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Abstract

In this paper, we present a unified treatment of and explanation for the evolution of wages
and employment in the U.S. over the last 30 years. Specifically, we account for the pattern of
changes in wage inequality, for the increased relative wage and employment of women, for the
emergence of the college wage premium and for the shift in employment from the goods to the
service-producing sector. The underlying theory we adopt is neoclassical, a two-sector
competitive labor market economy in which the supply of and demand for labor of heterogeneous
skill determines spot market skill-rental prices. The empirical approach is structural. The model
embeds many of the features that have been posited in the literature to have contributed to the
changing U.S. wage and employment structure including skill-biased technical change, capital-sKill
complementarity, changes in relative product-market prices, changes in the productivity of labor

in home production and demographics such as changing cohort size and fertility.
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|. Introduction:

In this paper, we present a unified treatment of and explanation for the evolution of wages
and employment in the U.S. over the last 30 years. Specifically, we account for the pattern of
changes in wage inequality, for the increased relative wage and employment of women, for the
emergence of the college wage premium and for the shift in employment from the goods to the
service-producing sector. The underlying theory we adopt is neoclassical, a two-sector
competitive labor market economy in which the supply of and demand for labor of heterogeneous
skill determines spot market skill-rental prices. The empirical approach is structural. The model
embeds many of the features that have been posited in the literature to have contributed to the
changing U.S. wage and employment structure including skill-biased technical change, capital-sKill
complementarity, changes in relative product-market prices, changes in the productivity of labor
in home production and demographics such as changing cohort size and fertility.

Although changes in wages and employment have been well documented for much of the
period covered in our analysis, it is useful to summarize the patternsin order to establish a
common reference.” Tables 1 presents statistics on the distribution of (accepted) hourly wages

over the period 1968-2000 based on March CPS data.? For ease of exposition, the annual figures

! Seg, for example, Katz and Autor (1999) and, more recently, Eckstein and Nagypal

(2004) and Autor, Katz and Kearney (2004).

2 Anindividual is defined as working in a calendar year if annual hours are at least 780.
Wages, converted t01983 dollars using the GDP deflator, are for those age 16 to 64. Imputed
wages are dropped, top-coded wages are set at twice the top-coded level and wages below 2

dollars are dropped. The self-employed are not included.
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are grouped into, and averaged over, six periods, 1968-1974, 1975-1979, 1980-1984, 1985-
1989,1990-1994, 1995-2000. Table 1 highlights a number of trends: (1) Mean and median wages
were relatively unchanged in the first three periods; between the 1968-1974 and 1980-1984
periods, the mean wage grew by about 4 percent and the median wage fell by about 2 percent.®
Mean and median wages grew slowly in the post 1980-1984 period; mean wages by 21.5 percent
and median wages by 15 percent through the 1995-2000 period. (2) Wage growth has been
uneven over different percentiles of the wage distribution. Wages below the median grew very
little over the whole period, while they grew a great deal for those above the median, particularly
those in the highest percentiles of the distribution. Specifically, up to the 1990-1994 period,
workers in the 10", and 25™ percentiles experienced no wage growth, with some growth since
then. However, between the 1968-1974 and 1995-2000 periods, the hourly wage of workersin
the 75" percentile grew by 24 percent and those in the 90" percentile by 33 percent.* (3) Even
those workers with the highest wages experienced little wage growth before the 1980-1984
period; for example, between 1968-1974 and 1980-1984, the growth in wages for workersin the
90™ percentile of the wage distribution was only 8 percent.

Wage inequality not only has grown among all workers, but has also grown after
accounting for wage differences that result from changes in schooling, age, gender and

occupation-sector of employment. Table 2 reports the standard deviation of the log wage (in the

% Only accepted wages, wages for those that chose to work, are observed. The difference
between accepted and offered wages is potentially important in understanding trends in observed

wages (see e.g., Heckman and Sedlacek (1985)).
* Hourly wages grew by 42 percent for the 95" percentile.
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first column) and the root mean square error from regressions of the log wage on alternative sets
of regressors. The first set of regressors (1) includes schooling, age, age squared and gender, the
second (2) adds dummies for six sector-occupations, and the following sets, (3) - (8), use the
same regressors as (1) but condition on each occupation-sector in turn. Without controls, the
standard deviation of the log wage increased from .542 in the 1968-1974 period to .642 in the
1995-2000 period. Thereisadrop in dispersion in all periods when controls are added, but the
increase in dispersion over time remains. For example, in comparison, in specification (2) the root
mean square error rises over time from .406 to .509. The specifications that condition on
occupation-sector, and that control for the other regressors, indicate that increased wage
dispersion is not confined to one sector or to one occupation, but is a more general phenomenon.
Given the pattern of increased wage inequality as seen in table 1, it should not be
surprising that wages of more-schooled workers have grown faster than for those with less
schooling. Table 3 documents this. The median hourly wage of high school graduates (12 years of
schooling) was essentialy flat over the entire period, falling until the 1980-1984 period (by 7
percent), and then rising essentially back to the level of the earliest period by 1995-2000. The
median hourly wage of college graduates (16 years or greater), on the other hand, exhibited
significant growth. Although, like the high school graduates, wages fell until 1980 (by 4 percent),
they subsequently grew by about 25 percent from then until the 1995-2000 period. Given these
patterns, the median wage of college graduates grew from being 52 percent higher than that of
high school graduatesin 1968-1974 to being 78 percent higher in 1995-2000. However, aimost

the entire increase occurred between 1980 and 1995; the “college premium” actually dropped



dightly between 1968-1974 and 1975-1979 and has been essentially constant during the1990's.”
Although the pattern of wage change differed over time, with there being a significant
trend break beginning in the 1980-1984 period, the proportion of the age 25 to 65 population
who were college graduates grew steadily throughout. College graduates comprised only about
17 percent of that group in the 1968-1974 period, 24 percent by the 1980-84 period and 27
percent by 1995-2000.° While the potential supply of college graduates to the labor market was
increasing relative to high school graduates, as seen in table 3, employment rates of each group
grew similarly (from 70.0 to 78.8 percent for college graduates and from 58.2 to 65.7 for high
school graduates). Overall, the number of employed college graduates for every 100 employed
high school graduates grew from only 40 in the 1968-1974 to 84 in the 1995-2000 period.
Equally striking has been the very large increase over this period in female employment,
both absolutely and relative to men, coupled with a substantial increase in the female-to-male
wage ratio. These changes are shown in table 4. Although the median wage grew by only about
90 cents per hour for male workers over the 1968-1974 t01995-2000 period, the median wage for
female workers grew by over 2 dollars an hour, leading to a 15 percentage point increase in the
female-male median wage ratio (from .585 to .733). Over the same period, the male employment
rate remained roughly constant (although there was again atrend break before and after the 1980-

1984 period, with the male employment rate declining and then rising), while the femae

® The pattern is similar for mean wages; the college premium grew from 62 percent to 93

percent.

® There has been a concomitant decline in the proportion of high school non-completers

(lessthan 12 years).



employment rate rose by over 20 percentage points. Thus, in 1968-74, there were 55 working
women for every 100 working men, while by 1995-2000, there were 82 working women for every
100 working men.”

Finally, while these magjor changes were occurring in the labor market, the production
sector of the economy was also undergoing a dramatic shift. As has been going on for more than
50 years, the U.S. economy was continuing to shift its production from the goods-producing to
the service-producing sector.? Table 5 highlights these changes.® Although the growth rate in the
value of service-sector output relative to goods-sector output (in constant dollars) was
monotonic, it accelerated after 1980. Between1968 and1980, the value of service-sector output in
constant dollars grew by 1.26 percent per year more than the value of goods-sector output, while
between 1981 and 2000 the differential growth rate was 2.51 percent per year. Thisincreasein
the differential rate of growth of the value of service-sector output between the 1968-1980 and
1981-2000 periods was mirrored by an even larger change in the relative rate of growth of capital

allocated to the service sector. In the first period, the annual growth rate of capital was 0.67

" Recall that our definition of work includes what is considered part-time. The overall

patterns would not be changed if we restricted attention to full-time work.
8 See Fuchs (1968, 1980) and Lee and Wolpin (2006).

° The dataiin table 5 on output and capital come from the Bureau of Economic Analysis.
The goods-producing sector consists of the agriculture, mining, construction and manufacturing
industry categories, the service sector of the transportation and public utilities, trade, finance,
insurance, real estate, private household service, miscellaneous service and public administration

industry categories.



percent less per year in the service sector, but 1.51 percent more in the second period. On the
other hand, the relative rate of growth in service sector employment was slightly greater in the
first period, 2.45 percent per year, than in the second, 2.009.

Given the differing occupational distribution among sectors, the shift towards service-
sector production and employment went along with an increase in white-collar employment and a
reduction in blue-collar employment economy-wide. Over the 1968-2000 period, the proportion
of workers employed in white-collar occupations increased from 27 to 40 percent, the proportion
in pink-collar occupations fell dightly, from 22 to 21 percent, and the proportion in blue-collar
employment fell from 51 to 39 percent (Lee and Wolpin (2006)).

Our main conjecture is that these four phenomena, (i) increased wage inequality (overall
and within groups), (ii) the rise in the college premium and relative increase in college graduates,
(iii) the increase in the female-male wage ratio and in relative female employment, and (iv) the rise
of the service sector, are inter-related, resulting from the same set of changes in underlying
fundamentals. One piece of evidence consistent with this conjecture is the common trend break
surrounding the 1980-1984 period that runs throughout the previous tabulations.

In considering these labor market trends, we build on an extremely large literature that,

however, has mostly considered them as separate phenomena.’® Murphy and Welch (1992)

19 The general rise in inequality and the increase in the college premium have often been
linked (for example, Murphy and Welch (1992)), but not together with the rise in female-male
wages and employment and the growth in the service sector. Therise in the service sector and in
female employment have been linked (see Fuchs (1980)) and Welch(2000) argues that both the

rise in wage inequality among men and the reduction in the gender wage gap are both the result of
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suggest that linking these phenomena (at least the first three) might prove useful in assessing
candidate explanations, a suggestion we follow, perhaps more closely than they intended. Katz
and Autor (1999) provide a comprehensive review.™ Asthey point out, the primary framework
for explaining these phenomenais based on standard demand and supply considerations. Among
those considerations are:

Demand-Side Factors:

1. Factorsthat contribute to shifts towards increased employment in high skill
industries - differential technological change across sectors.

2. Factors that contribute to skill upgrading within industries - skill biased
technological change within sectors and capital skill complementarity coupled with changesin the
price of capital favoring capital-intensive sectors.

