wi , and idiosyncratic abil-

ity � in the occupation, each individual chooses c; e; sto maximize utility:

U(� w ; � h ; w; � ) = max
c;e;s

(1 � s)c� s:t: c = (1 � � w
ig )w�h (e; s) � e(1 + � h

ig ): (4)

This yields the following expressions for the amount of time and goods spent on
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human capital:

s�
i =

1

1 + 1� �
�� i

e�
ig (� ) =

 
� (1 � � w

ig )wi s
� i
i �

1 + � h
ig

! 1
1� �

Time spent on human capital is increasing in � i . Individuals in high � i occupations

have more schooling and higher wages to compensate them for th e time spent on

schooling. Forces such as wi , � h
ig , � h

ig do not affect s because they have the same

effect on the return and on the cost of time. In contrast, these fo rces change the re-

turns of investment in goodsin human capital (relative to the cost) with an elasticity

that is increasing in � . After substituting the expression for human capital into the

utility function, we get the following expression for indirect utility (conditional on

choosing an occupation):

U(� ig ; wi ; � i ) =

 
��w i s

� i
i (1 � si )

1� �
� � i

� ig

! �
1� �

(5)

Here, we use de�ne � ig as a “gross” tax rate that summarizes the two frictions:

� ig �
(1 + � h

ig )�

1 � � w
ig

: (6)

2.2. Occupational Skills

Turning to the worker's idiosyncratic talent, we borrow from M cFadden (1974)'s and

Eaton and Kortum (2002)'s formulation of the discrete choice problem. We assume

each person gets an iid skill draw � i from a Fr échet extreme value distribution for

each occupation:

Fig (� ) = exp( � Tig � � � ): (7)

The parameter � governs the dispersion of skills, with a higher value of � corre-

sponding to smaller dispersion. We assume that � is common across occupations

and groups. The parameter Tig , however, can potentially differ. Across occupations,
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differences are obvious: talent is easy to come by in some occup ations and scarce

in others. In some occupations, it also seems reasonable to a llow the distribution of

talent to differ between men and women. For example, men may be r elatively more

endowed with physical strength, which is likely to be more val uable in occupations

such as �re�ghting or construction.

2.3. Occupational choice

The occupational choice problem reduces to picking the occu pation that delivers

the highest value of Uig . The assumption that the talent draws are iid and come

from an extreme value distribution delivers the result that t he highest utility can

also be characterized by an extreme value distribution, a re sult reminiscent of those

in McFadden (1974) and Eaton and Kortum (2002). The overall o ccupational share

can then be obtained by aggregating the optimal choice acros s people, as we show

in the next proposition.

Proposition 1 (Occupational Choice ): Let pig denote the fraction of people in group

g that work in occupation i . Aggregating across people, the solution to the individ-

ual's occupational choice problem leads to

pig =
~w�

ig
P N

s=1 ~w�
sg

where ~wig �
T1=�

ig wi s
� i
i (1 � si )

1� �
�

� ig
: (8)

Equation ( 8) says that the share of group g in occupation i depends on three

broad sets of forces: 1) The mean talent of the group in the occu pation, as captured

by Tig ; 2) The price per unit of skill in the occupation, as measured by wi . We think

of wi as capturing the effect of technological change on the occupat ional distribu-

tion. For example, technological innovations in the home se ctor emphasized by

cnGreenwoodetal2005 can be viewed as a decline in w in the home sector; 3) The

returns to years of schooling in the occupation, as captured by s� i
i (1 � si )

1� �
� . An

increase in � i increases the returns to schooling and the share of a group in occupa-

tion i ; 4) Human capital and labor market frictions, as captured by � ig . An increase

in � ig lowers the share of group g in occupation i .
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Proposition 2 (Average Quality of Workers ): The average quality of workers in each

occupation, including both human capital and talent, is

E [hi � i ] = 


"

� � s� i
i

�
wi

pig

� � �
Ti

pig

� 1
�

# 1
1� �

(9)

where 
 � �(1 � 1
� � 1

1� � ) is related to the mean of the Fréchet distribution for abilities.

Notice that average quality is inversely related to the shar e of the group in the

occupation pig . This captures the selection effect. For example, the model pr edicts

that only the most talented female lawyers (such as Sandra Day O'Connor) would

have chosen to be lawyers in 1960. And as the barriers faced by fe male lawyers de-

clined after 1960, this induced less talented female lawyers i nto the legal profession

and thus lowered the average quality of female lawyers.

Proposition 3 (Occupational Wage Gaps): Let wageig denote the average earnings

in occupation i by group g. Its value satis�es

wageig � (1 � � w
ig )wi E [hi � i ] = (1 � si )� 1=� 
 ~�

 
NX

s=1

~w�
sg

! 1
� � 1

1� �

: (10)

In turn, the occupational wage gap between any two groups is the same across all

occupations. For example,

wageig

wagei;wm
=

 P
s ~w�

sgP
s ~w�

s;wm

! 1
� � 1

1� �

: (11)

The �rst equation of the proposition reveals that average ea rnings for a given

group only differs across occupations because of the �rst term , (1 � si )� 1=� . Occu-

pations in which schooling is especially productive (a high � i and therefore a high

si ) will have higher average earnings, and that is the only reas on for earnings differ-

ences across occupations in the model. For example, occupat ions in which a group

faces less discrimination or a better talent pool or a higher w age per ef�ciency unit

do not yield higher average earnings. The reason is that each o f these factors leads



10 HSIEH, HURST, JONES, AND KLENOW

to lower quality (i.e. lower � ) workers entering those jobs. This composition ef-

fect exactly offsets the direct effect on earnings when the distri bution of talent is

Fréchet. We will test the proposition that the earnings gap bet ween two groups will

be constant across occupations.

Finally, putting together the equations for the occupationa l share and the wage

gap together, we get the following expression for the relative propensity of a group

to work in an occupation:

pig

pi;wm
=

Tig

Ti;wm
�
�

� ig

� i;wm

� � � �
wageg

wagewm

� � (1� � )

(12)

This equation states that the propensity of a group to work in an occupation

(relative to white men) depends on three terms: the relative mean talent in the oc-

cupation (arguably equal to one for many occupations), the re lative occupational

friction, and the average wage gap between the groups. Equati on (12) says that with

data on occupational shares and wages, we can measure a compo site of the relative

mean talent and occupational friction between groups. This w ill be the key equa-

tion we take to the data.

3. Empirically Evaluating the Occupational Sorting Model

3.1. Data

We use data from the 1960, 1970, 1980, 1990, and 2000 Decennial Censuses as well

data from the 2006-2008 American Community Surveys (ACS) for al l analysis in the

paper. When using the 2006-2008 ACS data, we pool all the year s together and treat

them as one cross section. 6 We make only four restrictions to the raw data when

constructing our analysis samples. First, we restrict the an alysis to only include

white men (wm), white women (ww), black men (bm) and black wom en (bw). These

6Henceforth, we refer to the pooled 2006-2008 sample as the 20 08 sample. A full
description of how we process the data, including all the rel evant code, is available at
http://faculty.chicagobooth.edu/erik.hurst/research /chad data.html .

http://faculty.chicagobooth.edu/erik.hurst/research/chad_data.html
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will be the four groups we analyze in the paper. 7 Second, we restrict the sample to

include only individuals between the ages of 25 and 55 (inclu sive). This restriction

helps to focus our analysis on individuals after they �nish scho oling and prior to

considering retirement. Third, we exclude individuals on a ctive military duty. Fi-

nally, we exclude individuals who report their labor market status as being unem-

ployed (i.e., not working but searching for work). Our model i s not well suited to

capture transitory movements into and out of employment. App endix Table A1 re-

ports the sample size for each of our six cross sections, inclu ding the fraction of the

sample comprised of our four groups. 8

A key to our analysis is to use the Census data to create a consis tent set of oc-

cupations over time. We treat the home sector as a separate oc cupation. Anyone in

our data who is not currently employed or who is employed but u sually works less

than ten hours per week is considered to be working exclusive ly in the home sector.

Those who are employed but usually work between ten and thirt y hours per week

are classi�ed as being part-time workers. We split the sampl ing weight of part-time

workers equally between the home sector and the occupation t o which they are

working. Individuals working more than thirty hours per wee k are considered to be

working full-time in an occupation outside of the home sector .

For our base analysis, we de�ne the non-home occupations usin g the roughly 70

occupational sub-headings from the 1990 Census occupationa l classi�cation sys-

tem.9 We use the 1990 occupation codes as the basis for our occupatio nal de�ni-

tions because the 1990 occupation codes are available in all Census and ACS years

since 1960. We start our analysis in 1960, as this is the earlie st year for which the

1990 occupational cross walk is available. Appendix Table A 2 reports the 67 oc-

cupations we analyze in our main speci�cation using the 1990 o ccupational sub-

headings. Example occupations include “Executives, Admin istrators, and Managers”,

7We think an interesting extension would be to include Hispan ics in the analysis. In 1960 and 1970,
however, there are not enough Hispanics in the data to provid e reliable estimates of occupational
sorting. Such an analysis can be performed starting in 1980. We leave such an extension to future
work.

8For all analysis in the paper, we weight our data using the sam ple weights available in the different
surveys.

9http://usa.ipums.org/usa/volii/99occup.shtml.

http://usa.ipums.org/usa/volii/99occup.shtml.
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“Engineers”, “Natural Scientists”, “Health Diagnostics” , “Health Assessment”, and

“Lawyers and Judges”. Appendix Table A3 gives a more detaile d description of some

of these occupational categories. For example, the “Health Diagnostics” occupation

includes physicians, dentists, veterinarians, optometris ts, and podiatrists, and the

“Health Assessment and Treating” occupations include regi stered nurses, pharma-

cists, and dieticians. For short hand, we sometimes refer to t hese occupations as

doctors and nurses, respectively. The way the occupations a re de�ned ensures that

each of our occupational categories has positive mass in all years or our analysis.

As seen with the examples above, there is some heterogeneity within our 67 base

occupational categories. To assess the importance of such h eterogeneity, we per-

form a series of robustness exercises for many of our main empir ical results where

we use different levels of occupational aggregation. Speci�c ally, in some robustness

speci�cations, we use the roughly 340 occupations that are c onsistently de�ned (us-

ing the 1990 occupation codes) in 1980, 1990, 2000, and 2006- 8. The reason we start

this in 1980 is that the occupational classi�cation system is roughly similar across

the Censuses and ACS starting in 1980. We perform our main anal ysis using the 340

detailed occupation codes for the 1980–2008 period and show t hat the quantitative

outcomes are very similar to what we get using our 67 base occu pation codes for

the same period. Additionally, we show that much of our quant itative results can be

generated if we use only 20 broad occupation categories as op posed to the roughly

67 occupation codes in our base analysis. The 20 occupation ca tegories we use for

this robustness analysis are shown in Appendix Table A4. The 2 0 broad occupation

categories include the same universe of 67 occupations just aggregated to broader

categories. As we show throughout, our key empirical result s come from the fact

that women and blacks in recent periods are sorting with a mor e equal propensity

relative to white men in a handful of high skilled occupations .

Our measures of earnings throughout the paper sum together t he individual's

labor, business, and farm income. The earnings measures in th e Census are from

the prior year. Implicitly we assume that individuals who ar e working in a given oc-

cupation in the survey year also worked in that same occupati on during the prior

year which corresponds to their income report. When measuri ng earnings, we only
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focus on those individuals who worked at least 48 weeks during the prior year and

who had at least 1000 dollars of earnings (in year 2007 dollar s). We de�ne the wage

rate by dividing individual earnings from the prior year by th e product of the weeks

worked during the prior year and the reported current usual h ours worked. When

computing individual wage measures, we further restrict the sample to those indi-

viduals that report that they usually work more than 30 hours per week.10

For a few of our empirical results, we need a measure of the aver age wages in the

home sector. We impute average earnings for the home sector by extrapolating the

relationship between average education and average earnin gs for the 66 non-home

occupations taking into account group �xed effects. Using thi s year-speci�c rela-

tionship by group and the actual year-speci�c average educa tion and group com-

position of participants in the home sector, we predict the a verage earnings of par-

ticipants in the home sector.

3.2. Occupational Sorting and Wage Gaps By Group

We begin our analysis by documenting the large amount of conve rgence in the oc-

cupational distribution between white men and the other gro ups over the last �fty

years. To illustrate this fact, we create a simple occupation al similarity index, 	 g

which is de�ned as:

	 g � 1 �
1
2

NX

i =1

jpi;wm � pig j (13)

To construct the index, we compute the absolute value of the d ifference in the

propensity for a given group to be in an occupation relative to the propensity that

white men are in that occupation. We then sum these differences across all occupa-

tions. For ease of interpretation, we normalize the measure so that it runs between

zero (no occupational overlap between the two groups) and 1 ( complete occupa-
10In some census years, weeks worked during the prior year and u sual hours worked are reported as

categorical variables. In these instances, we use the midpo int of the range when computing the wage
rate. See the full details of our data processing in the detai led online data appendix available on the
author's web sites.



14 HSIEH, HURST, JONES, AND KLENOW

tional overlap between the two groups). When computing 	 g, we exclude the home

sector. However, the broad patterns are very similar — parti cularly the index for

white women — even when the home sector is included.

Panel A of Table 1 shows the measure of 	 g for white women, black men, and

black women in 1960, 1980, and 2008. We also do the comparison for lower edu-

cated individuals (those with a high school degree and less) and higher educated

individuals (those with more than a high school degree). Wit hin the educational

categories, for example, we compare the occupational distri bution of lower edu-

cated white women to the occupational distribution of lower educated white men.

A few things are of note from Panel A of Table 1. First, each group experienced

substantial occupational convergence relative to white me n between 1960 and 2008.

Second, the timing of the convergence occurred differentiall y across the groups. For

example, occupational convergence occurred both during th e 1960 and 1980 period

and the 1980 and 2008 period for white women and black women. Fo r black men,

however, the bulk of the convergence occurred prior to 1980. Third, there are dif-

ferences in the occupational convergence by educational att ainment. This is seen

particularly for white women. In 1960, there were substantia l occupational differ-

ences both between high educated white women and high educat ed white men and

between low educated white women and low educated white men. Speci�cally, low

educated white men primarily worked in construction and man ufacturing while

low educated white women primarily worked as secretaries or in low skilled ser-

vices like food service. High educated white men in 1960 were s pread out across

many high skilled occupations while high educated white wom en primarily worked

as teachers and nurses. Between 1960 and 2008, however, the occupational similar-

ity between higher educated white men and women converged dr amatically while

the occupational similarity between lower educated white m en and women barely

changed. Today, low skilled women still primarily work in se rvices and of�ce sup-

port occupations while low skilled men still primarily work in construction and

manufacturing.

One of the strong predictions of our occupational sorting mo del is that the wage

gaps relative to white men should be constant for a given group across all occupa-
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Table 1: Occupational Similarity and Conditional Wage Gaps Relative to White Men

Note: Panel A of the table reports our occupational similari ty index for white women, black men,
and black women relative to white men in 1960, 1980, and 2008. The occupational similarity in-
dex runs from zero (no overlap in the occupational distribut ion relative to white men) and one
(complete overlap in the occupational distribution relati ve to white men). The index is computed
separately for higher educated and lower educated individu als of the different groups. Panel B re-
ports the difference in log wages between the groups and whit e men. The entries come from a
regression of log wages on group dummies and controls for pot ential experience and hours worked
per week. The regression only includes a sample of individua ls working full time. See the text for
additional details.
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tions. The reason for this is that an occupation that pays a high wage per unit of

ability will attract less talented workers. As discussed ab ove, this type of sorting is

what makes the wage gap between two groups in a given occupati on a poor mea-

sure of any differential frictions or absolute advantage betwe en the two groups in

that occupation. There are, however, at least three reasons why the estimated wage

gaps between groups will not be equated across all occupatio ns. First, there is likely

some measurement error in the occupational wage gap estimat es due to small sam-

ple sizes for some groups in some occupations. Second, althou gh we expect sorting

will help offset the effect of differences in wages per ability on th e average wage in

an occupation, the exact offset due to sorting is a feature of the extreme value dis-

tribution. We would not get the complete offset if ability is no t exactly distributed

according to an extreme value distribution. Third, we focus o n occupational sort-

ing due to heterogeneity in ability, but some of the occupati onal sorting might be

driven by other factors such as heterogeneity in preferences. High wage (per unit of

ability) occupations might induce the entry of people with hi gh disutility for an oc-

cupation rather than individuals with low ability in the occ upation. All three forces

will generate variation in wage gaps across occupations

We realize the model is highly stylized but the prediction wit h respect to the

equivalence of wage gaps across occupations for a given occup ation seems born

out in the data at least when segmenting individuals by accum ulated schooling.

Panel B of Table 1 shows the estimated wage gap between white men and, respec-

tively, white women, black men, and black women over time and by educational

attainment. To obtain these estimates, we regress log wages of the individual on

group dummies, a quadratic in potential experience, a polyno mial in usual hours

worked and our base speci�cation occupation dummies. This r egression is esti-

mated only for those individuals who are currently working mo re than 30 hours per

week and who worked at least 48 weeks during the prior year whe n earnings were

measured. We estimated this regression separately for 1960, 1980, and the pooled

2006-2008 sample. The coef�cients on the race-sex dummies ar e shown in the table

and should be interpreted as being log deviations relative t o white men. We also

estimated the regression separately for individuals with 12 years of less of schooling
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and for individuals with more than 12 years of schooling.

As seen in panel B of Table 1, the wage gap for white women relative to white

men is nearly identical by educational attainment in 1960, 1 980, and 2008. For ex-

ample, in 1960, low educated white women earned a wage that wa s 56 log points

lower than low educated white men. The comparable number for h igh educated

white women relative to high educated white men was 50 log poi nts. Between 1960

and 2008, the relative wage of low educated white women narro wed by 29 log points.