3. International trade changes - changes in product prices favoring skill-intensive
sectors.

Supply-Side Factors.
1. Cohort size variation.

2. Factors that ater female labor supply given factor prices - fertility (if not a

an increase in the price of (intellectual) skill.

1 Among the papers surveyed by Katz and Autor are Bound and Johnson (1992),
Gottschalk and Moffitt (1994), Juhn, Murphy and Pierce (1993), Katz and Murphy (1992),
Krusell et. al. (2000) and Murphy and Welch (1992, 1993). More recent contributions include
Baldwin and Cain (2000), Eckstein and Nagypal (2004), Hornstein et. al. (2004) and Welch

(2000).



choice) or contraceptive costs, and changes in the value of home time or in social “norms”
associated with female work.

3. Factors that ater educational investment behavior given factor prices.

4. Immigration.

Our approach differs from that found in the literature in at least two ways. First, we
develop and estimate an explicit labor market equilibrium model.*? Second, rather than rejecting a
single explanation if it does not appear to be consistent with all facts (see, for example, Card and
DiNardo (2002)), we quantitatively assess the relative importance of a number of explanations,
some potentially countervailing, placed within the same framework.

The general features of the model we estimate are:*® (i) There are two production sectors,
goods and services. The aggregate production functions are CES with constant returnsto scale in
three sKkill types (white-, pink- and blue-collar occupations) and homogeneous capital. Capital and
white-collar skill form a nested CES composite input. There is both time-varying neutral and non-

neutral technological change and combined aggregate productivity and relative product price

12 Our work is similar in that respect to Heckman, Lochner and Taber (1998).

3 The mode! extends and builds on a long tradition of prior work. We extend Heckman
and Sedlacek’s (1985) static model of sectoral choice in the presence of skill heterogeneity to a
dynamic choice setting, combining it with features in Willis and Rosen (1979) and Willis(1986),
adopt the partial equilibrium dynamic schooling and occupational choice framework of Keane and
Wolpin (1997), and extend the general equilibrium formulations of Lee (2005) and Heckman,
Lochner and Taber (1998) to alow for sectoral choice and aggregate shocks. The model is

essentialy the same as that in Lee and Wolpin (2006).
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shocks. The relative goods-to-service product price is exogenous as is the price of capital. (ii)
Individuals age 16 to 65 choose among eight discrete aternatives at each age, working in any of
the six sector-occupations, attending school or remaining in the home sector. An individual
receives a stochastic wage offer from each sector-occupation in each period that is the product of
a competitively determined sector-occupation-specific skill rental price and the individual’s
accumulated sector-occupation-specific skill. The latter depends on the individua’s level of
schooling in that period and the individual’s accumulated work experience in each sector-
occupation. There is an age-invariant non-pecuniary payoff to each sector-occupation and a
stochastic consumption value of attending school and of remaining in the home sector. The latter
depends on the number of pre-school children in the household and also is trended due to
technological improvements in household production technology. Transiting between aternatives
involves a cogt. (iii) The population at any calendar time consists of overlapping generations of
individuals of both sexes age 16 to 65 and is time-varying. The population consists of five types of
individuals, where atype is distinguished by their endowment of each sector-occupation-specific
skill and their consumption values of schooling and home.

To solve the modél for the six equilibrium skill prices, which are determined by equating
skill prices to their respective marginal revenue products evaluated at aggregate skill amounts, we
adopt aforecasting rule, that is, ajoint stochastic process, for skill prices, and develop an iterative
agorithm to determine the parameters of the process.** We estimate the parameters of the model

by matching aggregate statistics on employment, wages and school enrollment from the March

4 In Lee and Wolpin (2006), we provide evidence that this approximation is, by some

metric, areasonable approximation to the rational expectations equilibrium.

11



supplements of the Current Population Surveys from 1968-2001, on sectoral output and capital
from the Bureau of Economic Analysis and on employment transitions from the NLSY 79. We
present evidence on the fit of the model to salient pieces of the data.

We use the parameter estimates to simulate counterfactual experimentsto quantitatively
assess the relative importance of supply and demand factors. We find that there is no single
explanation for all of the changes that have occurred. In some instances, technological change
played the major role, sometimes Hicks-neutral and sometimes skill-biased change being of more
central importance. In other instances, supply side factors played the more significant role.

The next section presents the model, followed in section |11 by a discussion of the
estimation method and in section 1V by the results of the estimation and the model fit. Section V
discusses the counterfactual experiments and evaluates the role of demand and supply factorsin
accounting for the four phenomena we study. Conclusions are provided in the last section.

Il. Model:

To motivate the model specification, it is useful to summarize how demand and supply
factors are incorporated into the model. As noted, the setup is that there are six skill types of
labor, three within each of the two production sectors. The demand for skill typesis determined
by their respective marginal revenue products. Factor demand and product supply shift asthereis
technological change in each sector. The model allows for both sector-specific Hicks neutral and
skill-biased technological change. Because there seems to have been a structural break in 1980,
the model allows for the pace of skill-biased technological change to differ after 1980. Hicks-
neutral technological change is estimated as a Solow-like residual and so may also exhibit atrend

break. In addition, exogenous (by assumption) changes in the relative price of goods to services

12



and in the rental price of capital directly affect product supplies and factor demands.’ Periods of a
rising relative price of services to goods would induce faster relative growth in service sector
output and employment. A declining rental price of capital would increase the demand for capital
relatively more in the capital intensive sector, as well as increasing the demand for complementary
inputs, that is, for higher skill occupations if there is capital-skill complementarity (for which we
allow). The model’s estimates will determine the extent to which these demand-side factors are
separately and jointly responsible for the labor market changes described above.

On the supply side, individuals choose among eight possible activities at each age,
working in any of the six sector-occupations, attending school or remaining at home. The rate at
which individuals accumulate sector-occupation specific skill depends on thelr initial endowments
of each skill and on the history of their choices. For any given (birth) cohort, there is an age-
dependent distribution of potential supplies of the six types of sKkill. In a stationary environment of
constant cohort size, these potential supplies would not vary with calendar time. However,
because of variations in cohort size, the environment we consider is not stationary in terms of the
age distribution of the population; thus, the potential supply of sector-occupation skills varies with
calendar time and may provide a part of the explanation for the observed labor market changes.*

Changes in skill supply may also have accompanied the increase in female labor force participation

> We do not distinguish between relative product price changes and Hicks-neutral
technological change. Throughout, when we refer to Hicks-neutral technological change, we
mean its combination with product price changes.

16 Further non-stationarity arises because of immigration which effectively increases the
relative sizes of birth cohorts as cohorts age.
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as females are modeled as having potentially different skill endowments and preferences. Changes
over time in female labor supply arise in the model because of changes in cohort-specific fertility
rates (considered exogenous) and the effect that young children have on the value of female home
time, and of changes in the marginal utility of home time caused by technological innovationsin
home production or in societal “norms.” Finally, changes over time in school attainment at age 16
(initial schooling) may also have affected the skill distribution in ways that influenced the growth
in the service sector. Again, the model’s estimates will quantify the relative importance of supply
factorsin determining the growth in the service sector.

Additional model specification issues are addressed as the details of the model are
presented.

Modd Specification:

Technology:

We consider atwo-sector economy, the goods-producing sector (G) and the service
sector (R), each producing output (Y) using three skill categories of workers, white-, pink- and
blue-
collar (W, P, B) and homogeneous capital (K). Each sector is aso subject to an aggregate
productivity shock (). Skill units (S) of each worker category (occupation) employed in each
sector are additive over workersin that occupation and sector. Specifically, production at timet,

valued at the sector’s period t rea price (p), is given by the following nested CES function

pthtj = ptjCjt Fj(Sth’ Stjp’ Sth’ Ktj)

T 1
2ol ()7 + ay (S°)7 + (1) NS + (M) (K171, =GR @
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Production in each sector is subject to constant returnsto scale. The elasticity of substitution
between capital and white-collar skill is 1/(1-v') and that between the composite capital-white-
collar skill input and the other skill categories1/(1-6') . Hicks-neutral and factor-biased
technological change are assumed to be time-varying.*’

Sector-specific real productivity is subject to shocks, z = ptj (;{, that, evaluated at constant

dollars, are assumed to follow ajoint first-order VAR process in growth rates. Specifically,

Iz, - Inzl = ¢} + ¢l (Inz-Inz,) + &.,, j=G,R, (22)
k=G,R

where the innovations are joint normal with the elements of the variance-covariance matrix cjzk :

1,k=G,R. The time-varying factor shares, reflecting biased technologica change, are assumed to

be constant up to 1960 and then to follow separate linear trends until 1980 and then different

linear trends thereafter. Specifically,

Y The particular nesting assumption in (1) is similar to that in Krusell et. al. (2000) in
which skilled labor (white-collar in our case) forms a composite input with capital. Although it is
somewhat arbitrary to nest pink-collar with blue-collar skill rather than with white-collar skill, a
rationale is that college graduation rates are much higher for those in white-collar than in pink-
collar occupations; 56 percent of white-collar workers had college degrees in 2000, while that
was true for only 20 percent of pink-collar workers. The difference was proportionately even

greater in 1968, 41 percent versus 7 percent.
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o, =d, if t<1960,
aly + o (t - 1960)  if 1980 >t > 1960, (2b)
[0k, + 20a},] + al,(t-1980) if 2000> t >1980 , j=G,R, k=1,2,3.

Choice Set:

At each age, froma= 16 to 65, an individual of type h who is dlive at time t chooses
among eight mutually exclusive aternatives, each denoted by a dichotomous variable (drjm) equal
to oneif aternative j is chosen and zero otherwise. Adopting the convention, which we continue
throughout, that sector-occupation categories are ordered as { GW=1, GP=2, GB=3, RW=4,
RP=5, RB=6}, the alternatives are: (1) work in the goods-sector white-collar occupation - dhla,
(2) work in the goods-sector pink-collar occupation - dhza, (3) work in the goods-sector blue-
collar occupation - dh3a, (4) work in the service-sector white-collar occupation - dfaﬁ, (5) work in
the service-sector pink-collar occupation - df’am or (6) work in the service-sector blue-collar
occupation - d_, (7) attend school - d.”,, (8) take leisure (neither work nor attend school) - d>. .
The population consists of H discrete types of individuals who permanently differ in preferences
and skill endowments (unobserved by us, but known to the individual) as described below; the
probability that an individual is of any given typeis =, . In what follows, we drop the hand t
subscripts where the meaning is clear.

Preferences:

As previoudly noted, for tractability, we assume that the discrete time allocation decision is
independent of the relative price of goodsto services, that is, we assume a utility specification that
enables us to ignore the consumption alocation decision. The flow utility at each age afor an

individual of type his given by
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6
q7 8
kZ * Yy + Vg Ga Ygda da 1

+ Yyo8a (1-dy )IESLD) + v, A, (1-0) ) I(E212) + u(c,

where

Von=Y12 * Yoon * [Yol(MaE=1) +y_|(Mae=0)] , (39)

Yan =Vaon [Ver!(Male=1) +ygl(Mae=0)] + vg;ny ,
+ Vg By + Vg5l (E;S12) + vg6l(E,216)
Yere = Van if t<1960 , (3b)
~ Jgn + Vg (t-1960)  if 1980 >t>1960 ,
~ Fgr + 2075, + Ygg(t-1980) if 2000 t »1980 ,

3)

R
C, )

and wherey}, , Vg3~ Vgg @S0 differ by gender.* u(caR, cf) is the separable consumption branch of

18 ,,C

Vo = v if <1920

o2 = V1o (1960-0)/40 + y1;°(c-1920)/40  if 1960 >t>1920 ,

v5, = 1 if ¢=1960 ,

Yoo = Vi3 (1980-0)/20 + yi57 (c-1960)/20  if 1980 >t>1960 ,

Yi2 = Y12 (2000-0)/20 + v °(c-1980)/20  if 2000 >t> 1980 ,

17
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the utility function.™

As seen from the form of (3), fitting the choice data required us to place additional
structure on the utility function.® For example, the utility specification allows for differential non-
pecuniary benefits associated with working in each sector-occupation, given by vy, for k=1,...6,
because wage differentials alone do not provide a good fit to the choice distribution. To capture
the strong degree of persistence in the choice of the schooling and home aternatives, those
choice-specific utilities are assumed to vary by an individual’s time-invariant type, in addition to
being subject to age-varying iid stochastic shocks, namely, v, =7V, * &4 K=7, 8. To fit the fact

that returning to school after a period of non-attendance is rare, the utility specification also

9 Alternative formulations of u with the property that the labor allocation decision is
independent of the relative price of goods to services are that u is linear, or quasi-linear, and
additively separable in goods and services consumption, for example, u(c’,c’) =c2 +g(cy). A
simpler aternative isto invoke the Hicks composite commodity theorem together with additive
linearity of the utility function in the composite consumption good. However, relative prices have
not been constant over the period. Quasi linearity also permits negative consumption in one of the
sectors, which arises in our model whenever an individual attends college or graduate school (see
below). However, given separability, we do not have to solve for the consumption allocation
decision.

% The exact structure we adopt for the utility function, and for the other structural
relationships that are described below, is similar to that in Keane and Wolpin (1997) and in Lee
and Wolpin (2006). As in those papers, the final forms are, in part, the result of structural
modifications made during estimation by assessing within-sample fit.
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includes a psychic cost of reentering high school, E, lessthan 12,v,,, and a separate cost for
reentering college, E, at least 12,7, , . Particularly because females are less likely to work when
there are young children in the household, the utility associated with being at home is allowed to
depend on the number of children under the age of six (ny;,) and, to better fit persistence in the
home alternative, on whether the individual was at home in the previous period, v,. Finally, to
alow for changes in supply side determinants of employment not captured by changes in fertility,
namely changes in home productivity and in social “norms,” the value of leisure is allowed to
depend on calendar time (with a potential trend break in 1980); similarly, to account for supply
side changes in schooling due, say, to changes in college tuition costs and access to junior
colleges, the value of attending school is allowed to change with cohort (with potential trend
breaks in 1960 and 1980). Preference shocks are joint normal with elements of the variance-
covariance matrix given by oy, j, k=7, 8.

Constraints:

The individual faces the following budget constraint:

.. 6 8 6
Y p c;:k; WydX ~[B,1(E;212) +B,1(E,214) + B,I(E,216)1d] - Y 3 g, dldy,, (4

i=GR k=1j-1

where wa'; is the real wage (earnings) an individual of age areceives from working in sector-
occupation k at timet, B, isthe cost of the first two years of college attendance, B, the additional
cost of the second two years and B, the additional cost of graduate school attendance. To flexibly
fit the one-period trangition patterns into sector-occupation- specific employment, we include

parametersin (4), the Sik ‘S, that reflect adirect cost of switching from any of the eight
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alternatives to any of the six employment alternatives. These mobility parameters depend on
gender.

An individual receives awage offer in each period from each sector and in each
occupation. We adopt a Ben-Porath - Griliches specification of the wage function.?? Each sector-
occupation-specific wage offer is the product of a sector-occupation-specific competitively
determined skill rental prices (r) and the amount of sector-occupation-specific skill units
possessed by the individual (s). Thereis a production function for each type of skill. Skill units are
produced through formal education and through work experience (X) accumulated in each sector-
occupation and are subject to idiosyncratic iid shocks. To improve the fit of wage profiles, a
linear age effect isintroduced upon reaching age 40. Specifically, atype-h individual’s (log) wage

offer at age aand calendar timet in the j-th sector-occupation combination is

j i i
log Wi, = Inr’ + Ins,,

Inr) + b, + o), E, + 0,1 (E,<12) + w41 (E,>16)

)
6 _ . _ . |
+(Z w‘zkxak)w’a_mgl(a>40) (a-40) + il (Mae=0) + 1.

k=1

Y ears of education evolves as E, =E, , +d, ; and sector-occupation-specific work
experienceas X=X/, +d! |, j=1,...6. Age 16 (initial) schooling is taken as given and initial

experience is zero in all sector-occupations. The w{)h‘s are (unobserved) skill endowments at age

2 The budget constraint does not allow for savings. To close the equilibrium model,
payments from the return on capital in any year are assumed to be independent of all choices.
22 See Ben-Porath (1967), Griliches (1977) and also Willis (1986).
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16 for an individual of type h and the n;,;s are age- and time-varying shocksto skill (reflecting, for
example, health shocks). The probability that an individual is of any type depends on initial
schooling at age 16. To capture increases in wage inequality not accounted for elsewhere in the
structure, the sector-occupation variances in skill shocks are allowed to depend on calendar
time.? Skill endowments also vary by gender. In (5), sector-occupation-specific “composite”
work experience is a sector-occupation-specific weighted sum of work experience across all
sector-occupations. Thus, in addition to the direct mobility cost associated with switching
employment to a different sector-occupation (theSjk ‘sin (4)), thereisalso alossto the extent that
the accumulated work experience in the origin sector produces less composite work experience in
the destination sector, that is, there is aloss of specific human capital.

The number of pre-school children, ages 0 to 5, assumed above to affect the value of
leisure, is taken to be exogenous and can be any one of three values, 0, 1 or 2 or more.
Trangtions from one value to another are governed by a transition probability function that

depends on the individual’s age, sex, education and birth cohort.?*

2 Specifically, o =0t o+ (0*2"%00*2"0) (t - 1960)1(t>1960).

# Note that fertility is determined by the current level of completed schooling which
depends on prior choices. The fertility transition probabilities are the sample transition rates within
the following categories: individual ages between 16 and 65 by sex by four education categories
(completed schooling less than 12, exactly 12, 13 to 15, 16 and over) and by single years between
1901 and 2000. Before 1960, it is not conditioned on education. The transitions are based on

decennial census data from 1910, 1940, 1950, 1960 and on CPS data from 1964 on.
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Market Clearing:

The economy consists of overlapping generations of individuals age 16 to 65. Each
individual alive at t maximizes the remaining expected discounted present value of lifetime utility
given their age, subject to (3) - (5), by choosing among the eight alternatives. Maximized

expected lifetime utility of an individual who isage aat timet is given by

V(@) - max i Elpau|Ql (8

wherep is the discount factor and Q. is the information set (or state space) at age aand timet.
The terminal period, A, the retirement age, is probabilistic starting from age 56; the probability
increases linearly until age 64, differs by gender, and is one at age 65.% The information set
consists of current idiosyncratic shocks, years of education and work experience, current and past
skill rental prices, current and past aggregate shocks, the current and past ages of pre-school
children, as well as other information used to forecast future rental prices.

At any time t, agents in the economy form a common forecast of the distribution of future
skill rental prices, and based on that forecast and each agent’s current state, including the current
set of sKill rental prices, the alternative that is optimal is chosen. Aggregate skill supplied to each
sector-occupation is the sum of the skill units of the individuals choosing that alternative. Letting

N_, be the total number of individuals who are age a at time t, aggregate skill supplies are given by

% The retirement probability is parameterized as follow:
P, = (L/40)[A (t - 1960) + B (2000 - t)], where B =wg + 05, (65-8) and A=oz,+ws,(65-8).
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where we highlight the dependence of current choices on the set of six skill rental prices. The
aggregate supply of capital is perfectly elastic at the current rental price of capital and aggregate
demand is equal to the sum of the demand in the two sectors, K, =K.® +K . Given the static
nature of the demand side of the model, aggregate skill demand for each sector-occupation is
determined by equating the marginal revenue product of aggregate skill for each sector-
occupation to its current (equilibrium) skill rental price. The amount of capital used in each sector
at timet is determined by equating the marginal revenue “product of capital in each sector at time

t to the exogenous rental price of capital, r,<. Formally,
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In arational expectations equilibrium, current and past values of the aggregate shocks and
of capital rental prices, which are common to all agents, as well as the idiosyncratic elements of
the state space associated with the decision problem of each agent in the economy (age,
schooling, work experience in each sector-occupation, preference and skill shocks) will determine

equilibrium skill rental prices. Specifically, equilibrium skill rental prices equate aggregate skill

23



supplies and demands in all sector-occupations. At each timet, the six excess demand functions

satisfy

(ST oemang ~ [Sapy = &1t Z, T, ©) = 0 for j=1,..6, 9)

where Zt is the vector of current and past productivity shocks, Tf is the vector of the current and
past capital rental prices, Qtisthe state space vector at timet over all agentsin the economy and
O isthe set of model parameters. The system of excess demand functions (9) does not have an
analytical form nor does the set of skill rental prices have an analytical solution. To solve the
model, we adopt the following numerical solution agorithm.