During the same time period, the relative wage of high educat ed white women nar-

rowed by 26 log points. Despite the fact that the change in the r elative occupational

similarity was very different by educational attainment for wh ite women (as seen

in Panel A), the change in the relative wage gap was nearly ide ntical by educational

attainment for white women. According to our model, changes i n the relative � 's for

white women in high � occupations would generate exactly this result.

Between 1960 and 1980, black men also had a relative wage gap t hat evolved

nearly identically within a sample of lower educated indivi duals and a sample of

higher educated individuals. After 1980, however, there was little change in rela-

tive occupational sorting for either high or low skilled blac k men and there was no

change in the relative wage gap for high skilled black men. The wage gap for low

skilled black men, however, continued to narrow after 1980. T his may be due to the

fact that there was a rapid decline in the labor market partici pation of low skilled

black men during the last thirty years that was not random. As currently formu-

lated, our model would not predict such results. However, as we discuss in Section

5, the change in labor market outcomes for black men between 19 80 and 2008 do

not affect our estimates of aggregate productivity gains in an y way.

A further test of the plausibility of our framework is to examin e occupation by

occupation whether the change in the wage gap between two gro ups in that occu-

pation is in any way related to the change in the relative prop ensities of the two

groups to be in the occupation. Our model suggests that the tw o should be unre-

lated with no variation in the wage gaps. Figure 1 plots the (log) occupational wage

gap for white women in 1980 against pi;ww =pi;wm . The latter variable is the relative

propensity of a white woman to work in a particular occupatio n relative to a white



18 HSIEH, HURST, JONES, AND KLENOW

man. As an example, in 1980, white women were 65 times more lik ely than white

men to work as a secretary, but only 0.14 times as likely to wor k as a lawyer. Given

this enormous variation, the difference in the wage gaps betwe en these two occu-

pations is remarkably small. White women secretaries earne d about 33 percent less

than white men secretaries in 1980, while the gap was 41 perce nt less for lawyers.

Fitting a regression line through the points in the �gure sho ws that there is no rela-

tionship at all between the relative wage gap in the occupati on and the propensity

for white women to be in the occupation relative to white men in 1980.11 The pat-

terns in other years and for other groups were quite similar. N otice that, within the

model, it is the relative propensity that pins down any poten tial frictions facing a

group (relative to white men) in that occupation. 12

Our productivity gains in the subsequent sections are based on the change in the

occupational distribution over time. Figure 2shows that the change in log pi;ww =pi;wm

between 1960 and 2008 is also uncorrelated with the change in the wage gap be-

tween white women and white men between 1960 and 2008. The rel ative fraction

of white women who are doctors increased by 144 percent betwe en 1960 and 2008.

For nurses, in contrast, the relative fraction who are white w omen decreased by 52

percent. Yet the relative wage gap between white men and whit e women narrowed

by between 20 and 30 log points in both occupations. Again, ou r model predicts

that the change in the wage gaps should be uncorrelated with t he change in the

occupational sorting. This prediction is born out in the dat a.

11The coef�cient on the log pi;ww =pi;wm in a regression of the occupational wage gap on log
pi;ww =pi;wm was 0.002 with a standard error of 0.008 and an adjusted R-squ ared of essentially zero.
For interpretation, the standard deviation of the independ ent variable was 1.96 and the mean of the
dependent variable was -0.31. The regression was weighted u sing the number of individuals in the
occupation across all groups.

12In additional work (not shown), we explored the relationshi p between occupational wage gaps
and the average earnings of individuals in those occupation s. On average, high income occupations
tended to have larger wage gaps. This suggests that the extre me value distribution might not entirely
correct for high income occupations. Nonetheless, the magn itude of this correlation was almost al-
ways small. For example, in 2006-2008, white working women h ad about a 3 percentage point larger
wage gap relative to white men in response to a one-standard d eviation increase in occupational log
income. As seen from Table 1, the average wage gap was 26 percentage points.
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Figure 1: Occupational Wage Gaps for White Women in 1980
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Figure 2: Change in Occupational Wage Gaps for White Women,19 60–2008
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3.3. Explaining Occupational Differences Across Groups Ov er Time

Motivated by our model, we use data on the difference in occupat ional propensi-

ties across groups as well as the average wage gaps to infer a composite measure

of the occupation-speci�c frictions. Speci�cally, given eq uations ( 12) and (11), we

can de�ne the composite measure for each group (relative to wh ite men) in each

occupation as:

�̂ ig �
� ig

� i;wm

�
Ti;wm

Ti;g

� 1
�

=
�

pig

pi;wm

� � 1
�

 
wagewm

wageg

! 1� �

: (14)

This equation has the following interpretation. If a group is either underrepre-

sented in an occupation or if it faces a large average wage gap, the right-hand side

of this equation will be high. The model can explain this in on e of two ways (on the

left side): either the group faces a large composite friction, o r it has a relatively low

mean talent in that occupation (e.g. women in occupations wh ere brute strength is

important). We observe the right-hand side of this equation in the data and there-

fore use it to back out the average relative distortion (or tal ent), �̂ ig .

To implement this calculation, we require estimates of � and � . The parameter

� is a key parameter that governs the dispersion of wages. Give n the occupational

choice model developed above, one can show that the dispersi on of wages across

people within an occupation-group obeys a Fr échet distribution with the shape pa-

rameter � (1 � � ): the lower is this shape parameter, the more wage dispersion there

is within an occupation. Wage dispersion therefore depends o n the dispersion of

talent (governed by 1=� ) and ampli�cation from accumulating human capital via

spending (governed by 1=(1 � � )). In particular, the coef�cient of variation of wages

within an occupation-group in our model satis�es

Variance

Mean2 =
�(1 � 2

� (1� � ) )
�

�(1 � 1
� (1� � ) )

� 2 � 1: (15)

To estimate � (1 � � ) in a given year, we need to know the dispersion of abil-
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ity for a given occupation. As a starting point, we look at wage dispersion within

occupation-groups. We take residuals from a cross-sectiona l regression of log worker

wages on 66x4 occupation-group dummies. These span the 66 oc cupations (exclud-

ing Home) and the four groups of white men, white women, black m en, and black

women. The wage is the hourly wage, and the sample includes bo th full-time and

part-time workers. The dummies should capture the impact of schooling require-

ments ( � i levels) on average wages in an occupation, and the wage gaps c reated by

frictions (the average � ig across occupations for each group). We calculate the mean

and variance across workers of the exponent of these wage res iduals. We then solve

equation ( 15) for the value of � (1 � � ). Sampling error is trivial here because there

are 300-400k observations per year for 1960 and 1970 and 2-3 mi llion per year for

1980 onward. The point estimates for � (1 � � ) average 3.12. They drift down over

time, from around 3.3 in 1960 to 2.9 in 2006-2008, as one would e xpect given rising

wage inequality.

We are concerned that this way of estimating � wrongly attributes all of the dis-

persion of wages within occupation-groups to comparative a dvantage. We thus

make several adjustments, all of which serve to reduce resid ual wage dispersion.

First, we compress the variance of the residuals by 14% and 4% , respectively, to re-

�ect estimates of transitory wage movements from Guvenen and Kuruscu (2009)

and how much wage variation can be explained by AFQT scores fro m Rodgers and

Spriggs (1996). Temporary wage differences across workers are not a source of en-

during comparative advantage, and AFQT score is arguably co rrelated with abso-

lute ability across many occupations. Second, we controlle d directly for individual

education, hours worked, and potential experience in the Ce nsus data. Like AFQT

score, a worker's education might be correlated with absolu te advantage across many

occupations. Though we examine the hourly wage, there could be compensating

differentials associated with the workweek. And experience r e�ects the life cycle

rather than lifelong comparative advantage.

These adjustments cumulatively explain 25% of wage variati on within occupation-

groups. in wages within an occupation to comparative advant age. Attributing the

remaining 75% of wage dispersion to comparative advantage, we arrive at a base-
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line value of � (1 � � ) = 3 :44. When computing our counterfactuals in Section 5,

we explore the robustness of results to higher values of � (1 � � ) that attribute only

50%, 25% and 10% of the within occupation-group wage dispers ion to comparative

advantage.

The parameter � denotes the elasticity of human capital with respect to educ a-

tion spending. Related parameters have been discussed in th e literature, for exam-

ple by Manuelli and Seshadri (2005) and Erosa, Koreshkova an d Restuccia (2010). In

our model, � will equal the fraction of output spent on accumulating human capital

in equilibrium, separate from time spent accumulating human capital. Absent any

solid evidence on this parameter, we set � = 1=4 in our baseline and explore robust-

ness to � = 0 and � = 1=2. In general, this parameter slightly affects the level of the

� ig parameters, but not much else in the results.