We assume that the solution to (9) for the growth rate of equilibrium skill rental prices can

be approximated by the following function:*

% The methodology of approximating a rational expectations equilibrium process
combines ideas in Krusell and Smith (1998) and Altug and Miller (1998). Krusell and Smith use
moments of the aggregate distribution of the state space elementsin the forecasting rule as an
approximation to the rational expectations equilibrium for which they solve, while Altug and
Miller assume a Markov process for the forecasting rule of the equilibrium price in their model

but do not explicitly solve the equilibrium.
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Essentialy, (10) assumes that the contemporaneous growth rate of sector-specific productivity
shocks and a one-period lag in the growth rate of sector-occupation-specific equilibrium skill
rental prices are sufficient to capture the histories of aggregate shocks and the state space
distribution of the agents in the economy (the joint population distribution of schooling, sector-
occupation-specific work experience, children under six).?” Although in the solution algorithm
described below we treat the parameters of (10) as unrestricted, they are in fact themselves
functions of the underlying parameters of the model (©).%

In implementing the solution algorithm, we assume the economy begins in 1860 (t=1). We

observe the age distribution of the population at that time. Although we do not have data on the

" Note that, given this approximation, we are agnostic as to what individuals know about
future technological change, that is about aLland aLz, or about the values of other future
exogenous variables (for example, the rental price of capital, relative product prices etc.). Thereis
an additional approximation error. The environment is explicitly non-stationary, allowing for non-
constancy in the growth of population (and the related time-varying fertility process for the
number of children under (6)). Rational expectations would imply that the rental price processes
given by (10) are also time-varying.

% This representation of the rental price process reduces the state space of the agents
optimization problem to only the one- and two-period lagsin rental prices and the one-period lag

in aggregate shocks.
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state space of agents alive in 1860, nor on actual sectoral output and the rental price of capital
which are needed for the algorithm, for the purpose of describing the algorithm we assume that
we do.? It turns out that the solution of the model for the periods that the model isfit to actual
data (1968-2000) is not sensitive to the assumptions we make.®

The solution agorithm is an extension of the method developed in Lee (2000). Given
parameters for (1), (3), (4), (5), adiscount factor p, and observed sequences of output in each
sector and of the rental price of capital, the algorithm consists of the following steps:

1. Choose a set of parameters for the equilibrium rental price process (10) and for the
aggregate shock process (2a).

2. Solve the optimization problem for each cohort that exists from t=1 through t=T. The

% |n solving the model, as described above, we assign arbitrary values for the state space
to each person age 16 to 65 in 1860, zero work experience in each sector-occupation and 8 years
of schooling. We aso assume that the capital real rental price, cohort size, real output in the two
sectors and the fertility process between 1860 and 1900 are the same as in 1900. Output by sector
isavailable starting in 1947. We extrapolate sectoral output backwards from that point, assume
that the real rental price of capital is constant between 1900 and 1925 (its first available year) and

allow cohort size to change asit actualy did after 1900.

%0 We assume that the equilibrium skill rental price process (10) governs the choices made
by all individuals agel6 to 65 through the year 2050. This assumption is necessary in order to
solve the optimization problems for individuals age 16 to 65 as of the year 2000. Thus, we solve
the optimization problem for the 65 year old in 2050, 64 and 65 year oldsin 2049, etc. Between

1860 and 2000, the optimization problemis solved for the full age distribution of 16 to 65 year.
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maximization problem can be cast as a finite horizon dynamic programming problem. The value
function (6) can be written as the maximum over aternative-specific value functions, V;(Qa) ,l.e,

the expected discounted value of alternative |, that satisfy the Bellman equation, namely

V,(Q,) = max[VQ,)]
j

ViQ,) = UlQ) + pE(V(Q,, ,ldi=1,Q,) for a<6s, (11)
= U (Q,) for a=65.

The solution of the optimization problem is in general not analytic. In solving the model
numerically, the solution consists of the values of EV(Q,, ., | d)=1, Q) for al j and elements of
Q, 3 We refer to this function as Emax for convenience. As seenin (11), treating the Emax
functions as known scalars for each value of the state space transforms the dynamic optimization
problem into the more familiar static multinomial choice structure. The solution method proceeds

by backwards recursion beginning with the last decision period.*

¥ The gtate space at age aand time't for each individual consists of all current and past
values of the (six) skill rental prices and the sector-specific productivity shocks, education,
accumulated work experience in each sector-occupation, the number of children under the age of

6 and the previous period’s choice.

% To circumvent the “curse of dimensionality,” we adopt an approximation method in
which the Emax functions are expressed as a parametric function of the state variables using

methods developed in Keane and Wolpin (1994, 1997). In particular, the Emax functions are
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3. Guess an initia set of values for period one rental prices, say (ri)o, for j=1,..,6. Given
the age distribution at t=1 and the distribution of state variables for each cohort alive at that time
and between the ages of 16 and 65, smulate a sample of agents' chosen alternatives at t=1 by
drawing from the distribution of the idiosyncratic shocks to preferences and skills. Using (7),
calculate aggregate skill levels in each sector-occupation.

4. Given aggregate skill supplies, equate the marginal product of capital in each of the two
sectors to the rental price of capital, which is data. Using these two equations and the two
production functions (1) with actual output in the two sectors as the left-hand side quantity, solve
the four equations for the optimal capital input in each sector and for the two aggregate shocks,
say (z{')l . The marginal product of the aggregate skill quantities, evaluated at the levels calculated
in step 3 and at the capital stocks and aggregate shocks calculated in step 4 will in general differ
from the initial guesses.

5. Update the initial guesses for the skill rental pricesto be equal to the marginal products
of aggregate sKill, say to (r{)l. Repeat steps 3 and 4, using (ri)las the guessin step 3, until the
sequence of skill rental prices and aggregate shocks converge, say to (r{)* and (z{)* :

6. Guess an initial set of values for period two rental prices, say (r;)O: (ri)*, for j=1,..,6.

Repeat 3 and 4 for t = 2to obtain(r)) " and (z))".

calculated at a subset of the state points and their values are used to fit a linear-in-parameters
regression approximation in the state variables. Asin Keane and Wolpin, the multivariate
integrations necessary to calculate the expected value of the maximum of the aternative-specific
value functions at those state points are performed by Monte Carlo integration over the shocks. In

this case, the integrations are performed both over idiosyncratic shocks and aggregate shocks.
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7. Repeat step 6 for t = 3,.....,T.

8. Using the calculated series of equilibrium skill rental prices and aggregate shocks,
estimate (2), the VAR governing aggregate shocks, and (10), the process governing the
equilibrium skill rental prices.

9. Using these estimates, repeat 2-8 until the series of skill rental prices and aggregate
shocks converge.

Il. Estimation Method:

The solution of the model serves as input into the estimation procedure. Estimation is by
simulated minimum distance. Specifically, aweighted distance measure (squared deviations)
between sample aggregate statistics and their smulated analogs is minimized with respect to the
model’s parameters.® The weights are the inverses of the estimated variances of the sample
statistics. The procedure requires a choice of those statistics.

The data come from the severa sources used in the previous tables. The March Current
Population Surveys (CPS) over the period 1968-2001 and the National Longitudinal Surveys
1979 youth cohort (NLSY 79) over the period 1979-1993 provide information on life cycle
employment and schooling choices and on wages, various U.S. Censuses from 1910-1960 as well
as the CPS provide information on the age 16 (initial) schooling distributions over time and on the
preschool children process, and the Bureau of Economic Analysis provides data on sectoral

capital stocks and on output from 1947-2000.3* %

% |f al of the sample aggregate statistics were moments, the estimation would correspond
to simulated method of moments (SMM). We describe the weighting procedure in Appendix A.
% The aggregate capital stock is available from the same source starting in1929. The rental
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The simulated aggregate statistics are generated for any given set of parameters and the
derived series of equilibrium rental prices and aggregate shocks by smulating the behavior of
samples of 800 individuals per cohort starting from cohorts that turned age 16 in 1919, and thus
will be age 65 in 1968, and ending with cohorts that turned age 16 in 2000. Cross sectional
simulated statistics therefore contain 40,000 observations. Simulated statistics weight each cohort
by their representation in the population of 16 to 65 year olds.

The 33 years of CPS data span cohorts born as early as 1903 and as late as 1984 during
some period of their lifetimes between the ages of 16 and 65. Although the CPS can be used to
calculate the choice distributions for those cohorts and ages, being primarily a cross-sectional data

Set, it does not contain a history of employment choices that would enable the calculation of work

price of capital, to which the marginal product of capital in each sector is equated (see equation

(8)), iscaculated from BEA data as the ratio of real capital income to the capital stock.

% Combining CPS data on wages and BEA data on capital and output without adjustment
would lead to potential biases in the estimates of factor shares in GDP for two reasons. First,
national income (NI) and GDP differ by the level of business taxes. To accommodate this
difference, we deflate the previously defined “gross’skill rental price for each sector-occupation
by the ratio of NI to GDP. This adjustment assumes that labor and capital share equally in taxes.
Note that the marginal product of skill for each sector-occupation is still set equal to its “gross’
rental price, although individuals only receive the net rental price as disposable income. Second,
wages do not reflect total labor compensation. We augment CPS wages with BEA data on non-

wage benefitsin carrying out the estimation.
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experience.® The NLSY 79 is alongitudinal data set surveying cohorts born from 1957-1964
annually from 1979 to the present. We use the NLSY 79 data to calculate statistics that represent,
or are conditioned on, occupation- and sector-specific work experience.

In the model, sector-occupation-specific employment and schooling choices are mutually
exclusive. In the estimation of the model, the decision period is assumed to be annual. To
accommodate the fact that individuals do not necessarily engage in the same activity over an
entire calendar year, the choice variables are defined according to the following hierarchical rule:

1. Anindividual is assigned to the school attendance aternative if they reported that
schooling was their major activity during the survey week (CPS) or if they were attending school
as of May 1 of the calendar year (NLSY 79).

2. The work alternative is assigned to those not attending school who worked at least 39
weeks and at least 20 hours per week during the calendar year. When the individual is assigned to
the work category, their industry and occupation is that of the job held during the year (CPS) or
on the most recent job (NLSY 79). The (hourly) wage is based on the same job assignment.

3. Anindividual who is neither attending school nor at work is assigned to the home
category.

The sample aggregate statistics actually employed in estimation together with the data
source are as follows:

1. Career Decisions:

CPS Data:

a. The proportion of individuals choosing each of the eight alternatives by year (1968-

% We also use matched March CPS data in the estimation (see below).
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2000), age (16-65) and sex.

b. The proportion of individuals choosing each of the eight aternatives by year, sex and
schooling level (four categories: high school dropout, high school graduate, some college, college
graduate).

c. The proportion of individuals choosing each of the eight alternatives by year, sex, and
by whether a preschool child is present.