Table 2 reports our estimates of �̂ ig for white women for a subset of our baseline

occupations. The occupations we highlight in Table 2 represent �ve different types

of occupations. First, we highlight the �̂ ig for the home sector. Second, we high-

light high educated occupations for which white women were un derrepresented

in 1960. These occupations include executives, engineers, doctors, and lawyers.

Third, we highlight high educated occupations like nursing and teachers for which

white women were overrepresented relative to white men in 19 60. Finally, we show

low education occupations with many white women in 1960 (e.g ., secretaries and

waitresses) and low education occupations with relatively few white women in 1960

(e.g., construction, �re�ghters, and vehicle mechanics).

Many interesting patterns emerge from Table 2. First, consider the results for

white women in the “home” occupation in 1960. Despite white w omen being 7

times as likely to work in the home sector as white men, we esti mate �̂ ig for white

women in the home sector to be just below 1 (0.99). This implie s that white women

in 1960 did not have an absolute advantage over white men in the home sector.

Two factors underlie our estimate of �̂ ig being close to 1 in the home sector for white

women. First, we are estimating that white women were choosi ng the home sector

because they were facing disadvantages in other occupations. Those barriers show

up in the average wage gap between white women and white men. G iven that white
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Table 2: Estimated Barriers ( �̂ ig ) for White Women

Note: Author's calculations based on equation ( 14) using Census data and imposing � = 3 :44 and
� = 1 =4.

women earned roughly 57 percent less when working than white men, our model

predicts that women should be much more likely to work in the h ome sector relative

to white men all else equal. Second, how much more white women should be work-

ing in the home sector if the other sectors are less attractiv e for white women de-

pends on � . As the skill distribution becomes less dispersed ( � increasing), frictions

in other sectors will push more women into the home sector. Th e reason for this is

that the comparative advantage in a given occupation relati ve to another occupa-

tion gets stronger when � is higher. Given our estimate of � , the observed wage gap

between white men and white women, and the relative propensi ty of each group to

be in the home sector, we estimate that �̂ ig is roughly one for white women in the

home sector.

As seen from Table 2, �̂ ig is also close to 1 for white women in the home sector

in all years of our analysis. This suggests that women did not m ove out of the home

sector because they lost any absolute advantage in the home s ector. Instead, our

results suggest that women moved into market occupations du e to declining barri-

ers in the market. Below we will show that changes in the produ ctivity of the home

sector relative to the market sector for all groups also contr ibuted to women exiting

the home sector over this time period. In order to quantify thi s effect, we need the

general equilibrium analysis formulated in the next section. To preview our results,
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we �nd that the changing productivity of the home sector rela tive to the market sec-

tor explains roughly 70 percent of the movement of white wome n out of the home

sector. The remaining 30 percent is due to changes in the �̂ ig in the market sector.

The remainder of the 1960 results from Table 2 reinforce that the �̂ ig 's for white

women changed dramatically over time in certain occupation s. For example, our

estimates of �̂ ig for executives, lawyers, doctors, and engineers for white wom en in

1960 ranged from 2.4 to 4.6. In terms of our sorting model, the l ow relative partic-

ipation of white women in these occupations in 1960 causes us to infer high val-

ues of �̂ ig . The model is attributing the low propensity for white women t o work in

these occupations as re�ecting barriers (either in the huma n capital market or the

labor market directly) or a lower native ability to work in the se occupations. Inter-

estingly, the �̂ ig for white women teachers is also greater than one in 1960. Whil e

white women were 1.7 times more likely than white men to work a s teachers, this

propensity is more than offset by the overall wage gap in 1960, w here women earned

about 0.57 times what men earned. If white women were not facin g some friction

or lower absolute advantage in the teacher occupation, our m odel predicts there

should have been an even higher fraction of white women ending up as teachers in

1960.

Contrast this with secretaries in 1960. A white woman in 1960 was 24 times more

likely to work as a secretary than was a white man. The model ca n only explain this

enormous discrepancy by assigning a �̂ ig of 0.76 for white women secretaries. A �

below 1 is like a subsidy, so the model says either white women h ad an absolute ad-

vantage relative over white men as secretaries, or there was discrimination against

white men secretaries. Also in 1960, white women had very hig h �̂ ig values in the

construction, �re�ghting and vehicle mechanic professions .

For executives, lawyers, and doctors, the �̂ ig 's fell from around be around 3.0 to

being around 1.4 between 1960 and 2008. School teachers also saw a substantial fall

in their average �̂ ig from 1.37 to a value slightly below 1. While barriers facing whi te

women fell in many skilled professional occupations, the �̂ ig values did not change

much for low skilled occupations. This is particularly true a fter 1980. For example,

the estimated �̂ ig for white women barely changed (or rose) for secretaries, wait -
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Table 3: Estimated Barriers ( �̂ ig ) for Black Men and Women

Note: Author's calculations based on equation ( 14) using Census data and baseline parameter val-
ues.

resses, construction workers, and vehicle mechanics betwe en 1980 and 2008. Yet,

the �̂ ig 's for executives, engineers, doctors, lawyers, teachers, a nd nurses continued

to fall during this time period. These results are consistent with the results above

showing that occupational convergence was primarily among high skilled individ-

uals.

The �̂ ig 's for black men and black women — for these same select occupati ons

— are shown in Table 3. A similar overall pattern emerges, with the �̂ ig 's being sub-

stantially above 1 in general in 1960, but falling through 200 8. Still, they remained

above 1 by 2008, especially for the high-skilled occupations , suggesting barriers re-

main. Unlike for white and black women, almost the entire chan ge in the �̂ ig for

black men occurred prior to 1980.
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Table 4: Summary Measures of Frictions ( �̂ ig ) by Group

Note: Author's calculations based on equation ( 14) using Census data and baseline parameter val-
ues. We weight all the data using the share of that occupation in the total wage bill.

Table 4 shows the mean and the variance of the log of �̂ ig for each group over

time. As seen from Table 4, not only did the mean �̂ ig fall for all groups over time,

the variance of the log �̂ ig also fell sharply. 13 When computing the productivity gains

from changes in the � ig 's in Section 5, it is the variance of the log of the � 's that drives

misallocation. As seen from Table 4, this statistic has fallen sharply for all groups

over time. 14

3.4. Summary

In this section, we have empirically explored some of the pre dictions of our occu-

pational sorting model. First, we have shown that wage gaps w ithin an occupation

between groups are unrelated to the relative propensity of t he groups to be in an oc-

cupation. The relative propensities for a group to be in an occ upation is a compos-

ite measure of differences faced by the groups in occupational fr ictions (either � h
ig

or � w
ig ) or differences in absolute advantage between the groups in th e occupation

(Tig ). Second, we compute this composite measure ( �̂ ig ) for white women, black

13In 1960, there were a few occupations which were populated by no black women. These occupa-
tions included architects, �re �ghters, vehicle mechanics , electronic repairers, and forest and logging.
For these occupations, our measures of �̂ ig for black women were set to the highest other estimated �̂ ig

for black women in 1960 (across all the occupations for which they populated). Such a normalization
does not affect our quantitative results in Section 5 in any m eaningful way.

14When showing the mean and standard deviations of the �̂ ig 's, we weight each occupation by their
share of earnings in that occupation out of the total wage bil l.
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men, and black women over time during the last 50 years. The bi g declines in the

composite occurred primarily in high-skilled occupations for white women. This

is re�ected in the fact that the occupational similarity betw een high-skilled white

men and high-skilled white women have converged to a much gre ater extent than

between low-skilled white men and low-skilled white women.

4. Closing the Model

In order to evaluate the macroeconomic consequences of the c hanging allocation of

talent, we must aggregate across the different occupations in some way. We choose

a relatively natural approach and show that our general resu lts are robust to the way

we aggregate.

In particular, assume the N occupations combine in a CES fashion to produce a

single aggregate output Y according to

Y =

 
NX

i =1

(A i H i )�

! 1=�

(16)

where H i denotes the total ef�ciency units of labor employed in occupa tion i and

A i is the exogenously-given productivity of the occupation.

The total ef�ciency units of labor in each occupation are give n by

H i =
GX

g=1

qg

Z
hijg � ijg dj: (17)

To understand this equation, start from the right. First, we i ntegrate over all people

j in group g, adding up their ef�ciency units, which are the product of the ir human

capital and their idiosyncratic ability. Next, there are qg people belonging to group

g. Finally, we add up across all the groups.

That completes the setup of the model. We can now de�ne an equi librium and

then start exploring the model's aggregate implications.
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4.1. Equilibrium

A competitive equilibrium in this economy consists of indiv idual choices f c; e; sg,

an occupational choice by each person, total ef�ciency units of labor in each occu-

pation H i , �nal output Y , and an ef�ciency wage wi in each occupation such that

1. Given an occupational choice, the occupational wage wi , and idiosyncratic

ability � in that occupation, each individual chooses c; e; sto maximize utility:

U(� w ; � h ; w; � ) = max
c;e;s

(1 � s)c� s:t: c = (1 � � w
ig )w�h (e; s) � e(1 + � h

ig ): (18)

2. Each individual chooses the occupation that maximizes hi s or her utility: i � =

arg maxi U(� w
ig ; � h

ig ; wi ; � i ), taking f � w
ig ; � h

ig ; wi ; � i g as given.

3. A representative �rm chooses labor input in each occupati on, H i , to maximize

pro�ts:

max
f H i g

 
NX

i =1

(A i H i )�

! 1=�

�
NX

i =1

wi H i (19)

4. The occupational wage wi clears the labor market for each occupation:

H i =
GX

g=1

qg

Z
hijg � ijg dj (20)

5. Total output is given by the production function in equatio n (16).

6. “Revenue” associated with the distortions equals zero for each occupation.

The equations characterizing the general equilibrium are t hen given in the next

result.

Proposition 4 (Solving the General Equilibrium ): The general equilibrium of the

model is f pig ; H supply
i ; H demand

i ; wi g and Y such that

1. pig satis�es equation (8).
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2. H supply
i aggregates the individual choices:

H supply
i = 
 ~�w � � 1

i (1 � si )(� (1� � )� 1)=� s�� i
i

X

g

qg(1 + � h
ig )� �� (1 � � w

ig )� � 1m1� � (1� � )
g

(21)

3. H demand
i satis�es �rm pro�t maximization:

H demand
i =

�
A �

i

wi

� 1
1� �

Y (22)

4. wi clears each occupational labor market: H supply
i = H demand

i .

5. Total output is given by the production function in equation (16).

5. Estimating Productivity Gains from Changing

Occupational Sorting

5.1. Parameter Values and Exogenous Variables

The key parameters of the model — assumed to be constant over t ime — are � , � , � ,

and � . We discussed the estimation and assumptions for � and � above. The param-

eter � governs the elasticity of substitution among our 67 occupat ions in aggregating

up to �nal output. We have little information on this paramete r and choose � = 2=3

for our baseline value. We explore robustness to a wide range o f values for � .

The parameter � is the geometric weight on consumption relative to time in an

individual's utility function ( 1). As schooling trades off time for consumption, the

model implies that wages must increase more steeply with sch ooling in equilibrium

when � is lower. We choose � = 0 :693 to match the average Mincerian return to

schooling across occupations, which averages 12.7% across the six decades.15 Our

15Workers must be more heavily compensated for sacri�cing tim e to schooling the more they care
about time relative to consumption. To be speci�c, the avera ge wage of group g in occupation i is

proportional to (1 � si )
� 1
� . If we take a log linear approximation around average school ing �s, then �

is inversely related to the Mincerian return to schooling ac ross occupations (call this return  ): � =
( (1 � �s)) � 1 . We calculate s as years of schooling divided by a pre-work time endowment of 25 years,
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results are essentially invariant to this parameter, as doc umented later.

As our model is static, we infer exogenous variables separate ly, decade by decade.

In each year, we have 6N variables to be determined. For each of the i = 1 ; : : : ; N

occupations these are A i , � i , and � ig , where g stands for white men, white women,

black women, or black men. We also allow population shares of each group qi to

vary by year to match the data. Finally, we normalize average ability to be the same

in each occupation-group, or Tig = 1 : differences in mean ability across occupa-

tions are isomorphic to differences in the production technol ogy A i . Across groups,

we think the natural starting point is no differences in mean ability; this assumption

will be relaxed in our robustness checks.

To identify the values of these 6N forcing variables in each year, we match the

following 6N moments in the data, decade by decade (numbers in parenthese s de-

note the number of moments):

(4N � 4) The fraction of people from each group working in each occupa-

tion, pig . (Less than 4N moments because the pig sum to one for

each group.)

(N ) The average wage in each occupation.

(N ) Zero total revenue from the discrimination “tax” in each occu pa-

tion.

(3) Wage gaps between white men and each of our 3 other groups.

(1) Average years of schooling in one occupation.

As discussed above, the � ig variables are easy to identify in the data given our

setup. But recall that � ig �
(1+ � h

ig ) �

1� � w
ig

. From the data we currently have, we cannot

separately identify the � h and � w components of � . That is, we cannot distinguish

between barriers to accumulating human capital and labor ma rket barriers. We

proceed by considering two polar cases. At one extreme, we as sume all of the � w
ig 's

are zero, so that � ig 's solely re�ect � h 's. At the other extreme, we set all of the � h
ig = 0

and �nd the Mincerian return  from a regression of log wages on average occupation schooli ng,
with group dummies as controls. We then set � = 0 :693, the simple average of the implied � values
across years. This method allows the model to approximate th e Mincerian return to schooling across
occupations.
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and assume the � w
ig 's are responsible for the � 's. That is, we assume only human

capital barriers (the � h case) or only labor market barriers (the � w case).

The A i levels and the relative � i 's across occupations involve the general equilib-

rium solution of the model, but the intuition for what pins dow n their values is clear.

We already noted that A i is observationally equivalent to the mean talent parameter

in each occupation Ti . The level of A i therefore pins down the overall fraction of the

population that works in each occupation. We also noted abov e that � i is the key

determinant of average wage differences across occupations, so it is this moment

in the data that pins down its value.

Recall from equation ( 10) that wages are increasing in schooling across occupa-

tions. From Proposition 1, we know that schooling increases with � i . Thus we can

infer from wages in each occupation the relative values of � i across occupations.

But we cannot pin down the � i levels, as wage levels are also affected by the A i pro-

ductivity parameters. Thus we use the �nal moment – average y ears of schooling in

one occupation – to determine the � i levels. We choose to match schooling in the

lowest wage occupation, which is Farm Non-Managers. Callin g this the min occu-

pation, we set � min in a given year to match the observed average schooling among

Farm Non-Managers in the same year: � min = 1� �
�

smin
1� smin

.

5.2. Productivity Gains

Given our model, parameter values, and the forcing variables we infer from the data,

we can now answer one of the key questions of the paper: how muc h of overall earn-

ings growth between 1960 and 2008 can be explained by the chan ging � frictions?

In answering this question, the �rst thing to note is that out put growth in our

model is a weighted average of earnings growth in the market s ector and in the

home sector. Earnings growth in the market sector can be meas ured as real earnings

growth in the census data. De�ating by the NIPA Personal Cons umption De�ator,

real earnings in the census data grew by 1.32 percent per year between 1960 and

2008.16 For the home sector, we impute wages from the relationship bet ween aver-

16This might be lower than standard output growth measures bec ause it is calculated solely from
wages; for example, it omits employee bene�ts.
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age education and average earnings across market sectors an d from wage gaps by

group in market sectors. (See the discussion in section 3.1. for additional details.)

Taking a weighted average of the imputed wage in the home sect or and the wage

in the census data, we estimate that output (as de�ned by our m odel) grew by 1.47

percent per year between 1960 and 2008.

How much of this growth is accounted for by changing � 's, according to our

model? We would like to answer this question by holding the A's (productivity pa-

rameters by occupation), � 's (schooling parameters by occupation), and q's (group

shares of the working population) constant over time and let ting the � 's change.

But at which year's value should we hold the A's, � 's, and q's constant? We follow

the standard approach in macroeconomics and use chaining . That is, we compute

growth between 1960 and 1970 allowing the � 's to change but holding the other pa-

rameters at their 1960 values. Then we compute growth betwee n 1960 and 1970

from changing � 's holding the other parameters at their 1970 values. We take the

geometric average of these two estimates of growth from chang ing � 's. We do the

same for other decadal comparisons (1970 to1980 and so on) and cumulative the

growth to arrive at an estimate for our entire sample from 1960– 2008.

The results of this calculation are shown in Table 5. When the frictions are inter-

preted as occurring in human capital accumulation (the � h case), this calculation

indicates that the change in occupational frictions contrib uted an average of 0.294

percentage points to growth per year. This would explain 20. 0 percent of overall

earnings growth over the last half century.

If we instead interpret the frictions as occurring in the labo r market (the � w

case), chain-weighted growth from changing � w 's is 0.233 percent per year. Ac-

cording to this case, changing labor market frictions accoun t for 15.8 percent of

the cumulative earnings growth from 1960 to 2008. The gains ar e smaller in the � w

case because some of the wage gaps are accounted for directly b y labor market dis-

crimination in this case, with no direct implications for pro ductivity. There are still

indirect effects operating through human capital accumulati on and occupational

choice, of course.

A related calculation, perhaps more transparent, is to hold the � 's constant and
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Table 5: Productivity Gains: Share of Growth due to Changing Frictions

� h case � w case

Frictions in all occupations 20.0% 15.8%

Counterfactual: wage gaps halved 17.0% 13.1%

Counterfactual: zero wage gaps 12.8% 10.1%

No frictions in “brawny” occupations 17.8% 13.4%

Note: Average annual wage growth between 1960 and 2008 was 1.47%. Entries in the table show
the share of this growth attributable to changing frictions according to our model under various
assumptions. In the last line, we assume that there are no fri ctions for white women in occupations
where physical strength is important. Instead, we allow Ti;ww to change over time to match the
occupational allocation for white women. For blacks in this case, we do allow for frictions, but also
assume Ti;bw = Ti;ww .

calculate the hypothetical growth rate due to the changes in t he A's, � 's, and q's.