NLSY 79 Data:

a. The proportion of individuals choosing each of the eight alternatives by age (16-30),
sex and initial schooling level at age 16 (<=9, >9).%’

b. The proportion of individuals choosing each of the six work alternatives by experience
(0, 1, 2, 3, 4+), sector-occupation and sex.®

2. Wages.

CPS Data:

a. The mean, median, and 10" and 90" percentiles of the log hourly real wage by the six

sector-occupation categories, year and sex.*

b. The mean, median, and 10™ and 90™ percentiles of the log hourly real wage by highest

37 32 percent of the NLSY 97 respondents (weighted) have completed less than 10 years of
schooling at age 16.

% The sample is restricted to those respondents less than 18 years old in 1979, current age
at least 18 and who are working.

¥ We also allow for log-normally distributed measurement error in the reported hourly
wage rate.
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grade completed, year and sex.

c. The mean log hourly real wage by year, age and sex.

d. The mean one-year difference in the log hourly real wage by current and one-year
lagged sector-occupation and by sex.

e. The mean one-year difference in the log hourly real wage by age, current sector-
occupation and sex.
NLSY 79 Data:

a. The mean log hourly real wage by work experience (0, 1, 2, 3, 4+ years), sector-
occupation and sex.*

3. Schooling:
CPS Data:

a. Digtribution of highest grade completed by year, age and sex.

4. Caregr Trandgitions:

CPS Data:

a. One-period joint transitions between the eight aternatives by year (1968-2000) and

41

b. One-period joint occupation, school and home transitions by age and sex.

“0 By assumption youths have zero work experience at age 16. We also assumed that

youths who were age 17 or 18 in 1979 aso had zero years of work experience.

“t A number of years are missing because identifiers that match households between two

years are not available. The missing transitions are between 1971 and 1972, 1972 and 1973, 1976

and 1977, 1985 and 1986, and 1995 and 1996.
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c. One-period joint sectoral, school and home transitions by age and sex.
NLSY 79 Data:

a. Digtribution of years of work experience in each sector for individuals between the ages
29 to 31 and years 1990-1993.

b. Distribution of occupation-specific work experience for individuals between the ages 29
to 31 and years 1990-1993.

c. Distribution of the number of years of not working for individuals between the ages 29
to 31 and years 1990-1993, by sex.

5._Sector-specific capital : By year (1961-2000).

Estimation proceeds by iterating between (i) the solution of the equilibrium model a a
given set of parameter values, that is, solving for the equilibrium skill rental prices as described
above and simulating the model economy to obtain the model analogs of the sample aggregate
gtatistics, and (i) calculating the weighted distance measure.** Iterations proceed until the distance
measure is minimized.

V. Results:

Parameter Estimates:

The parameter estimates and their standard errors are shown in appendix table A.1.%* A

“2 The estimation of the model uses a simplex algorithm, developed by L ee and described

in Lee and Wiswall (2006), designed for parallel processing.

8 Heuristically, identification is achieved by a combination of functional form and
distributional assumptions, along with exclusion restrictions. In terms of the latter, production

function parameters are identified because current and past cohort sizes and rental prices of
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number of normalizations are necessary because skill is not observable, but must be inferred from
wages. As aresult, the constant terms in the skill production functions cannot be disentangled
from the level of skill rental prices (see (5)). The normalization we adopt is that the type-weighted
average of skill endowments (in each sector-occupation skill production function) for males with
initial schooling of less than 10 years is zero.” Thus, the levels of skill rental prices across
occupation-sectors cannot be compared, athough their changes over time are identified. For the
same reason, aggregate levels of sector-occupation-specific skill are not comparable, which
implies that the factor share parameters in the aggregate sector production functions (ocjlt : ath : x{')

are relative to these normalizations. The non-pecuniary benefit associated with white-collar

capital, assumed exogenous, are valid instruments for input levels. Identification of the wage offer
parameters follows from standard selection correction arguments, namely from distributional
assumptions and from the existence of variables that affect choices (variables in the utility function
such as numbers of children) that are not in the wage offer function. Identification of utility
function parameters follows from the existence of variables in the wage function that do not enter

the utility function, for example, sector-specific work experience.

“ We do not estimate the (subjective) discount factor, which, in prior partial equilibrium
structural estimation problems, has proven difficult to pin down. It isinstead fixed at .95, a5
percent discount rate, which is close to the implied interest rate given that the rental price of
capital relative to the price of capital is.15 in the data and given a 10 percent annual depreciation

rate.

> We estimate the model with five types, having found improvements in fit over four or

fewer types.
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employment in the goods sector is aso normalized to zero (for both males and females). Thus, the
non-pecuniary benefits of working in all other sector-occupations as well as the consumption
values of schooling and home are relative to this normalization.

We discuss those parameters that are related specifically to the demand and supply factors
discussed above.

1. Production function parameters:

Figures 13 and 14 provide evidence of the degree of factor augmenting and Hicks neutral
technological change in the two sectors. Asfigure 13 shows, there has been significant skill-biased
technological change in both sectors.*® The ratio of the marginal product of white-collar skill to
blue-collar skill (evaluated at the same levels of aggregate skill) aimost tripled between 1968 and
2000 in the goods sector and doubled in the service sector.*” The combination of product price
changes and Hicks-neutral technological change (figure 14) actually led to a decline in the real
value of goods sector output throughout the period and an increase in the real value of service
sector output until the late seventies and no further change thereafter. Figure 14 also shows,
however, that if factor-augmenting technological change was ruled out (ocjlt : ath : x{ were held at
their 1960 values), the real output of the goods and service sectors based on Solow residuals
(inclusive of product price changes) would have both increased.

The parameter estimates imply that the elasticity of substitution between capital and white-

collar skill (0.991 in the service sector and 1.13 in the goods sector) is less than that between the

“ This is consistent with the finding in Heckman, Lochner and Taber (1998), although

their formulation of sKkill classesis by education rather than occupation.
" This calculation requiresthat v = o.
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composite capital-white-collar skill and the pink- or blue-collar skill (1.35 in the service sector
and 1.21 in the goods sector) in both sectors.®® Although it generally has been found in the
literature, as here, that capital is more complementary to skilled labor than to unskilled labor,
actual estimates of the substitution elasticity among occupations are extremely varied
(Hamermesh, 1986).

2. Utility parameters:

The value of the home alternative is 23 percent higher for women than for men who have
no children under the age of six, but is 3 time higher in the presence of a child under the age of 6.
The value of home time increases for men between 1960 and 1980 and declines between 1980 and
2000. For women, the value of home time is decreasing throughout the period, at about the same
amount per year before and after 1980.

3. Skill production functions:

Within each sector, schooling generally increases white-collar skill the most in both
sectors. Composite work experience increases each sector-occupation specific skill at a
decreasing rate. The standard deviation of the skill shock isincreasing over time for each sector-
occupation, though at different rates.

Model Fit: Figures 1-12 consider the model’s ability to match the facts presented in tables
1-5. Corresponding to tablel, the first two figures show the fit of the model to the overall wage
distribution. The model captures the level and the relative constancy of the mean and median

wage up to 1980, the rise in the mean and median from 1981 to 1994, and their faster rise from

“ The standard errors of these elaticities are (based on the delta method) .008, .004, .006

and .003 respectively.
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1994 to 2000 (figure 1). The model also mimics the increase in wage dispersion as measured by
the log of percentile ratios (figure 2), but, as seen in figure 3, the model understates the overall
dispersion (noc-act vs. noc-pred) as measured by the standard deviation of the log wage as well as
itsincrease. However, as aso shown in figure 3, the fit to the resdual dispersion based on the log
wage regression (2) intable 2 (c-act vs. c-pred), although still understating the level, actually
dightly overstates the increase. Thus, the model does capture both the increase in overall and
residual wage inequality reasonably well.

Asfigure 4 shows, the model also captures the level and pattern of wages across schooling
groups (see table 3). The model fits the dight U-shape for high school graduates, except for
overstating the increase after 1994 a bit. The fit is dightly less good for college graduates,
understating, in particular, the decline up to 1980. The overall increase in employment rates for
both schooling groupsiis, as seenin figure 5, also captured well, athough it is afew percentage
points too high for high school graduates up to 1980. Figure 6 shows the fit of the ratio of
college graduates to high school graduates. The model does well in capturing the overall increase,
but not the more rapid increase since 1994.

Figure 7 graphs the actual and predicted college graduate to high school graduate wage
ratio (the college wage premium) and their relative employment (the ratio of employed college
graduates to employed high school graduates). The model does not capture the decline in the
premium up to 1980 (table 3). The ensuing increase is captured quite well, except that the
flattening out that occurred after 1994 is predicted to be at too low alevel. The increase in the
relative employment ratio, as seen in the right-hand side of figure 7, which, as noted is driven by

the increase in the number of college graduates relative to high school graduates is predicted well
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by the model.

Differences between actual and predicted median wages of males and of females are small,
as seen in figure 8, being only about 1 percent on average. Similarly, the model closely parallels
the changes in employment rates for males and females, capturing the u-shape for the former and
the steady rise for the latter (figure 9). As seen infigure 10, the actual and predicted median wage
of females relative to malesis closely matched, although the model predicts a dight increase in the
ratio between 1968 and 1980, when it was instead essentially constant. The overall risein the
female-male employment ratio is matched well, except that the model overstates the attenuation in
the increase that occurred starting in the mid 1980's. Finaly, as seen in figures 11 and 12, the
model also mimics the sector-specific changes in median wages, the declining service-sector share
of capital before 1980 and increase thereafter, and the steady rise in the service sector share of
employment over the entire 1968-200 period.

V. Discussion:

Accounting for Wage and Employment Changes:

To quantitatively assess the relative importance of demand and supply factorsin
accounting for wage and employment changes over the 1968-2000 period, we perform the
following thought experiment. Suppose the world had stopped changing after 1960 in terms of
demand and supply factors - that is, there was no further Hicks-neutral or skill-biased
technological change, no further changesin fertility rates, in the value of leisure, in the rental price

of capital or in the variance in skill shocks.*® Compared to that world (the 1960 base), how would

“9 Because the fertility rate was higher in 1960 than subsequently, the population growth

rate is faster in the 1960 baseline economy than in actuality.
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the U.S. labor market have evolved under alternative scenarios in which some of these factors
changed as they did in actuality and others did not change, and how would those new worlds
differ from what actually happened (as predicted by our model).

We consider eight counterfactual scenarios relative to the 1960 base: (1) cohort sizes and
the fertility transition process change; (2) the value of leisure changes; (3) both (1) and (2); (4) the
variance in sector-occupation skill shocks change; (5) the rental price of capital changes; (6) there
is both Hicks-neutral (coupled with product price) change and skill-biased technological change;
(7) thereis only Hicks-neutral technological change (output in the two sectors are set at the levels
in (6)); (8) thereis only skill-biased technological change (output follows a balanced growth path
and GDP in each year is set at the levelsasin (6)). Tables 6-11 shows the results of these
counterfactual experiments for equilibrium outcomes over the 1968-2000 period related to the
previously documented changes in wage inequality, the college premium, female-to-male relative
wages and employment and service-to-goods sector relative employment.>

Thefirst column, the 1960 base, serves as the norm for the counterfactual experiments.
For most of the outcomes, fixing fundamentals (technology, preferences, etc.) at their1960 values
yields something close to stationarity - thus, dividing the simulated outcome in each period by the

1968-1974 outcome would give a value of 1.0 in each period, asin the tables.> All of the

% All counterfactual experiments and the 1960 base resolve for the equilibrium skill rental

price process.

* The lack of stationarity arises for the following reason. In the 1960 base, the simulated
state variables differ for each cohort in 1960 because the model is non-stationary. As we simulate

forward one year, the 65 year olds are replaced with the 64 year olds (and a cohort of 16 year
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counterfactual experiments as well as the baseline simulation of the economy at the estimated
parameters (column 2) are normalized to 1.0 in the 1968-1974 period. Thus, al comparisons are
with respect to percentage changes since the 1968-1974 period.

Wage Inequality

Table 6 considers the determinants of the changes in overall wage inequality as measured
by the log of the ratio of the 90" to the 10™ percentile of the hourly wage. As seen in the basdline,
between the 1968-1974 and 1994-2000 periods, this measure of inequality grew by 18 percent
relative to the 1960 base.*® The first three counterfactual experiments, changes in supply factors,
that is, incohort size, infertility (that is, in the number of young children in the household) and in
the value of home time, indicate that those changes by themselves (counterfactual (3)) would have
ledto a7 percent reduction in wage inequality. The fourth counterfactual (4), that allows for

increases in the variance in sector-occupation skill shocks, would account for 15 of the 18 percent

olds, with the same state variable distribution as the 16 year olds in 1960, is added). The 64 year
olds have a different state variable distribution, for example, of schooling and work experience,
than did the 65 year olds and so the population distribution of state variables that governs the
equilibrium changes. Stationarity would be achieved after 50 years. Because we divide al of the
within-period outcomes of the baseline and the counterfactuals by the values obtained for the
1960 base for the same period, we set column 1 equal to 1.0 in all periods. Thus, the baseline and
counterfactuals are net of 1960 base changes over time that arise because of the lack of
stationarity.

*2 The actual growth was 14 percent, which is lower than the figure in the table because of

the non-stationarity in the 1960 base.
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increase if that were the only change, while the sixth counterfactual (6), which alows for both
Hicks-neutral and skill-biased technological change, would have accounted for 14 of the 18
percent increase.> Of the two, (7) and (8) imply that it is skill-biased technological change that
was most important in generating rising wage inequality. Changes in the capital rental price, as
seen in counterfactual (5), had no effect on inequality.

Although, according to our estimates, technological change and increasing skill variance
would each have been sufficient to cause amost the entire increase in overall inequality,
technological change played a much smaller role in the increase in residual wage inequality. As
seen in table 7, the entire 35 percent increase in residual inequality can be accounted for solely by
increasing skill variance. Changes in technology, on the other hand, can account for only 5 of the
35 percent increase (experiment (6)).

The College Wage Premium and the Number of College Graduates

As seenin table 8, the growth in the college premium seems to have been solely a
technology driven outcome. Neither supply side factors, increasing skill variance, nor changesin
the capital rental price can account for any significant portion of the 28 percent increase that
would have occurred if the world had been unchanged after 1960. Moreover, as seenin
comparing experiments (7) and (8), skill-biased technological change was considerably more
important than Hicks neutral change.

Table 9 reveas that changes in the educational attainment of the workforce, as measured
by the ratio of the number of employed college graduates to the number of employed high school

graduates, was also mostly a demand-driven phenomenon. Of the 233 percent increase that would

%3 Clearly, these effects are not additive, as will be evident in later tables as well.
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have occurred, supply-side factors would have caused only an 8 percent increase. Technological
innovation, on the other hand, by itself, would have accounted for a change of 149 percent, with
both skill-biased technological change and Hicks-neutral change of similar consequence.

Female-Male Wages and Employment

Asrevealed in tables 10 and 11, a number of factors played arole in the increased relative
wages and employment of women. Changes in the value of home time, by itself, would have
accounted for 12 of the 24 percent increase in the female-to-male wage ratio and 24 of the 84
percent increase in the female-to-male employment ratio. All of the supply side factors taken
together (experiment (3)) would have caused a 17 percent increase in relative wages and an 81
percent increase in relative employment. Dynamics are important here. The fall in women’s value
of leisure that was estimated in the model to have occurred induces women to invest more heavily
in market skills, given that they anticipate spending a larger proportion of their lifetime in the
labor market. Thus, they obtain more schooling and more work experience, both of which raise
their wage absolutely and relative to men. Thus, unlike in a static model, an increase in the supply
of women to the workforce can raise the relative wage of women. However, given that male and
female skill within sector-occupations are perfect substitutes, male wages actually would have
fallen because of the overall increase in labor supply.

Increases in sector-occupation skill shock variances and technological innovation would
have each, by themselves, accounted for a significant part of the increase in relative wages, 14 and
13 percent of the 24 percent increase, respectively. They aso would have played similar rolesin
accounting for the increased relative employment of women, respectively 25 and 24 percent of the

84 percent increase. Hicks-neutral and skill-biased technological change were about equally
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significant in accounting for these gender differences.

There are only two ways in which the female-male wage gap can change, given the model.
One way isthrough differential changes in skill accumulation and the other is through selection
into employment, and more specifically, into particular sector-occupations.
One can disentangle the two by looking at wage offers rather than accepted wages. A summary
statistic for wage offersis the maximum offer over the six-sector-occupations. It turns out that the
female-male (maximum) offered wage ratio, as estimated by the model, was .52 in the 1968-1974
period and rose to .65 in the 1995-2000 period, amost identical to the increase in accepted wages
(see table 4).>* Note, however, that because of work-occupation-sector selection, the gender gap
islarger in offered wages than in accepted wages.

Service-Goods Sector Employment

Sectoral differences in Hicks-neutral technological change was the predominant factor in
the relative growth in service sector employment, as seen in table 12 (experiment (7)), accounting
for 73 of the 77 percent increase in the ratio of service-to-goods sector employment. Coupled
with skill-biased technological change in the two sectors (experiment (8)), such change would
account for (more than) the entire increase (experiment (6)). However, changes in the value of
home time, which as seen would have induced women to enter the labor force, by itself, would
also account for some of the sectoral employment change, 16 of the 77 percent increase.

V1. Conclusions:

* Thisfinding is contrary to that of Mulligan and Rubinstein (2005) who argue from a
standard static selection model that the closing of the gender wage gap isin no small part due to

the changing composition of female workers.



The U.S. labor market looks very different today than it did 30 years ago. In this paper,
we have shown that a competitive equilibrium model of the labor market can provide a coherent
explanation for the major labor market changes that occurred over that period. Based on
estimates of the model structure, we performed simulations that compared today’s world to what
the world would have looked like if no fundamentals (technology, preferences and exogenous
forcing variables) had changed since 1960. Based on this comparison, we quantitatively assessed
the relative importance of demand and supply factors responsible for the differences that emerged.

The two-sector (services and goods) model that we postulated allowed for both sector-
specific Hicks- neutral and skill-biased technological change. Our results demonstrated that they
played different roles. Hicks-neutral technological change was especially important in accounting
for the growth in service sector employment and skill-biased technological change was especially
important in accounting for the increase in the college wage premium and the overall increase in
wage inequality. However, the two played more equal roles in accounting for other phenomena,
namely the increasingly more educated workforce, the narrowing of the gender wage gap and the
increased feminization of the workforce. Supply side considerations, namely changes in fertility
and in the value attached to home time, were of major significance in accounting for female-male
wage and employment changes, were of less, but not negligible, importance in explaining the
relative growth in service sector employment, but did not seem to be important in accounting for
other changes. The labor market would have looked quite different than it does today, but in

different ways, if either demand or supply-side factors had changed in isolation.
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Appendix A

We provide details of the weighting procedure. The statistics we match with their
theoretical counterparts for the purpose of estimation are aggregates of individual decisions and
outcomes. For ease of presentation, consider the following set: (1) the proportion of men who
work at each age from 16-65 at calendar timet; (2) the same as (1) for women; (3) the mean
wage corresponding to the samplein (1); (4) the mean wage corresponding to the samplein (2).
There are 200 such sample aggregate statistics that are matched, one for each of 50 ages in each
of the four categories. We denote by k=1,..., 50 the kth such statistic within the jth category, | =
1,..,4. Further, denote by Ny the number of individuals that comprise the kth statistic in the jth
category and by n (=50 for al j) the number of statisticsin the jth category. The individual
observations comprising each k-jth sample statistic differ. For example, although the observations
in the kth statistic of | = 1 contain those in the corresponding kth statistic of j=2, they are not
identical because not all men work. And, the observationsin the kth statistic of j=1 and 3 (or 2
and 4) have no overlap because they are sex-specific.

Now, define the deviation of k-jth sample aggregate statistic (ﬁkj ) from the true aggregate
statistic (which dependson 60) as

(A.1) mkj(e) = ﬁkj_ ij(e)

and m(0) as the vector of the 200 values of My, (0), where 8 isthe parameter vector to be

estimated. The objective function for estimating6 is
(A.2) min m(0)'W m(o),
0

where W is aweighting matrix. Note that at the true parameter values, the sample statistics differ
from the analogous population values only because of sampling error.
To make the computation feasible, given that we must solve the equilibrium model at

every iteration of the estimation procedure, we make two assumptions in forming the weighting



matrix (W):
(1) W isdiagonal,
G.

(2 E[(m)?] = —- for dl k.

Ny

The first assumption, that the off-diagonal elements of W are zero, implies, for example,
that repeated samples of the same size would not lead to a correlation between the proportion of
men who work and the proportion of women who work at any k and k. While such an
assumption might not be violated for observations on unmarried men and women, it is less likely
to be true for married couples. Of course, our model implicitly treats all people asif they were
unmarried.