Figure 3 plots the results of this calculation. The left panel conside rs the � h case,

while the right panel corresponds to the � w case. The large majority of wage growth

is due to increases in A i and � i over time, but an important part is attributable to

reduced frictions. Allowing the � h 's to change as they did historically raises output

by 14.8 percent in the � h case.

The right panel of Figure 3 presents similar estimates, this time for the � w case.

Here, reduced frictions raised overall output by 11.6% betwe en 1960 and 2008. Note

that output growth would have been negative in the 1970s in th e absence of the

reduction in � 's for blacks and women in that decade. But over the entire samp le,

the bulk of growth is due to rising A's and � 's.

It is worth elaborating on the gains from the changing � 's. To this end, Figure 4

presents the mean and variance of � h over time for each group in the � h case. The

left panel shows the average � 's falling for women and African-Americans, whereas

the barriers facing white males are basically zero throughou t. According to the

model, these average � 's led blacks and women to underinvest in human capital

(presuming � > 0). Over time these gaps in average � 's diminished, leading to a bet-
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Figure 3: Counterfactuals: Output Growth due to A, � versus �
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Note: These graphs show the counterfactual path of output in the model if the � 's were kept
constant over time (in a chained calculation). That is, how m uch of cumulative growth is due
to changing A's and � 's versus changing � 's. The left panel is for the � h calibration, and the
right is for the � w calibration.

ter allocation of human capital investment in 2008 than in 19 60 and therefore some

ef�ciency gains.

The right panel of Figure 4 shows that the � 's were also more dispersed across

occupations for blacks and (especially) women than for white me n. It is this dis-

persion that leads to misallocation of talent across occupa tions. If there were no

dispersion in the � 's across occupations for each group, there would be no misal-

location of talent. All groups would have the same occupatio nal distributions. The

dispersion in the � 's leads to different occupational choices for each group – whic h

indicates misallocation if the distribution of talent is th e same in each group. The

falling variance of the log � 's leads to a better allocation of talent and hence some

productivity growth. 17

Could the productivity gains we estimate be inferred from a bac k-of-the-envelope

calculation involving the wage gaps alone? In particular, s uppose one takes white

male wage growth as �xed, and calculates how much of overall w age growth comes

from the faster growth of wages for the other groups. The answer i s that faster wage

growth for blacks and white women contributed 0.18 percentag e points per year to

overall wage growth from 1960 to 2008. This is compared to our e stimate of the pro-

17Even for women, most of the decline in the variance can be seen between market occupations. But
a notable portion of the overall decline for women comes from falling barriers in market occupations
relative to the home sector.
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Figure 4: Means and Variances of the Frictions, � h Calibration
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Note: The left panel shows the average level of � by group, weighted by total earnings in each
occupation. The right panel shows the variance of log � , weighted in the same way.

ductivity gains from changing � 's of 0.30 percent per year in the � h case and 0.23

percent per year in the � w case.

Our counterfactual calculations differs from this back-of-the- envelope calcula-

tion in two fundamental ways. First, we are isolating the contr ibution of chang-

ing � 's, whereas the back-of-the-envelope also re�ects any impac t of changing A's,

� 's,and q's on the wage growth of women and blacks relative to men. Seco nd, our

counterfactuals take into account the impact on white male wa ge growth, which

is implicitly assumed to be zero in the counterfactual. In our counterfactuals, the

wage gains to women and blacks come (partly) at the expense of w hite males. Re-

call that we normalize the mean � across groups to zero in each occupation. Thus

falling � 's for women and blacks (from positive to smaller positive valu es) go hand

in hand with rising � 's for white men (from negative to less negative values). This

is a direct force lowering wages of white men as barriers to bla cks and women fall.

There are also GE forces operating through the wages per unit o f human capital in

occupations dominated by white men vs. other groups.

The middle rows of Table 5 quantify the point that changes in the average wage

gaps among groups (within occupations) are not primarily re sponsible for the gains

that we estimate. In particular, we consider counterfactual s in which we substan-
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tially reduce the average wage gaps in the data that are used i n our calibration. Cut-

ting the wage gaps in half only reduces the share of growth exp lained slightly, for

example from 20.0% to 17.0% in the � h case. Even setting the average wage gaps in

the data to zero still leaves 12.8% of growth explained by cha nges in the human cap-

ital frictions. The upshot is that model productivity gains c annot be gleaned from

the wage gaps alone.

The �nal row in Table 5 considers the robustness of our productivity gains to

relaxing the assumption that men and women draw from the same d istribution of

talent in all occupations. In particular, we consider the po ssibility that some oc-

cupations rely more on physical strength than others, and tha t this reliance might

have changed because of technological progress. For this ch eck, we go to the ex-

treme in assuming that frictions for white women are completel y absent from the

set of occupations where physical strength is arguably impor tant, including �re-

�ghters, police of�cers, and most of manufacturing. 18 That is, we estimate values

for Ti;g for white women that completely explain their observed alloc ation to these

occupations for every period between 1960 and 2008. Our hypoth esis going into this

check was that most of the productivity gains were coming from the rising propen-

sity for women to enter occupations like lawyers, doctors, sc ientists, professors, and

managers, where physical strength is not important. Indeed, the results in Table 5

support this hypothesis. The amount of wage growth explained by changing fric-

tions falls only slightly — for example, from 20.0% to 17.8% in th e � h calibration.

How much additional growth could be had from reducing the frict ions all the

way to zero? The answer is shown in Table 6. Consider �rst the � h calibration. Be-

tween 1960 and 2008, changing frictions raised output by 14.8 %, as discussed above.

If the frictions as of 2008 were removed entirely, output woul d be higher by an ad-

ditional 9.3%. For the � w calibration and when brawny occupations are explained

entirely by talent differences, the corresponding numbers ar e somewhat lower.

18These occupations are assigned based on Rendall (2010).
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Table 6: Potential Remaining Output Gains from Zero Barriers

� h case � w case

Frictions in all occupations

Cumulative gain, 1960–2008 14.8% 11.6%

Remaining gain from zero barriers 9.3% 4.3%

No frictions in “brawny” occupations

Cumulative gain, 1960–2008 13.1% 9.7%

Remaining gain from zero barriers 7.2% 3.0%

5.3. Robustness

How sensitive is the growth contribution of changing � 's to our chosen parameter

choices? Tables7 and 8 explore robustness to different parameter values. For each

alternative set of parameter values, we the recalculate the � ig , A i , and � i values so

that the model continues to �t the occupation shares and wage gaps.

The �rst row checks sensitivity to the elasticity of substit ution ( � ) between oc-

cupations in production. Under the � h case, the share of growth explained ranges

from 15.9 percent when the occupations are almost Leontief ( � = � 90) to 23.1 per-

cent when they are almost perfect substitutes ( � = 0 :95). This compares to 20.0

percent with our baseline value of � = 2=3. Outcomes are more sensitive under the

� w case, with the share of growth explained by changing � w 's going from 10.0 to 19.9

percent (vs. 15.8 percent baseline). Note that gains are inc reasing in substitutabil-

ity. Our intuition is that distortions to the total amount of human capital in one

occupation vs. another are greater with higher substitutab ility across occupations

(higher � ). We not only have too few women doctors, for example, but too li ttle total

human capital of doctors when women face barriers to the medic al profession (as

men are subsidized, but by a lesser extent than women are disc ouraged in order for
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Table 7: Robustness Results: Percent of Growth Explained in the � h case

Baseline

� = 2=3 � = � 90 � = � 1 � = 1=3 � = :95

Changing � 20.0% 15.9% 17.0% 18.6% 23.1%

Changing 3:44 4:16 5:61 8:41

� (1 � � ) 20.0% 18.8% 17.8% 17.0%

� = 1=4 � = 0 :005 � = :05 � = :1 � = :5

Changing � 20.0% 14.3% 18.1% 19.3% 18.5%

� = :693 � = :5 � = :8

Changing � 20.0% 20.0% 20.0%

Note: Entries in the table represent the share of earnings gr owth that is explained by the
changing � h 's using the chaining approach. Each entry changes one of the parameter
values relative to our baseline case.

the average � to be zero for those working as doctors).