The second assumption is that the sampling variance of the aggregate statistics converges
to zero at rate N Y2 and that the sampling variance is the same for al of the aggregate sample
statistics within a particular category (across ages in the example). This latter assumption is not
true. For example, for given sample size, the sampling variance for the proportion working varies
with the true probability of working, which varies by age. Although correct weights could be
calculated, very low probability events, such as attending school at age 30, would receive very
high weights. To avoid that, the weights we use are weighted averages of the sampling variances
over al of the sample statistics within a category.

We use atwo-step procedure for calculating the diagonal elements of W.

1. Set 6. = land weight each sample aggregate statistic by N, ;- Estimate 0.
2. Update o according to

|~

(A.3) o =

TNy O,

]

where fis the first-stage estimate of 6. Weight each of the k statistics in category j by N—';' . In
the implementation, these aggregate statistics consist of sample means and variances, %\r?iple
proportions and sample quantiles. Notice that other than the sample sizes upon which the
aggregate statistics are based, the weighting matrix is estimated as if we did not have access to

micro-data. Our two-step procedure avoids having to calculate sampling variances from the



micro-data.
The variance-covariance matrix of the parameter estimates is given by (G'WG) *where G

is the matrix of derivatives of the population statistics with respect to the parameters.



Table1?
The Distribution of (Accepted) Hourly Wages: 1968-2000°

. 10" 25" 50" 75" oo™ Mean
Period”  percentile  Percentile  Percentile  Percentile  Percentile

1968-74 4.10 5.72 8.40 11.65 15.88 9.60
1975-79 4.06 5.61 8.22 11.96 16.06 9.76
1980-84 3.98 5.57 8.21 12.17 16.61 9.99
1985-89 4.03 5.75 8.68 13.05 18.13 10.72
1990-94 4.02 5.75 8.89 13.40 19.04 11.17
1995-00 4.24 6.22 9.44 14.42 21.10 12.14

a. Real (1983) hourly wage rate.
b. Average of annual figures over the period.



Table 2
Residual Log Wage Dispersion (RMSE): 1968-2000

No «y (2 ©) (4 ®) (6) (7 8

Period Regressors

1968-1974 542 417 406 402 344 .386 450 .388 406
1975-1979 556 439 429 427 .367 407 466 411 428
1980-1984 575 463 451 446 .398 434 481 437 446
1985-1989 .606 493 478 458 431 452 .509 466 AT77
1990-1994 .626 513 495 490 461 457 530 480 487
1995-2000 .642 527 .509 .500 471 472 540 497 495

(1) Regressors: schooling, age, age square, gender.
(2) Regressors: schooling, age, age square, gender, occupation-sector dummies.
(3) — (8) Within each occupation-sector - regressors. schooling, age, age square, gender.



Table 3
Wages and Employment for College Graduates and for High School Graduates: 1968-2000

Median Wage® Employment Rate
() (2 1/(2) (1) (2 1/(2 (D/(2) x (HCG | #HS)*

College  High Sch. College High Sch.

Period” Graduate Graduate Graduate Graduate
1968-1974 12.01 7.92 1.52 .700 .582 1.20 40
1975-1979 11.30 7.64 1.48 .718 .585 1.23 51
1980-1984 11.48 7.38 1.56 744 591 1.26 .59
1985-1989 12.62 7.55 1.67 A72 .637 121 .66
1990-1994 13.17 7.49 1.76 A73 .630 123 73
1995-2000 14.04 7.89 1.78 .788 .657 1.20 84

a. Real (1983) hourly wage rate.
b. Average if annual figures over the period.
c. #CG = number of college graduates, #HS = number of high school graduates.



Wages and Employment by Gender: 1968-2000

Table4

Period®

1968-1974

1975-1979

1980-1984

1985-1989

1990-1994

1995-2000

(1)

Males

10.02

10.23

10.31

10.67

10.47

10.93

Median Wage®
2

Females
5.86
6.11
6.37
6.99

1.47

8.01

(2)/(1)

.585

597

.618

.655

714

733

)

Males

721

.689

.668

.699

.695

128

Employment Rate

@)

Females

.366

.399

449

507

540

578

(2)/(1)

.508

578

673

125

A7

7194

(Q)I(1) X (#F | #M)°

545

.613

711

.758

.803

.820

a. Real (1983) hourly wage rate.
b. Average if annual figures over the period.
c. #F =females, #M = males.



Table5

Sectoral Differences in the Average Annual Percentage Change
in Output, Capital, Employment and Hourly Wages

Service - Goods Growth Rate 1968-2000 1968-1980  1981-2000
Output (value in constant dollars)® 2.01 1.26 2.51
Capital 0.65 -0.67 151
Employment 2.23 2.45 2.09

a. Sector-specific nominal outputs divided by the gdp deflator.



Table6
Accounting for the Increase in Wage Inequality: Log 90/10

1960 Base

Period Base Line Q) @) 3) (4) (5) (6) @) (8)
1968-1974 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1975-1979 1.00 0.99 1.00 1.01 1.02 1.03 1.00 1.01 1.01 1.01
1980-1984 1.00 1.06 1.00 1.01 1.01 1.06 1.00 1.03 1.01 1.03
1985-1989 1.00 1.10 0.99 1.00 0.98 1.08 0.99 1.08 1.03 1.07
1990-1994 1.00 1.14 0.99 0.98 0.96 1.12 0.98 1.11 1.03 1.10
1995-2000 1.00 1.18 0.98 0.95 0.93 1.15 0.98 1.14 1.05 1.14

(1) Actua changein cohort sizes and fertility process.

(2) Actua changein value of leisure.

3 D+ .

(4) Actua changein standard deviation of skill shock.

(5) Actua changein therental price of capital.

(6) Actua Hicks-neutral and skill-biased technological change.
(7) Only Hicks-neutral technological change.

(8) Only skill-biased technological change.



Table7

Accounting for the Increase in Wage Inequality: RMSE Log Wage Residual

1960 Base

Period Base Line Q) @) 3) (4) (5) (6) @) (8)
1968-1974 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1975-1979 1.00 1.08 1.00 1.01 1.01 1.08 1.00 1.00 1.00 1.00
1980-1984 1.00 1.14 1.00 1.01 1.01 1.15 1.00 1.00 1.00 1.01
1985-1989 1.00 1.20 1.00 1.02 1.02 1.22 0.98 1.01 1.01 1.01
1990-1994 1.00 1.27 1.00 1.03 1.03 1.29 0.98 1.02 1.01 1.01
1995-2000 1.00 1.35 1.00 1.03 1.03 1.36 0.98 1.05 1.02 1.04

(1) Actua changein cohort sizes and fertility process.
(2) Actua changein value of leisure.

(3 D)+ ().

(4) Actua changein standard deviation of skill shock.

(5) Actua changein therental price of capital.

(6) Actua Hicks-neutral and skill-biased technological change.
(7) Only Hicks-neutral technological change.

(8) Only skill-biased technological change.



Table8
Accounting for the Increase in the College Premium

1960 Base

Period Base Line Q) @) 3) (4) (5) (6) @) (8)
1968-1974 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1975-1979 1.00 0.99 1.00 1.02 1.01 0.97 1.01 1.01 0.98 1.01
1980-1984 1.00 1.06 0.99 1.02 1.00 0.96 1.02 1.08 1.02 1.07
1985-1989 1.00 1.13 0.96 1.04 1.00 0.96 1.01 1.20 1.07 1.17
1990-1994 1.00 1.23 0.95 1.02 0.97 1.00 1.00 1.33 1.13 1.29
1995-2000 1.00 1.28 0.95 0.96 0.93 1.01 0.99 1.45 1.21 1.41

(1) Actua changein cohort sizes and fertility process.

(2) Actua changein value of leisure.

3 D+ .

(4) Actua changein standard deviation of skill shock.

(5) Actua changein therental price of capital.

(6) Actua Hicks-neutral and skill-biased technological change.
(7) Only Hicks-neutral technological change.

(8) Only skill-biased technological change.



Table9
Accounting for the Increase in the College/HS Employment Ratio

1960 Base

Period Base Line Q) @) 3) (4) (5) (6) @) (8)
1968-1974 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1975-1979 1.00 1.39 1.00 0.97 0.97 1.07 1.03 1.24 1.16 1.26
1980-1984 1.00 1.76 1.00 0.95 0.96 1.14 1.04 1.49 1.31 1.51
1985-1989 1.00 2.22 1.04 0.01 0.98 1.25 1.02 1.84 1.54 1.81
1990-1994 1.00 2.68 1.09 0.85 1.00 1.35 1.01 2.13 1.76 2.05
1995-2000 1.00 3.33 1.17 0.83 1.08 1.51 0.97 2.49 2.02 2.32

(1) Actua changein cohort sizes and fertility process.

(2) Actua changein value of leisure.

3 D+ .

(4) Actua changein standard deviation of skill shock.

(5) Actua changein therental price of capital.

(6) Actua Hicks-neutral and skill-biased technological change.
(7) Only Hicks-neutral technological change.

(8) Only skill-biased technological change.



Table 10
Accounting for the Increase in the Female/Mal e Wage Ratio

1960 Base

Period Base Line Q) @) 3) (4) (5) (6) @) (8)
1968-1974 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1975-1979 1.00 1.03 1.00 1.01 1.01 1.02 1.01 1.01 0.99 1.01
1980-1984 1.00 1.07 1.01 1.03 1.04 1.05 1.03 1.03 1.00 1.02
1985-1989 1.00 1.13 1.02 1.07 1.09 1.08 1.02 1.07 1.01 1.03
1990-1994 1.00 1.20 1.02 1.10 1.13 1.11 1.02 1.11 1.04 1.06
1995-2000 1.00 1.24 1.04 1.12 1.17 1.14 0.99 1.13 1.07 1.08

(1) Actua changein cohort sizes and fertility process.

(2) Actua changein value of leisure.

3 D+ .

(4) Actua changein standard deviation of skill shock.

(5) Actua changein therental price of capital.

(6) Actua Hicks-neutral and skill-biased technological change.
(7) Only Hicks-neutral technological change.

(8) Only skill-biased technological change.



Table11
Accounting for the Increase in the Female/Male Employment Ratio

1960 Base

Period Base Line Q) @) 3) (4) (5) (6) @) (8)
1968-1974 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1975-1979 1.00 1.26 1.10 1.18 1.31 1.04 1.06 1.01 0.99 1.02
1980-1984 1.00 1.50 1.19 1.31 1.59 1.07 1.09 1.03 1.00 1.03
1985-1989 1.00 1.62 1.24 1.30 1.66 1.12 1.02 1.11 1.08 1.10
1990-1994 1.00 1.74 1.34 1.27 1.74 1.17 0.99 1.14 1.11 1.12
1995-2000 1.00 1.84 1.42 1.24 1.81 1.25 0.93 1.24 1.21 1.23

(1) Actua changein cohort sizes and fertility process.

(2) Actua changein value of leisure.

3 D+ .

(4) Actua changein standard deviation of skill shock.

(5) Actua changein therental price of capital.

(6) Actua Hicks-neutral and skill-biased technological change.
(7) Only Hicks-neutral technological change.

(8) Only skill-biased technological change.



Table 12

Accounting for the Increase in the Service/ Goods Employment Ratio

1960 Base

Period Base Line Q) @) 3) (4) (5) (6) @) (8)
1968-1974 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1975-1979 1.00 1.10 1.02 1.10 1.14 0.90 1.17 1.00 0.90 1.05
1980-1984 1.00 1.23 1.03 1.19 1.26 0.81 1.29 1.05 0.90 1.08
1985-1989 1.00 1.42 1.04 1.20 1.29 0.74 1.13 1.30 1.10 1.05
1990-1994 1.00 1.64 1.06 1.18 1.30 0.69 1.04 1.66 1.35 1.08
1995-2000 1.00 1.77 1.08 1.16 1.32 0.66 0.85 2.30 1.73 1.10

(1) Actua changein cohort sizes and fertility process.
(2) Actua changein value of leisure.

(3 D)+ ().

(4) Actua changein standard deviation of skill shock.

(5) Actua changein therental price of capital.

(6) Actua Hicks-neutral and skill-biased technological change.
(7) Only Hicks-neutral technological change.

(8) Only skill-biased technological change.



Table A1

Parameter Estimates
(asymptotic standard errors in parentheses)

Production function (1)

Services Goods
s 0.2614 (.0035) 0.1733 (.0021)
n -0.0094 (.0077) 0.1184 (.0032)
a, 0.3091 (.0054) 0.0824 (.0025)
a, 0.0006 (.0002) -0.0011 (.0003)
a, -0.0024 (.0003) 0.0018 (.0005)
a,, 0.3443 (.0050) 0.5486 (.0115)
a,, -0.0017 (.0002) -0.0033 (.0003)
a,, -0.0027 (.0003) -0.0098 (.0005)
a,, 0.2535 (.0053) 0.2807 (.0068)
a, 0.0022 (.0002) 0.0034 (.0003)
a., 0.0048 (.0003) 0.0074 (.0005)
O3t = ( 1-oy- U~2t) M
Production Shocks (2)
Services Goods
fo -0.0064 -0.0185
fo -0.6877 -0.1573
fr 0.9243 0.2607
Sac 0.0007
S er 0.0004
S 0.0005




Table A1

Parameter Estimates (continued)

Utility Parameters (3)

9n
92
Q701
9702
Q703
Q704
Q7o

9
9,
9;
g,
9s
96
Oes
Oe4
Oes
Oss
Oe7

1980

2000

4,761 (130)
10,230 (166)

0.66

0.79 (.020)

1.82 (.021)

1.74 (.019)

0.83(.021)
male

0
-338 (54)
669 (40)

247 (43)

153 (41)

422 (41)
-2,959 (247)
436 (23)
2,351 (181)
8,231 (254)
517.9 (9.8)
-242.9 (14.7)
8,556 (220)
29,585 (715)
33,139 (900)
11,878 (210)
17,611 (220)
0.50 (.032)
1.16 (.034)
0.69 (.042)

Oa1
Qg2
G501
Os02
Os03
G504

Os0s
femae
0

73 (44)

535 (35)
287 (37)
146 (33)
173 (36)
10,368 (175)
252 (22)
1,296 (99)
3,526 (192)
-17.2(8.7)
-16.6 (11.0)
7,087 (171)
23,204 (516)
24,594 (612)
11,709 (212)
10,353 (120)
0.71 (.026)
0.99 (.022)
1.35 (.044)

11,229 (218)
13,810 (136)
0.56
1.25 (.009)
0.96 (.015)
1.50 (.011)
0.81 (.011)




Table A1

Parameter Estimates (continued)

Budget Constraint (4)

b,
b,
b,
dj:
male
To choice
j
femade
Restrictions:

1. Cost of changing both sector and occupation is the sum of changing sectors with the same occupation
and changing occupation within the sector.

14,494 (170)
12,194 (224)
4,087 (328)

From choice k

1

0
9,484
(357)
1,541

(68)

12,123

(246)

18,253
13,177

0
3,784
(158)

521

(29)
5,859
(136)

9,423

6,062

2
11,561
(472)
0
2,190
(100)
24,383
12,123
14,184
6,643
(297)
0
1,308
(60)
9,530
5,859

6,784

3
3,943
(134)

15,924
(580)

0

17,305

31,475

12,123
1,204

(55)
21,804
(1013)

0
6,627
11,146

5,859

4
607
(24)

10,091
2,148

0
6,130
(229)
1,053
(49)
466
(21)

4,250
988

0
3,564
(148)
203
(10)

5
12,168
607
2,797
12,259
(387)
0
2,061
(90)
7,110
466
1,774
3,671
(122)
0

925
(37)

6
4,551
16,531
607
5,181
(206)
19,351
(717)
0
1,670
22,360
466
768
(34)
5,287
(162)

0

25,673 16,094

(446)

12,498
(287)

2. Cost of moving from home or school to employment is independent of sector and occupation.

(297)

6,528
(155)



TableA.1
Parameter Estimates (continued)

Skill Production Functions (5)

j

1
-0.587
(.010)

-0.137
-0.192
(.014)
0.600
(.012)
-0.030
(.018)
0.110
(.011)
0.041
(.0005)
-0.030
(.012)
0.128
(.008)

0.0698
(.0017)

0

0
0.0117
(.0003)

0

0
0.446
(.013)
0.023

(.0007)
0.231
(.008)
0.637
(.010)

2
-0.337
(.009)

-0.960
-0.265
(.042)
0.497
(.022)
0.674
(.016)
0.710
(.016)
0.025
(.0006)
-0.254
(.016)
0.034
(.010)

0.0392
(.0015)
0.0227
(.0007)

0
0.0043
0.0047

0
0.567
(.024)
0.016

(.0006)
0.171
(.006)
0.386
(.010)

3
-0.403
(.006)

-0.127
0.163
(.005)
0.134
(.012)

-0.224
(.014)
-0.047
(.012)
0.027
(.0007)
-0.107
(.008)
-0.288
(.022)

0.0209
(.0007)
0.0121
(.0004)
0.0289
(.0007)

0.0013
0.0003

0.0081
0.465
(.013)
0.022

(.0006)
0.213
(.006)
0.560
(.010)

4
-0.332
(.006)

-0.375
-0.060
(.011)
0.242
(.009)
0.246
(.009)
0.136
(.009)
0.070
(.0010)
-0.810
(.024)
0.043
(.007)

0.0137
(.0004)

0

0
0.0779
(.0016)

0

0
0.461
(.013)
0.019

(.0005)
0.138
(.005)
0.549
(.009)

5
-0.271
(.005)

-0.090
-0.003
(.006)
0.050
(.013)
-0.007
(.012)
0.108
(.007)
0.022
(.0006)
-0.003
(.009)
0.161
(.009)

0.0077
0.0045

0
0.0287
(.0008)
0.0310
(.0007)

0
0.490
(.015)
0.019

(.0006)
0.169
(.005)
0.467
(.009)

6
-0.418
(.006)

0.014
-0.070
(.007)
0.114
(.010)
0.030
(.012)
-0.005
(.012)
0.044
(.0007)
-0.019
(.009)
0.115
(.008)

0.0041
0.0024

0.0057
0.0088
(.0004)
0.0019
(.0001)
0.0540
(.0012)
0.486
(.015)
0.016
(.0006)
0.270
(.007)
0.584
(.010)

P, (E<=9) p,(E>9)

0.206
0.338
(.0071)
0.141
(.0050)
0.188
(.0046)
0.126
(.0058)

0.197
0.322
(.0074)
0.134
(.0051)
0.167
(.0055)
0.181
(.0051)




Retirement process (6)

Weo Wso Wey Wi
male 0.163 (.007) 0.867 (.005)  0.110(.004)  0.105(.004)
female 0.921 (.003) 0.954(.002)  0.193(.007)  0.279(.009)



Fig. 1: Actual and Predicted Wage Distribution Statistics
1968-2000

15

A - A
w- ————— T
I I 4 i T
1870 1980 : 1880 2000
year
—s—— po0 - act —— p90 - pred
— 4 'p50-act ——— p50 - pred
—s— pi10-act —— pi0-prad
PR — —

mean - pred mean - pred

Fig. 2: Actual and Predicted Spread of the Wage Distribution
1968-2000

N-M

W

w
; ] - T T T
1870 2 1880 : 1800 iy 2000
gt 1 e Sy o | SR : 5,
——— |og(p95/p05)-act log(p95/p05)-pred

——— |og(p80/p10})-act
——+— log(p75/p25)-act

log(p80/p10)-pred
log{p75/p25)-pred




Fig. 3: SD Log Wage
1968-2000
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Fig. 4: Actual and Predicted Median Wages by Schooling
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Fig. 5: Actual and Predicted Employment Rate by Schooling
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Fig. 6: Actual and Predicted College/HS Ratio
1968-2000
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Fig. 7: Actual and Predicted College/HS (Median) Wage and Employment Ratio
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Fig. 8: Actual and Predicted Median Wages by Sex
1968-2000
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Fig. 9: Actual and Predicted Employment Rate by Sex
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Fig. 10: Actual and Predicted Male-Female (Median) Wage and Employment Ratio
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Fig. 11: Act. and Pred. Goods and Service Sector Wage and Employment Rate
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Fig. 12: Act. and Pred. Service/Goods Sector Capital Stock and Employment Ratio
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Fig. 13: Factor-Augmenting Technological Change By Sector

-1968-2000
White-Collar Pink-Collar

! 0
- <
= ] Atk b b bbb b
o~ ™
= L7
(=] =1

T T T T L] T T T

1970 1980 1990 2000 1970 1980 1990 2000
year year
| ——— goods —— service | ——— goods —— service
Blue-Collar Capital

T, 0
< <
! ™
o~ &N
e = 1+t $-3-9-3-2-4-8-4-3-0-3-4-3-2-2-0-4-4- 4044
= =

T | I a 1 T T L ]

1970 1980 1990 2000 1970 1980 1990 2000
year ; year
——— goods —+— service —— goods —— service

Fig. 14: Hicks-Neutral Tech. Change in Real Output by Sector
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