The second row indicates that the gains from changing � 's shrink as � (1 � 1=eta)

rises above our baseline value (holding � �xed at 0.25). Recall that our baseline

� (1 � � ) of 3.44 was estimated from wage dispersion within occupation -groups con-

trolling for hours worked, potential experience, and educat ion – and making ad-

justments for AFQT scores and transitory wage movements. Thi s baseline value

attributes 75% of wage dispersion within occupation-group s to comparative ad-

vantage. This value may overstate the degree of comparative advantage, as it im-

perfectly controls for absolute advantage. We thus entertain higher values of � that

attribute 50

The direction of these results is intuitive: when people are more similar in ability

(� is higher), smaller barriers are required to explain why wom en and blacks were

underrepresented in high skill occupations. As the more mod est barriers drop, the
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Table 8: Robustness Results: Percent of Growth Explained in the � w case

Baseline

� = 2=3 � = � 90 � = � 1 � = 1=3 � = :95

Changing � 15.8% 10.0% 11.7% 13.9% 19.9%

Changing 3:44 4:16 5:61 8:41

� (1 � � ) 15.8% 15.2% 14.4% 13.6%

� = 1=4 � = 0 � = :05 � = :1 � = :5

Changing � 15.8% 15.6% 15.6% 15.6% 15.8%

� = :693 � = :5 � = :8

Changing � 15.8% 15.8% 15.8%

Note: Entries in the table represent the share of earnings gr owth that is explained by the
changing � w 's using the chaining approach. Each entry changes one of the parameter
values relative to our baseline case.

women and blacks who enter high skill professions are similar in ability to the white

men they displace, limiting the gains from reallocation.

The third row considers different values of the elasticity of h uman capital with

respect to goods invested in human capital ( � ). The gains are generally increasing

in � . In the � h case, the gains rise from 14.3 percent to 20.0 percent as � rises from

0.005 to 0.25.19 Gains are much less sensitive to � in the � w case, rising from 15.6

percent to 15.8 percent as � goes from 0 to 0.5.

The �nal row of the robustness Tables shows that the results a re not at all sensi-

tive to the weight placed on time vs. goods in utility ( � ).

19We must have � > 0 in the � h case as the only source of wage and occupation differences ac ross
groups is different human capital investments in this case.
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Table 9: Female Participation Rates

� h calibration � w calibration

Women's LF participation 1960 = 0.329 2008 = 0.692

Change, 1960 – 2008 0.364

Due to changing � 's 0.106 0.116

(Percent of total) (29.1%) (31.8%)

Note: Results are for white women and black women combined. P articipation is de�ned as work-
ing in market occupations. The sampling weight of part-time workers is split evenly between the
market sector and the home sector. Italicized entries in the table are data; non-italicized entries are
results from the model.

5.4. Further Results

Here we describe a number of additional insights from the mode l.

In the Census data, the share of women working in the market ro se from 32.9

percent in 1960 to 69.2 percent in 2008. One explanation is th at women's market

opportunities rose, say due to declining discrimination or better information. See

Jones, Manuelli, and McGrattan (2003), Albanesi and Olivet ti (2009), and Fogli and

Veldkamp (2011) for empirical analysis of these hypotheses. As Table 2 showed, the

� 's fell in market occupations relative to the home sector for wo men. How much of

the rising female labor-force participation rate can be trace d to changing � 's? Ta-

ble 9 provides the answer. Of the 36.3 percentage point increase, the changing � 0s

contributed 14.6 percentage points, or around 40 percent of the total increase. Ac-

cording to our model, the remaining 60 percent can be attribu ted to changes in

technology such as the A's. This is in the spirit of the work by Greenwood, Seshadri

and Yorukoglu (2005) on “engines of liberation”.

As we report in Table 10, gaps in average years of schooling narrowed from 1960

to 2008 for all three groups vs. white males: by 0.4 years for whi te women, 1.8 years
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Table 10: Education Predictions, All Households (Age 25–55 )

Note: Author's calculations using Census data.

for black men, and 1.55 years for black women. If the � 's for blacks and women

fell faster in occupations with above-average schooling, the n the changing � 's con-

tributed to this educational convergence. The Table indica tes how much. For white

women, the changing � 's account for the trend and then some (0.6 years, vs. 0.4 in

the data). For black men, falling frictions might have narrowe d the schooling gap by

a similar 0.6 years, but this is only about one-third of the co nvergence in the data.

For black women, declining distortions might explain 70 per cent (1.10/1.55) of their

catch-up in schooling.

How much of the productivity gains re�ect changes in the occu pational frictions

facing women vs. those facing blacks? Tables 11 and 12 provide the answer for � h

and � w , respectively. The second column presents the overall wage growth for each

time period. The third column replicates the estimates (alr eady shown in Figures 3)

of setting the � 's to their levels at the end of each period (1960–1980, 1980– 2008,

and 1960–2008 for Rows 1, 2, and 3). Take the � h case. Almost two-thirds (13.0

out of 20.6) of the total gains from reduced occupational frict ions over the last �fty

years can be explained by the changes facing white women. Fall ing frictions faced

by blacks accounted for two-�fths of the gains.

The share of gains associated with falling frictions for white w omen vs. blacks
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Table 11: Contribution of Each Group to Total Earnings Growt h, � h case

Note: Author's calculations using Census data and baseline parameter values.

differs across the time periods. Again, consider the � h case. Blacks accounted for

a larger share of the gains in the 1960s and 1970s than in later decades. From 1960

to 1980, reduced frictions for blacks account for a quarter of th e overall gains from

reduced frictions. From 1980 to 2008, reduced frictions for bla cks account for less

than one-tenth of the overall gains. This timing might link t he gains for blacks to

the Civil Rights movement of the 1960s.

What was the consequence of shifting occupational frictions fo r the wage growth

of different groups? Tables 13 try to answer this question. The �rst column presents

the actual growth of real wages for the different groups from 1960 to 2008. Real

wages increased by 77 percent for white men, 126 percent for whi te women, and

143 percent for both black men and black women. For brevity, co nsider the � h case.

In the absence of the change in occupational frictions, the mo del says real wages for

white men would have been 3 percent higher. Put differently, re al income of white

men declined due to the changing opportunities for blacks and women. But at the

aggregate level, this loss was swamped by the wage gains for bl acks and women.
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Table 12: Contribution of Each Group to Total Earnings Growt h, � w case

Note: Author's calculations using Census data and baseline parameter values.

Almost 40 percent of the wage growth for white women was due to t he change in

occupational frictions. For blacks, around half of their ear nings growth might be

attributable to the increased opportunities they faced. The model explains the re-

mainder of growth as resulting from changes in technology ( A's) and skill require-

ments ( � 's).

Tables 14 and 15 look at the regional dimension of the decline in frictions con -

fronting blacks and women. Here, we assume that workers are im mobile across

regions. With this assumption, a decline in occupational fri ctions in the South rel-

ative to the North will increase average wages in the South re lative to the North.

From 1960 to 2008, wages in the South increased by 10 percent r elative to wages in

the Northeast. In the � h case, about 5 percentage points of this convergence was due

to reduced occupational frictions facing blacks and women in t he South relative to

the Northeast — with the bulk of the effect due to falling � 's for blacks.

From 1980 to 2008, we see a reversal of the North-South conver gence, perhaps

driven by the reverse migration of blacks to the U.S. South. R everse migration is
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Table 13: Group Changes in Wages, � h case

Actual Due to Due to

Growth � h 's � w 's

White men 77.0 percent -4.3% -10.2%

White women 126.3 percent 39.4% 33.6%

Black men 143.0 percent 44.3% 40.2%

Black women 143.0 percent 57.0% 52.7%

Note: Author's calculations using Census data and baseline parameter values.

what one would expect to see if workers are responding to the i mproved labor mar-

ket outcomes in the South by relocating to the South. In a long run with higher labor

mobility, the main effect of declining occupational frictions for blacks in the South

relative to the North might be to increase the number of black s living in the South

relative to the North. Persistent wage gaps might re�ect ski ll differences between

regions. Of course, to the extent mobility is costly even in t he long run, frictions can

contribute to wage gap differences across regions even in the l ong run.

5.5. Average Quality of Workers by Occupation

Using equations ( 9) and (10), the average quality of workers — including both innate

ability and human capital — for group g in occupation i is given by

H ig

qgpig
= 
 �� �

1
(1 � � w

ig )wi
� (1 � si )� 1=� �

 
NX

s=1

~w�
sg

! 1
� � 1

1� �

: (23)

Average quality for a group relative to white men is therefore

H ig =qgpig

H i;wm =qwm pi;wm
=

1 � � w
i;wm

1 � � w
ig

�
wageg

wagewm
: (24)

That is, relative quality in an occupation is simply the wage gap adjusted by the � w

frictions.
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Table 14: Contributions to Northeast - South Convergence, � h case

Note: Author's calculations using Census data and baseline parameter values.

Table 15: Contributions to Northeast - South Convergence, � w case

Note: Author's calculations using Census data and baseline parameter values.
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In the � h case (where the � w variables are set to zero), equation ( 24) implies

that average quality for a group relative to white men is the same across all occu-

pations . In particular, relative quality is precisely equal to the w age gap. When the

labor market friction are introduced, this changes. In this c ase, wages are not equal

to marginal products, so that average quality differs from wage . More speci�cally,

wages are less than marginal products, so average quality is larger when the frictions

are larger.

One way to think about these quality differences is to consider the following

question: if you were to see a doctor chosen at random in 1960, would you rather

see a male doctor or a female doctor?

Figure 5 shows the ratio of average quality between white women and wh ite men

for several occupations, as in equation ( 24). In the � h case, as noted above, relative

qualities are equated for all occupations. Because the wage g ap re�ects quality, the

average female doctor is less quali�ed than the average male d octor — the distor-

tions lead women doctors to accumulate less human capital th an their male coun-

terparts. As the wage gaps have declined over time, the relat ive quality of women

to men in each occupation rose substantially between 1960 an d 2008, from 0.56 to

0.77.

The � w case presents a very different view of the data, as shown in the r ight

panel. The relative quality of women is higher than their wag e gaps suggest be-

cause they are paid less than their marginal products. In 196 0, average was sub-

stantially higher for women relative to men for doctors and man agers. Only the

most talented women overcame frictions to become doctors and managers in 1960,

and some lesser talented white men entered these professions instead. According to

this case, the difference in quality has faded substantially ov er time due to declining

frictions, but remains present even in 2008.

Of course, the real world likely re�ect forces from both the � h and the � w cases.

To this end, independent information on quality trends for occ upation-groups could

be quite helpful in quantifying the relative contributions of h uman capital and labor

market frictions.



THE ALLOCATION OF TALENT 47

Figure 5: Relative Average Quality, White Women vs. White Me n
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Note: The panels show relative average quality (human capit al and innate abil-
ity) in various occupations for white women versus white men , in the � h and � w

cases. Computed using equation ( 24).

6. Conclusion

How does discrimination in labor markets and in the acquisit ion of human capital

affect occupational choice? And what are the consequences of t he resulting misallo-

cation of talent on aggregate productivity? We develop a frame work to tackle these

questions empirically. This framework has three building bl ocks. First, we use a

standard Roy model of occupational choice, augmented to all ow for labor market

discrimination and discrimination in the acquisition of hu man capital. Second, we

impose the assumption that the distribution of an individua l's ability over all pos-

sible occupations follows an iid extreme value distribution . Third, we embed the

Roy model in general equilibrium to account for the effect of occ upational choice

on the price of skills in each occupation, and to allow for the e ffect of technological

change on occupational choice.

We apply this framework to measure the changes in barriers to o ccupational

choice facing women and blacks in the U.S. from 1960 to 2008. We � nd large reduc-

tions in these barriers, largely concentrated in high-skil led occupations. We then

use our general equilibrium setup to measure the aggregate e ffects of the reduction

in occupational barriers facing these groups. observed betw een 1960 and 2008. We
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estimate that the reduction in these barriers can explain 15 to 20 percent of aggre-

gate wage growth, 90 to 95 percent of the wage convergence bet ween women and

blacks and white men, and 30 percent of the rise in women's lab or force participa-

tion from 1960 to 2008.

It should be clear that this paper only provides a preliminar y answer to these

important questions. It would be useful to develop a framework that does not rely

on the assumption that the distribution of talent is iid acro ss all occupations (we are

less troubled by the extreme value distribution assumption ). For example, Lagakos

and Waugh (2011) allow skill to be correlated for working insi de and outside of agri-

culture. Mulligan and Rubinstein (2008) do the same for worki ng in the home sector

and in the market, and argue for changing selection of high abi lity U.S. women into

the market over time. It would also be useful to quantify the ext ent to which the

barriers are due to labor market discrimination versus disc rimination in the acqui-

sition of human capital. As we've discussed, independent da ta on quality trends

would be useful to distinguish between these two forces. Final ly, we have focused

on the gains from the reduction in barriers in occupational ch oice facing women

and blacks over the last �fty years. However, we suspect that s imilar barriers facing

children from less af�uent families and from regions of the count ry hit by adverse

economic shocks have worsened in the last few decades. If so, this could explain

both the adverse trends in aggregate productivity and the for tunes of less-skilled

Americans over the last decades. We hope to tackle some of the se questions in

future work. One could also investigate groups in other count ries. For example,

Hnatkovska, Lahiri and Paul (2011) look at castes in India an d �nd narrowing differ-

ences in education, occupations, and wages in recent decade s.

A Derivations and Proofs

The propositions in the paper summarize the key results from t he model. This ap-

pendix shows how to derive the results.

Proof of Proposition 1. Occupational Choice
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As given in equation ( 5), the individual's utility from choosing a particular occu-

pation is U(� i ; wi ; � i ) = (�� �wig � i )
�

1� � , where �wig � wi s
� i
i (1 � si )

1� �
� =� ig . The solution

to the individual's problem, then, involves picking the occ upation with the largest

value of �wig � i . To keep the notation simple, we will suppress the g subscript in what

follows.

Let pi denote the probability that the individual chooses occupat ion i . Then

pi = Pr [ �wi � i > �ws� s] 8i 6= s

= Pr [� s < �wi � i =�ws] 8s 6= i

= � s6= i Fs( �wi � i =�ws) (25)

if � i is known for certain. Since it is not, we must also integrate ov er the probability

distribution for � i :

pi =
Z

� s6= i Fs( �wi � i =�ws)f i (� i )d� i ; (26)

where f i (� ) = �T i � � (1+ � ) expf� Ti � � � g is the pdf of the Fr échet distribution. Substi-

tuting in for the distribution and pdf, additional algebra lea ds to

pi =
Z

�T i

�
� s6= i expf� Ts( �wi � i =�ws)� � g

�
� � (1+ � )

i expf� Ti � � � gd� i

=
Z

�T i �
� (1+ � )
i exp

(

�
NX

s=1

Ts

�
�wi

�ws

� � �

� � �
i

)

d� i : (27)
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Now, de�ne �Ti � �
P N

s=1 Ts

�
�wi
�ws

� � �
. Then the probability simpli�es considerably:

pi =
Ti
�Ti

Z
� �Ti �

� (1+ � )
i expf� �Ti � � �

i gd� i

=
Ti
�Ti

Z
d �Fi (� i )

=
Ti
�Ti

=
Ti �w�

iP
s Ts �w�

s

=
~w�

iP
s ~w�

s
(28)

where ~wi � T1=�
i �wi .

Total ef�ciency units of labor supplied to occupation i by group g are

H ig = qgpig � E [hi � i j Person choosesi ] :

Recall that h(e; s) = s� i e� . Using the results from the individual's optimization prob-

lem, it is straightforward to show that

hi � i = ~hi (wi =� i )
�

1� � �
1

1� �
i ;

where ~hi � ~�s
� i

1� �
i and ~� � � �= (1� � ) . Therefore,

H ig = qgpig ~hi (wi =� i )
�

1� � � E
�
�

1
1� �
i j Person choosesi

�
: (29)

To calculate this last conditional expectation, we use the e xtreme value magic

of the Fr échet distribution. Let yi � �wi � i denote the key occupational choice term.

Then

y� � max
i

f yi g = max
i

f � i =� i g = � � =� � :
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Since yi is the thing we are maximizing, it inherits the extreme value distribution:

Pr [y� < z ] = � N
i =1 Pr [yi < z ]

= � N
i =1 Pr [ �wi � i < z ]

= � N
i =1 Pr [� i < z= �wi ]

= � N
i =1 exp

(

� Ti

�
z
�wi

� � �
)

= expf�
NX

i =1

Ti �w�
i � z� � g

= expf� �T z� � g: (30)

That is, the extreme value also has a Fr échet distribution, with a mean-shift param-

eter given by �T �
P

s Ti �w�
i .

Straightforward algebra then reveals that the distribution of � � , the ability of peo-

ple in their chosen occupation, is also Fr échet:

G(x) � Pr [� � < x ] = expf� T � x � � g (31)

where T � �
P N

i =1 Ti ( �wi =�w� )� .

Finally, one can then calculate the statistic we needed abov e back in equation ( 29):

the expected value of the chosen occupation's ability raise d to some power. In par-

ticular, let i denote the occupation that the individual chooses, and let � be some

positive exponent. Then,

E[� �
i ] =

Z 1

0
� � dG(� )

=
Z 1

0
�T � � � (1+ � )+ � e� T � � � �

d� (32)

Recall that the “Gamma function” is �( � ) �
R1

0 x � � 1e� xdx. Using the change-of-
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variable x = T � � � � , one can show that

E[� �
i ] = T � �=�

Z 1

0
x � �=� e� x dx

= T � �=� �(1 � �=� ): (33)

Applying this result to our model, we have

E
�
�

1
1� �
i j Person choosesi

�
= T � 1

� � 1
1� � �

�
1 �

1
�

�
1

1 � �

�

=
�

Ti

pig

� 1
� � 1

1� �

�
�

1 �
1
�

�
1

1 � �

�
: (34)

Substituting this expression into ( 29) and rearranging leads to the last result of the

proposition.

Proof of Proposition 3. Occupational Wage Gaps

The proof of this proposition is straightforward given the re sults of Proposi-

tion 1.
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Table 16: Sample Statistics By Census Year

Note:

B Data Appendix
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Table 17: Occupation Categories for our Base Occupational Sp eci�cation

Note:
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Table 18: Examples of Occupations within Our Base Occupatio nal Categories

Note:
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Table 19: Occupation Categories for our Broad Occupation Cla ssi�cation

Note:


