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L. INTRODUCTION

Wage inequality among both man and women increased substantially in the Unitad Slates
during the 1980s. Changss in the wage structure along three primary dimensions played an
important role in rising inequality. First, there was an increase in wage differentials by education
with a particularly sharp rise in the relative earnings of collega graduates, Second, the average
wages of older workers increased relative o the wages of younger workers for those with
relatively fow levels of education. The combination of these two changes generated an incre;ise
in the weekly wages of young male college graduates by approximatety 30 percent relative to
young males wilh tweive or fewer years of schooling from 1979 ta 1987. Third, earnings inequality
also increased greally within narowly defined demographic and skill groups. Although the male
and female wage struclures widened considerably, differences in eamings between men and
women narrowed throughout the 1980s. The average wage of women increased by about 8
percent relative 1o the average wage of men from 1973 to 1987.

Afthough the pattern of movemants in the U.S, wage struciure in the 1980s I well-
documanted,! much disagreement remains conceming the fundamental causes of the changas.
Several explanations have recaived much atterttion. One class of explanations postutates that
changes in the U.S. wage structure during the 1980s are driven primarily by shifts in the relative
demand for labor tavoring more-educated and *more-skilled” workers over less-sducated and
'le_ss-skillad' workers and favoring females over males. One variant emphasizes technological
éhanges (possibly associated with the computer revolution) that are likety to have raised the
relative demand for more-educated and flexible workers and reduced the demand for physical
labor [Davis and Halliwanger, 1991; Krueger, 1581; Mincer, 1991]. A second hypothesizes that
shifts in product demand largely associated with large trade deficits in tha 1980s have led to a
sharp decfine in manufacturing employment and a shift in amployment towards seclors that are
education and fernale intensive [Murpty and Welch, 1991}, Alternative explanations focus on
changes in wage-seftting Institutions such as the decline in unions [Freeman, 1891], changes in

pay norms [Milchell, 1989], and the erosion of the real value of the minimum wage [Blackbum,




Bloom, and Freeman, 1990].

in this paper, we examine how lar one can go fowards explaining recent changes in relative
wages in the United States using a simple supply and demand framewark, Rather than focusing
on changes in relative wages during the 1980s In Isolation, we analyze relative wage movemenls
aver the longer 25 year time period from 1963 to 1987, By examining this ionger time period, wa
are able to evaluate the ability of competing explanations to explain a wide range of wage
observations (such as both falling coliege wage premia in the 1970s and rising college wagse
premia in the 1880s) as well as ditferences in timing in changos in wage differamtials,

The paper is organized as follows. Section Il describes the data from the March Current
Popuiation Surveys that we use throughout the paper, Seclion il uses these data to describe the
basic patlerns of change in real and relative wages in the United States over the 1963 1o 1887
period. Seclion IV outlines the simple factor demand model that we use to interpret thase ralative
wage data and evaluates the abiity of simple demand shift stories to explain the observed
patterns of changes in relative factor prices and supplies. Section V expantls the basic model
to incorporate both within and between industry components of relative factor demands. Section
Seqtion VI uses the basic framework to examine changes in education and experience
differentials. Section VIl summarizes our conclusions.

We canciude that rapid secular growth in the relative demand for "mare-skilled® workers is
a key component of any eonsistent explanation for rismg inequality and changes in the wage
struciure over the last twenlty-five years, Afthough much of this shift in relative demand can be
ac.courrted tor by observed shifts in the industrial and occupational composilion of employment
towards telatively skill-intensive sectors, the majority reflects shifis in relative labor demand
oceurring within detailed sectors. These within-sector shifts are likely to reflect skill-biased
technological changes. Ditferences in the time pattern of rising education ditferentials and rising
within-group fnequality suggest they are distinct phenomena. Owr results indicate that observed
fluctuations in the rate of growth of the relative supply of college graduates combined with smooth

trend demand growth in favor of mere-educated workers can largely explain fluctuations in the
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collage/high schoo! difterentiat over the 1963-1987 period. Steady demand growth In favor of
more highty-skilled workers over the last twenty ysars appears consistent with both movements

in education differentials and within group inaquality.

Il, THE DATA

The dala-we usa in this paper come from a series of 25 consecutive March Current
Population Surveys (GPSs) for survey years 1964 to 1988. Thesa GPS data are from tha March
Annual Demographic Supplement and provide information on eamings and weeks worked in tha
calencar year preceding the March survey. These surveys provide wage and employment
information on approximately 1.4 million workers for the 1963 1o 1987 period. From these CPS
data, we create two samples: (1) a wage sampie which we use to measure weakly wages of full-
time workers by demographic group and (2) a count sample that we use to measure the amount
of fabor supplied by each of these demographic groups. The taxonomy we use divides the data
into 320 distinct labor groups, distinguished by sex, education (kss than 12, 12, 13-15, and 18
or more years of schoaoling), and 40 single-year potential experience categories {corresponding
10 the first 40 years since the estimated age of labor market entrance).”

The wage measure which we use throughout the paper is the average weekly wage of
full-time workers {computed as {otal annual eamnings divided by total weeks worked) within a
gender-education-experience cell® Qurwage sample includes full-time wage and salary workers
who participated in the labor force for al least 39 weeks in the calendar year peior to the March
survey, worked al least 1 week, and did not work pant year due ta school, retirement, or military
service, Se-lf-employed workers and those working without pay were excluded from the wage
sample. The sample includes. individuals for whom the Census imputed wages but makes a
correction for the fact that the imputation procedures changed between the 1975 and 1976 March
CPS survays.' Workers with top coded eamings were imputed annual earnings at 1.45 limes

the annual topcode amount, This correction is based on our estimates of the conditional average




4
samings of thase with earnings above the topcode, In addition, we excluded warkars whh real
weakly earnings balow $67,00 in 1982 dollars {equal to 1/2 of the 1982 real minimum wagea based
©on a 40-hour week), As best as we can ascenain from experimentation, our results are not highty
sensitive {0 these exclusion criteria.

The count sample includes all individuals that worked at least one week in the preceding
year {regardiess of whether they were wage and salary workers, salf employed or otherwise), We
compute total hours worked for each cell in each year by computing the product of total annual
hours {weeks worked times usual weekly hours) and the individual CPS sample weight for each
individuat in the cell and then summing over ail the individuals In the cell.’ We use these total
hours measures as estimates of the total labor supplled to the U.S. market by individuals with
given characteristics. The total hours calculations for each cell are then defiated by the sum of
total hours worked over all cells so that hours for each cell in each year are expressed as a
fraction of total annual hours that year.

The use of two separate samples, one for measuring suppiies and one for measuring
prices, reflects the different criteria each sample must meet. The primary concem with the wage
sample is ta obtain data on a group thal mairtains a reasonably constant composition through
time thus providing estimates of the prices received by workers of given skills. In this regard, our
goal was to maximize the comparabiiity through lime, This is why we tried to focus on full-time
workers with reasonably strong labor force attachmant. For purposes of computing supply, the
desire far hemogeneity is overridden by the requirement of measuring an aggregate quantity,

Qur wage data can be summarized by the 320 by 25 matrix W which contains the average
weekly wage from the wage sample for each of our 320 groups in each year from 1963 1o 1987.
When we describe wages for more aggregated groups we use a lixed-weight aggregation scheme
where the lixed weights are given by the 320 element vector af average employmert shares over
the 1963 to 1987 period which we dencte N. In addition, we use this same vector of fixesd-weights

1o construct wage indices tor each year as N'W, Deflating wages in each of y2ar by the value of
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this ingex for the year penerales a lime series of relative wages by groups (where each group's
wage is inttexed 10 the wages for a fixed bundle of workers), The averags of these reiative wages
through time provides an estimate of the average refative wage of a given group and hence
provides a nalural basis for aggregating quantities of labor supplied across groups in terms of
efflclency unhs. Accordingly, when we measure quantities of labor in efficiency units, we
compute mare apgregate supplies from the Individual cell supplies by weighting hours workerd

in each cell contained in the aggregate by the averaga relative wage of that cell and summing.

Il REAL AND RELATIVE WAGE CHANGES, 1963-1987

Tabie | describes changes In the real weakly wages of the full labor force and of individual
demographic groups for the 1963-1987 period and for 3 sub-periods, 1863-1971, 1971-1979 and
1979-1987.% Over the entire period average real weekly wages increased by 16.1 percent.” This
growth in real wages breaks down o a 1.2 percent increase between 1963 and 1971 and small
declines during the 1971-1979 and 1979-1887 sub-periods. The major difference between these
computations and more standard measures of average real wages is that the measures in Table
{ refer to wages for a fixed demographic distribution (the average employment distribution over
the 1963 10 1987 period) and hence do not refiect changes in the level of wages arising from
shifts in the education, gendar or experience composition of the labor force,

The next two rows of the table indicate that wages of women increased by 9 percent
relative 10 the wages of men over the entire period. This reduction in the cverall gender gap in
earnings was concentrated in the 1880s. In fact, the eamings of women Increased reiative 1o
those of men in almost al experience-education cells during the 1580s. .Panel A of Figure |
contrasts the time pattern of changes in ;he femate/male wage ratio for high school and college
graduates from 1963 ta 1987.° Although the narowing of the gender gap in wages started
earlier for college graduates than for high school graduates, the increase in the female/male wage

ratio is much more substantial in the 1880s lor high school graduates.




TABLE I )
U.5. REAL WEEKLY WAGE CHANGES FOR FULL-TTME WORKERS, 1963-87%

Change in Log Average Real Weekly Wage
(Multiplied by 100)

Group 1963-71 1971-79 1979-87 1963-87
All 19.2 -2.8 =-0.3 16.1
Gender:

Men 19.7 -3.4 =2.4 13.9
Wemen 17.¢ -G.8 6.1 22.9

Education (Years of Schooling):

g~11 17.1 0.3 -6.6 10.9
12 16.7 1.4 4.0 14.1
13-15 16.4 -3.4 1.5 14 .4
16+ 25.5 ~10.1 7.7 23.1
Experience {Men):

1-5 years 7.1 -1.5 -6.7 6.8
26-35 years 19.4 -0.6 G.o 18.8
Education and Experience (Men):

Educatien 8§-11

Experience 1-3 20.5 1.5 -15.8 6.2
Experience Z6-35 19.3 0.4 ~1.9 17.0
Education 12

Experience 1-5 17.4 0.8 =-19.8 -1.6
Experience 26-135 14,3 3.2 -2.8 14,7
Education 16+

Experience 1-5 18.9 -11.3 10.8 18.4
Experience 25-35 8.1 ~4.0 1.8 25.9

*The numbers in the table represent log changes in mean weekly wages using data
from the March Current Popularion Surveys for 1964-88, Mean weekly wages for
full-time workers in 2ach of 320 sex—education-experience cells were computed in
each year. Mean wages for broader groups 1n each year represent weighted
averages of these cell means using a fixed set of weights (the average employment
share of the cell for the entire 1963-87 perled}. All earnings numbers are
deflated by the implicit price deflator for perscnal consumption expenditures,
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Tha next fow rows of Table | show real wage changes by education level. For the full
periodd, real wage changes are monotonically increasing in education leved reflecting a rise in
education-based wage differentials. The timing of the growth in education returns is very unaven
however. From 1963 to 1971 college graduales gained about 8 perceni on other groups.
Betwsen 1971 and 1979 real wages fell the most for college graduates, by 10.1 percent, and
actually increased sightly for the two least-educated groups. In contrast, from 1979 (o 1987
college graduates gained 4.1 percert on high school dropouts and 11.7 percent on high school
graduates. Since these changes more than make up for tha dacline in the relative wages of
college graduates over the 1970's, the collage wage premium was higher in the late 1980s than
at any other time during our sample and most likaly at any other time during the postwar period
[Goldin and Margo, 1992).

Paneis B and C of Figure | further illustrates changes in the eamings of college graduale
relative to high school graduates. Panel B documents movements in the fixed-weighted average
college/high school wage ratio for all workers and for workers with 1 1o 5 years of experience.
The figure highlights much larger swings in educational differentials for young workers than lor
older workers in the 1970s and 1980s. In fact, the college/high school wage ratio for young
workers fell from 1.61 in 1969 10 1.44 in 1979 and then increased sharply to 1,82 in 1987, Panel
C shows Lhat lluctuations in the coliege wage premium were quite similar for men and womaen.

The next two rows of Table | examine real wage changes by exparience level for males.
Over the entire sample period the wage gap between older and younger workers expanded with
peak earners, those with 2610 35 years of experience, gaining 12 percent an new entrants, those
with 1 to 5 years of experience. Although experience differentials for men expanded throughaout
the period, they increased most substantially during the 1980s.

The tinal rows of Table | present real wage mavements lor education by experience cells
for males. Two distinct patlerns emerge. First, high school graduates and high school dropouts

show the largest increases in experience difierentials (16.3 and 10.8 percent respectively} and for
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both groups this increase is accounted for entirely by the rise in experience retums in the final
\ime Wnterval. For college graduates the lime seres ol experisnce retumns I8 quite different.
Exparience differentials increase sharply In both of the first two time intervals so that from 1863
to 1979 exparienced college graduates gained 16.5 percent on new antrants, Howaever, during
the 1980s the relative wages of young college graduales increased sharply. The dilferences in
the pattetns of changes in experience differentials for high school and college graduates are
graphed in Panel D of Figura i.

We have so far referred to changes in real wages lor groups distinguished by sex,
education, and experience. However, given that thesa factors account for only about one-third
of the differences in wages across warkers, there is significant room for relative wage changes
within thess categories as well. We use the dispersion of relative wages within our gender-
education-experience celis as a measure of the spread in relative wages across ditferent skill
levels within the celis. Empirically we do this by looking at the distribution of residuals from a
regression of log weekly wages on a quartic in experience fuily interacted with sex and four
education-level dummies, and linear terms in education within these categories. Tha distribution
ofr residuals from this regression esserttially captures the dispersion of wages within the
gemagraphic groups.

We summarize these results in panel A of Figure Il where we piot the differences the log
wage residuals of those at the S0th and at the 10th percentiles of the distribution of Iog wage
residuals for men and women. Within-group {resicual) wage inequality has expanded enormously
for both women and men from 1963 to 1987. The log wage gap between the 80th and 10th
percentile worker within experience-education groups increased by approximately 0.26 for men
and 0.21 for women from 1963-87. This sirlking increase in wage Inequality within groups means
that the not only have less-educated and less-experienced workers Iost out over our sample
period but so too have the "least-skilled" or "least-lucky" workars within each category.

An examination of the time series displayed in Panet A of Figure Il shows that residual
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8
inequality slarted to expand in the early 1970% and continued rather smoothly Increasing in the
1980s. This time patlern contrasts sharply with the pattem for education differentials. We
conclude from these differences in timing that the genaral rise in within-group ineguality and the
fise In aducation premia over tha 1963-87 period are actually somewhat distinct economic
phenomena. Tha earlier increase in within-group inequality suggesis a rise in the demand for
*gkill that predates the recent rise in returns to sducation.

We next examine changes in overall wage inequality by sex. Pane! B of Figure il plots
maovements in overall wage disperslon as measured by the log wage ditferential between workers
at tha 80th and 10th percentiles of the wage distribution for men and for women. The 90-10 log
waga differantial for males remained stable iﬁ the 1960s, increased substantially from 1.18in 1970
to 1.28 in 1979, and then expanded sharply by 0.18 log points from 1879 to 1987. Wage
inequality for females remained fairly stable in the 1960s and 1970s, and then increased sharply
from 1.08 in 1979 to 1.32 in 1987. The log wage gap between the 90th and 10th percentile
workers increased by 0.26 for men and by 0.25 for women from 1963 to 1987. The pattern of
ehanges in overall wage inequality over our sample period is quite similar if one uses allemative
summary measuras such as the variance of log wages, the interquartile range, or a gini coeficient
[Juhn, Murphy, and Pierce, 1989; Karoly, 1530; Levy and Murnane, 1991]. la fact, the weekly and
hourly wage distributions for both men and women appear to have spread out fairly evenly across
all percentiles from 1963 to 1987,

Wae conclude that all major relative wage differentials with the exception of the male/female
differantial increased Irom 1963 to 1987. These basic changes in tha U.S. wage structure can be
summarized as follows:

1) The college wage premium rose from 1963 to 1971, fell from 1971 to 1 979, and then rose
sharply from 1979 to 1987, The changes in Lhe college/high school wage ratio were greatest tor
the youngest workers in the 1870s and 1980z and greatesl for prime age workers in the 1960s,

2} Experience differentials expanded substantially from 1963 1o 1887. The most dramatic




]
increases In experiance differentials occurred for less-educated males from 1979-87.

9) Overall and residual weekly wage inequality for both men and women (as measvured by the
90-10 log wage differential) were stable during the 1960s and then increased by almost 30
percent from the late 1960s to 1987, The increase in residuat inequality has been quite steady
since the early 1970s. while the growth in overall inequality accelsrated in the 1980s,

4} After remaining fairly stable in the 1960s and 1570s, maleflemaie wage difierentials

narrowed substantially from 1979 to 1987.

V. A SIMPLE SUPPLY AND DEMAND FRAMEWCRK

We begin aur examination of the between-group relative wage changes documented in the
previous section using a simple supply and demand framework in which difierent demographic
groups (identified by sex, education, and experience) are treated as distinct labor inputs. We
think of the relative wages of demographic groups as being generated by the iteraction of the
relative supplies of the groups and an aggregate production with its associated factor demand
schedules. To the exient these different demographic groups are imperfect substitutes in
production, we can view changes in relative wages as being generated by shifts in relative
supplies and shifts in the factor demand schedules. The framework is distinctly partial equilibrium
in that we do not specify the determinants of refative factor supplies, We only require that

ohbserved prices and quantities must be *on the demand curve*

A. The Basic Framework
Qur basic framework involves an aggregate production function cansisting of K types of

labor inputs. We assume the associaled factor demands can be written as

(1 X = DW, &

where
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X, = Kx1 vector of labor inputs employed in the markat inyeart
W, = Kx1 vector of market prices for these inputs in year t

Z, = mx1 vactor of demand shift variabies in year t.

The demand shitters, Z, reflect the effacts of technology, product demand, and other non-labor
Inputs on demands for labor inputs,

Under the assumption that the aggregate production function is concave, the (KK} maatrix
of cross-price effects on factor demands, D, is negative semidefinite. Equation (1) can be written

In terms of differentials as

@) aX, = D,dW, + Dz,

The negative semidefiniteress of D,, implies

) aW(dX, - D,dZ) = OWD, W, < 0.

Changes in factor suppilies (net of demand shifts) and changes in wages must negatively covary.

One hypothesis that has attracted much attention in previous relaled research [e.g.
Freeman, 1979; Welch, 1979] is whether shifts in relative supplies are the driving force behind
observed changes in relative wages. A test of an extreme version of this hypothesis is o examine
whether the data are consistent with stable factor demand. In this case, wage changes are
generated by relative supply changes arising from changing demographics and school completion
rates. In the case of two inputs, the basic implication of stable relative factor demand is that an
increase in the relative supply of 2 group must lead 10 a reduction in the relative wage of that
group. More generally, if tactor demand is stable (Z, fixed), equation (3) implies dWaX, = 0. We

use our estimates of the lime series, (X, W), 1=1863, ..., 1887, and a discrete version of this
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equation to test for stable demand. Specifically, we test for fixed factor demand batwesn the year

t and yaar v by evaluating whather

(@ W, - W04 - X,) £ 0

This inequality provides a natural way in which o evaluate the pure supply shifts stary,
Periods of time in which the inequality in (4) Is satisfiéd (i-e.. the inner product of changes in
wages and changes in factor supplies is honpositive) have the polential 1o be axplained solely
by supply shifts. When this inequality is not satisfied, no story relying entirely on supply shifts is
consistert with the data, In this case, we can evalaute allernative hypotheses concerning relative

demand shifts {atternative proxies for Z,) using the discrete version of (3 given by

)] W - W' [(X - %) - (DIW,.2) - D(W,,Z, )] = 0,

where we compute the inner product of the change in wages from year r 10 year t with the
changes in net supplies (equal to the actual change in supply less 1he change in demand tor X
that would have happened at fixed factor prices).

In our implementation of this framework, we are concermed with explaining relative wage
changes as a function of relatlve supply and relative factor demand shifts. We abstract from
changes in absolute wages arising from factor-neutral technolegical change and from neutral
d&nand shifts associated with changes in the scale of the economy. To do so, we use a relative
wage measure (actual wages W, deflated by the wage index N'W,, where N is the (K x 1) vector
of average empleyment shares over the entire sample for the K labor inpuls) and a relative supply
measure (actual supplies X, deflated by the lotal supply of labar in the economy measured in
efficiency units o’X,, where a is the (K x %) vector of average relative wages over the entire

sample) when we empirically evaluate (4} and (5).°



B. Relative Su Changes

Table || summarizes changes in relativa lactor supplies (where sach group's supply ia
measured relative to the total supply in efficiency units) over the 19631987 period and the
sub-periods 1953-1871, 1971-1979 and 1679-1987 fur (he same aggregates used to analyze
changes in wages In Table |. The table fiiustrates thal there has been substarial long Tun growth
in the relative supply of more-educated workars, younger workers, and women. The incraase in
the average educational attainment of the labor force is paricularly striking. The share cl
aggregate hours warkad contributed by college graduates increased from 13.0 to 26.9 percem
from 1963-1887, while the share for high school dropouts fall from 39.2 1o 12.6 parcent over the
same period. Since the relative supplies end wages of more-educated workers and women
increased over the sampie, relative demand changes favoring these groups are likely to be
necessary to explain the observed data.

On the clher hand, the table does illustrate the possibility 1hat ditterences in the rate of
growth in the relative supply of college graduates may help explain the time pattem of changes
in the college wage premium. The largest increase in the supply of college graduates comes
during the 1971-1979 period in which the college wage premium declined, and the smallest
growih of supply comes during the 1979-1987 period in which the college wage pramium
expanded sharply. A smooth secular increase in the relative demand for college graduates
combined with the observed liuctuations in the rate of growth of relative supply could potentially
explain the movements in the college wage premium from 1963 to 1987,

An analogous story emphasizing smooth trend growth in the relative demand for women
and relative supply growth variation seems less likely to provide a complele story for changes in
the gender gap in eamings. The rate of growth of the share of the labor lorce accounted for by
women is more rapid in the 1970s than in the 1960s or 1980s. The deceieration in the rate of
growth of female labor supply in the 1980s combined with a secular growth in the relative demand

for industries and occupation in which women have been concentrated may help explain the




TABLE II
RELATIVE SUPPLY CHANGES, 1963-87%

Change in Log Share of Aggregate Lahor Loput
(Hultiplied by 100}

Group 1963-71 1971-7% 1979--87 1963-87
Gender:

Men -2.9 -4.9 —4 .2 -12.0
Women 11.2 15.7 il1.2 ig.2

Educatien (Years of Schooling):

8-11 -35.2 -48.6 -41.9 -125.7
12 7.8 -4 .8 -4.8 -2.0
13-15 20.3 23.3 6.7 50.3
la+ 17.8 24.1 15.6 57.5
Experience (Men):

1-53 years 30.3 16.3 -27.9 18.6
6-10 years 14,2 19.5 -10.4 23.4
11-15 years -4.,13 6.9 17.5 20.1
16-20 years -17.8 -6.6 22.7 -1.7
21~25 years -15.5 -15.9 0.0 -32.3
26-35 years -5.5 -23.8 ~17.4 —46.7
Experience and Education (Men):

Education 8-11

Exparience 1-3 -21.1 1.5 -53.3 -72.%
Experience 26-35 -34.8 -39.48 —£3.3 -15%9.58
Education 12

Experience 1-5 16.2 18.7 —-40.9 -6.0
Experience 26-35 4.0 ~26.% -10.9 -33.8
Education 16+

Experience 1-5 52.7 17.1 -12.7 57.1
Experience 26-35 19.8 18.9 -5.8 2.9

’Tha numbers in the table represent log changes in each group's share of total
labor supply measured in eafficiency unite {annual hours times the average
relative wage of the group for the 1963-87 pericd) using data from the Mareh
Current Population Surveys for 1964-88. Supply measures include all workers in
the count sample deseribed in the text,
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greatar samings gains made by women In the 1880s than in the 1970s. On the other hand, the

accaleration In the growth rate of relative supply from the 1960s to the 1970s bodes poorty for an
explanation based on supply growth fluciuations since the relative earnings of women declined
in the 1960s.

Changes in e age structure of the labor forca may ba an important part of an explanation
for secutar increases in the relative eamings of older workers. The share of labor suppty
{measured in efficiency unils} accourmed for by workers with 1 to 10 years of experience
increased rapidly from 18.9 percent in 1963 to a paak of 30,8 percent in 1980 and then decreased
lo 27.4 percent in 1987. Tha secular increase in the share of young workers consisted of
dramatic increases in the relative sup-pry of new entrants from the mid-1960s 10 the late 1970s as
the baby boom cohorts entered the labor force combined with a sharp decline in the share of new
entrants in the 1980s with the passage of the baby boom cohons into mid-career. This pattem
ot changes in relative supplies can help explain increase in experience diferentials in the 1970s,
but it has some difticulties with the sharp increases in experience differentiats for less-educated

males in the 1980s.

C. Can Relative Supply Ghanges Explain Relative Wage Changes?

To more formatly examine how relative supply changes line up with the relative wage
changes, we implement the framework outlined above. For the analysis in this section, we divide
our data into 64 dislinéi lator groups, distinguished by sex, 4 education categories {8-11, 12, 13-
15, and 16+ years of schooling) and 8 experience categories {(1-5, 6-10, 11-15, 16-20, 21-25, 26-
30, 3135, and 36-40 years). We begin with equation (4) and compute the inner products of
changes in relative wages with changes in relative factor supplies between time periods. To
reduce the number of computations and minimize the Impact of measurement arrof, we aggregate
our 25 years into five 5-year intervals and compute average relative wages (relalive to our wage

index) and average relative supplies for each of our 64 groups within these sub-periods, We
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then compute the inner products of the changes in these measures of wages and supplies
between each pair of thesa five intarvals.

The results of these calculalions are given in the lop part of Table Ill. The data appear 1o
be reasonably consistent with the stable demand hypothesis [or the 1965-80 period. Five of the
six comparisons for this period are negative anc the positive one is quita small and might be
difficutt to distinguish from sampling error. In conlrast, all comparisons involving the interval
centared in 1985 are positive and thereby reject a stable factor demand structure, Our findings
are quile similar when we limit the analysis tc men.

Figure Il lustrates these patterns by plotting changes in log relative supplies against
changes in log telative wages for the 84 labor groups for the period as a whole and for the three
sub-pericds.  The lines drawn in the figures represent predicted values from welghted least
squares regressions of the changes in log wages on the changes in log factor supplies for each
interval with the weights being the employment shares of each group i the initial period. The
four graphs shown in tha figure reinforce the findings from the inner products: for the 1963-87
period as a whole and most strongly for the 1980s, the groups with the largest increases in
relative supplies tended to have the largest increases in relalive wagaes. Thus, when looking
across groups, diffierential supply growth alone seems like an urntlikely candidale to explain the
observed changes in relative wages for the entire period. In lact, we lind a negative relationship
between growth in factor supplies and in relative wages only during the 1971-1579 period. These
findings indicate that demand growth was an important component of the change in factor prices
over the period as a whole and particularly during the 1980s. Delineating the time pattern and
nature of Lhese relative demand shifts is our next goal,

We first examine the whether the cbserved wage changes can be made congistent with the
observed pattern of relative quantity changes simply by allowing for smoath trend changes in
relative demands. Such trend demand shifts might reflect a steady pace on non-neutral

lechnological changes or steady changes in the industrial composition of employment. To do



TABLE It

INNER PRODUCTS OF CHANGES IN RELATIVE WAGES WITH
CHANGES IN RELATIVE QUANTITIES FOR 64 DEMOGARAPHIC GROUPS®

5-Yaar 5-Year Centered Interval

Canterad

Interval 1965 1970 1979 1980
Acteal Ch

1870 0.0128

1975 -0.1129 -0.1084

1980 -0.0893 -0.1606 -0.0040

198% 0.3813 0.1704 0.2224 0.1421

Inner Pr f Chan in Detren 0

1970 -0.0251

1975 -0.0423 -0.0351

1980 0.0074 -g.0201 -0.0070

1985 -0.0028 -0.0037 -0.0402 0.0138
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this, we regress the time series of relative wages and of quantities for each of our 64 groups on
a constant and a linear time trend. We then average the reslduals over five-year centered
Intervals for each group and compute the irner prodﬁcis in changes in detrended ralative prices
and relative quantities, The results of this procedure are shown in the bottom hall of Table lil.
Comparing these numbears with these oblained without correcting for trend changes, we see that
many more of the comparisons now show negative inner products. Wa infer from this that trend
demand growth alone can make almost all of the observed price and quantity changes consistent
wilh otharwisa stable demnand, afthough the remaining positive iner product for the 1980s in
detrended changes suggests some accelaration in the rate of growih of demand for women and

more-eéducated workers in the 1980s appears necessary.

V. MEASURING CHANGES IN THE RELATIVE DEMAND FOR LABOR

1t is clear that substantial shifts in relative labor demand are necessary to explain ocbserved
changes in the wage structure since the early 1960s as reflecting changes in relative compétitive
wage levels. Changes in the structure of product demand, increased intemational competition,
and skill-biased technological che;nge have attracted much attention as passible reasons for shifts
in labor demand against less-educated males. We find it usetu to think of relative labor demand
shifts ag coming from twa types of changes: those that occur within industries (i.e. shifts that
change the relative factor intensities within industries at fixed relative wages) and those that occur
betwesn industries (i.e. shifts that change the allocation of total labor demand between industries
at fixed relative wages). Important sources of within-industry shifts include factor non-neutral
technological ¢change, changes in prices of nonlabor inputs (e.g. computer sarvices), and
‘outsourcing® (shifts of portions of industry production out of the United Siates). Between-industry
shifts in demand may be driven by shifts in product demand across industries, secloral
differences in lactor neutral total factor productivity growth, and shifts in net international trade

which change the domestic share of output at fixed relative wages.
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The eflect of between-industry shifts in labor demand on the relative demands tor different
demographic Qroups depends on group differences in industrial employment distsibutions. Table
IV presents the distributions of employmsnt among twelve broad industries and three major
occupational categories of six pender-education gmups.“’ The distributions in the table are the
average distributions tor each group over the 1967 to 1987 period.”" The substantial differences
in employment distributions indicate that shifts in labor demand across industries and occupations
may greatly affect the relative wages of these groups.

Tabie V iliustrates that large changes occurred in the industrial and oc¢cupational

distribution of total employment over the 1967-87 period. Tha shift over the entire pariod in the
_industrial employment distribution out of “ow tech® and *basic* manufacturing and into
professional and business services is suggestive of a trand demand shift in lavor of college
graduates and of women and against less-educated males. The substantial decline in importance
ol production worker jobs points towards similar demand shifts.

If within-industry relative factor demand is stable so that changes in the wage structure are
entirely explained by between-industry shifts in labor demand and relative supply changes, then
the shares of industrial employment of groups whose relative wages have increasad should tend
to fall inside every industry, Thus the hypothesis of stable within-industry demand implies that
the shares ot women and collage graduates should have declined in all industries, Since the
share of aggregale employment of women and college graduates increased over this period, this
scenaria requires a substantial shift in employment into industries that intensively employ women
and more-educated warkers. In fact, 2n examination of our CPS data indicates that the shares
of employment (measured either in total hours or sfficiency units) accounted for by women and
by coliege graduates increased in almost every two-digit industry both from 1963 1o 1887 and
during the 1980s.” This finding indicates that within-industry demand shifis favoring these
groups must have occurred. On the other hand, the finding that within-industry shifts must have

ccourred does not yule oul the possibifity that the between-industry shifts suggested by Table V
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) TABLE IV
AVERAGE INDUSTRIAL AND OCCUPATICHAL DISTRIBUTIONS
OF SIX DEMOGRAPHIC GROUPS, 1967-87%

Percentage Employment Shares

Years af Schooling: 8-11 B-I1 12 12 16+ la+
Gender: Men Women Men Women Men Women
I tr
Agriculture & Mining 9.8 3.0 6.4 1.8 3.0 1.0
Construction 14.1 0.7 11.2 1.4 3.4 0.6
Manufacturing®
Low Tech 12.2 18.3 7.2 6.7 2.8 1.2
Basic ' 19.0 13.9 19.6 11.0 11.4 4.1
High Tech 2.8 2.6 4.2 2.7 5.4 1.4

Communincations, Trans,

& Utilities 9.5 1.8 10.8 5. 4.7 2.7
Wholesale Trade 4.2 1.8 5.4 3.1 5.4 2.0
Ratall Trade 12.6 21.7 14.2 19.5 7. 7.2
Professional, Medical, &

Bus, Services & FIRE 4.8 15.5 7.2 28.0 28.0 26.8
Education & Welfare 2.2 5.9 1.9 1.6 19.0 45.5
Public Admininstration 3.0 1.8 6.7 5.7 7.4 5.1
Qther Services 5.8 12.9 5.2 7.2 2.3 2.5
Occupation
Professional, Techmical,

& Managers 9.3 6.8 19.7 15.2 77.3 76.9
Sales & Clerical 5.6 19.8 12.3 52.2 12.6 17.5
Production &

Service Wrkrs. B5.1 73.4 68.0 32.6 10.1 5.6

#The numbers in the table for each demographic group represent the average share
of employment (measured in total annual hours) of that group im the
corresponding industry or occupation with the average taken over the 1967-87
period.

Plow tech manufacturing includes the lumber, furniture, stome, clay, glass,
food, textiles, apparel, and leather industries, Basic manufacturing includes
the primary metals, fabricated metals, machinery, electrical equipment,
automobile, other transport equipment (excluding aircraft), tobacee, paper,
printing, rubber and miscellaneous manufacturing induscries, High tech
manufacturing includes the aircraft, instruments, chemicals, and pecroleum
industries,




TABLE V
OVERALL INDUSTRY AND OCCUPATION EMPLOYMENT DISTRIBUTIONS, 1967-374

Percentage Employment Shares
Full Peried

1967-6% 1573-75 1979-81  197§-B1 Change

Industyy
Agriculture & Mining 5.4 4.5 4.4 3.8 ~1.6
Construction 6.2 6.8 6.6 5.7 0.5
Manufacturing?:

Low Tech 8.7 7.5 5.4 5.5 -2.8

Basic 17.1 15.0 144 12.0 ~-5.1

High Tech 4.3 3.6 3.5 E -0.9
Commun., Trans., &

Utilities 7.3 7.2 7.3 7.1 -0.2
Wholesale Trade 3.7 4.4 4. 4.6 0.9
Retail Trade 13,7 13.9 13.6 14.3 -0.6

Prof., Med. & Bus.

Serv. & FIRE 13.4 16.7 18.9 21.5 8.1
Education & Welfare 7.9 9.3 9.2 9.4 1.5
Public Admin. 6.2 5.9 5.9 6.0 -0.2
Other Services 6.0 5.1 5.3 5.9 -0.1
Ocgupation
Prof/Tech, &

Managers 28.1 29.6 32.0 35.4 7.3
Sales & Clerical 21.3 21.8 22.5 224 1.1
Production &

Service Wrkrs, 50.6 48.6 45.5 42.2 -8.4

®The numbers in the table are percentage shares of total employment measured in
total annual hours.

PLow tech mamifacturing includes the lumber, furniture, stone, clay, glass,
food, textiles, apparel, and leather industries. Basic manufacturing includes
the primary metals, fabricated metals, machinery, electrical equipment,
automobile, other transpert equipmenc (exeluding aircraft), tobacco, paper,
printing, rubber and miscellaneous manufacturing industries. High tech
manufacturing includes the aircraft, instruments, chemicals, and petroleum
lndustries.
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are an imponant factor In relativa wage changes. We next more formally develop and Implement

a procedure for assessing the magnitude of between-sector shifts in relative labor demands.

A._Conceptual Framework

One widely used measure of the effect of batween-sector demand shifts on relative labor
demands is the fixed-coefliclent *manpower requirements® Index [e.g. Freeman, 1975, 1980]. Thig
index measures the percentage change in the demand for a demographic group as the weighted
average of percentage employment growth by industry where the waights are the Industrial
employment distribution for the demographic group In a base pericd.™ In this section, we Ciarify
the interpretation of these demand shift measures. Thess simple demand shift indices provide
appropriate demand shift measures for implementing equation (3) ta determine whether within-
sector relative damand shilts are necessary to explain observed shifts in relative wages. On the
other hand, when relative wages are not fixed, such demand shifts measures are biased
indicators of tue® batween-sector relative demand shifts. Nevenheless, the nature of the bias can
be determinad. These demand shift indices tend 10 understate the relative demand shift favoring
groups with increases in relative prices.

We begin our formal analysis by considering an economy that consists af J sectors {which
can be thought of as industries or as indusiry-occupation cells) and K labor inputs, We danote
output in sector J by Y, and assume production takes place under constant returns to scale in

all sectors. We can write the K by 1 vector of tactor demands in sactor |, % as
(6) X, = Clwyy,
where CL(W) is the K by 1 vector of unit factor demand curves (i.e. the partial derivatives of the

unit cost function in sector | with respect to each graup’s own wage), Equation (6) can be written

in terms of differentials as




18 >
%) d¥, = CLW)dY, + YCLW)dW,

under the assumption that within-sector demand is stable. Pre-muttiplying by W and using the

result that unit lactor demands areé homogeneous of degree zera in factor prices, we derive

@ WaX; = WX, (YY)

or

(8a) dY, WX .
W

50 that we can measure the percentage change in outputs by the value weighted percentage
change in inputs.

This resutt is particularly useful since aggregating (7) acrass seclors yields

+ O, W,

dv, WX,
(9) dX - .o, v - x|
; 5 Y; ; ! WX,

where dX is the (K x 1) vector of empioyment changes, C,,,, Is the (K x K} matrix that corresponds
to the praduction-weighted average of the Hessians (second partiat derivatives) of the unit cost

functions for the J industries and is negative semidefinite. Equation (9) implies that

WX,
(1) dw’dx_gxirﬁ - oW, dW < 0.
i W’Xj

Equation {10) is of the form given in equation (3). Thus an appropriate between-sector
demand shift measure 10 evaluate whether the data are consistant with stable demand within-

sectars is the (K x 1) vector —_— —_—— - .



{11) aAD - EX.%,

which is simply the vector of weighted sums of sector employments tar each factor with the
weights given by the percentage changes in the value of inputs in each sactor, This demand shift
index is exactly the standard fixed-coefficients index with sectoral employment changes measured
in efficiency units rather than in raw hours. The intuitive interpretation of the index is that thasa
inputs employed heavily in expanding sectors will have increased demand, whila those inputs
employed mostly in contracting sectors will have falling demand.

It is important to note at this point that all quantities in equation (11) are the equilibrium
changes in factor employments and are 1hereby‘-directly measurable. No presumption has been
made as to the source of the changes in employments other than the lact thal the sector-specific
unit cast functions are being held fixed."  Afthough the demand index given in eduation (11)
can be directly insenied inlo equation (10) to test for the stability of demand within sectors, this
demand index does not provide an unblased measure of *true* between-industry demand shifts
when relative wages are changing.

The reason for this bias is that changes in relative wages can affect the distribution of
sectoral outpuds so that AD will not measure the effects of changes in the allocation of tabor
demand across sectors at fixed relative wages. The output shares of sactors that intensively
employ groups with relative wage increases are likely to fall relative 10 what they would have bean
at stable relative wages. Thus AD is likely to be downward biased measure of demand shifts in
favor of groups with relative wage increases,

More formally, we can writa the {J x 1} vector of changes in relative aulputs, dy, as

(12) d¥ = ar' + Y, P = dY’ + Y, C,, dwW,
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whare dY” s the {J x 1) vector of true* preduct demand shifts computed at fixed factor prices,
P is the (J x 1) vector of sector outpul prices, Y, Is the {J x J) matrix of dervatives with respect
to the price vactor of the sectoral demand functions, and G, is the {J x K} matrix of derlvalives
of the unit cost function with respect (o own wages. The sacond equality arises from the
assumplion of constant returns to scale which implies that dP = C, (W) dW. Using equations (6),

(8a), (113, and {12), we can write our demand index as
{13) AD =g CL(W) d¥, = (C,)dY = (CJay’ + (C Y, G, dw.

Equation {13} gives cur demand shift measure in terms of the true factor demand shift Gy
and a bias term (C,)'Y,C,, dW. If (C,)'Y,Cw is negative semidefinite (as will be the case in the
absence of income effacts), this bias term will be inversely related to wage changes on average
(ie. the inner product of dw and the bias term will be nonpositive}. In the two factor case the
between-sector demand index given in equation (11) will understate the demand Increase for
those groups with rising relative wages. Mare generally, our demand shift index will tend to
understate the magnitude of the true relative demand =shifts favoring groups with an increases in

relative wages.

B. Measured Demand Shifts, 1967-87

To implement this approach 1o measuring demand shifts, we divide the economy into 50
two-digit industries and 3 occupation categories and take the resulting 150 industry-occupation
cells as our seclors. The advantage of adding occupations to the indusiry taxonomies used in
most previous work is thal doing so allows us to look at some dimensions of within-industry shifts
in labor demand, as well as between-industry shifts, Wahin our framework, we can think of
cccupations as producing intermediate goods within industries.

Empirically we construct our demand shift measure to correspond to the index AD defined

e
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In equation {11). We specify our Index of the between-sector change in demand for group k

maasured relative to base year employment of group k in efficiency units, E,, as
{14) aAX] = ADJE, = 5 (EWEN(AESE) = {5 4 AE/E,

where j indexes sactor, E; is lotal labor input in sector j measured in efficiency units, and &y =
(Ex/E) is group k's share of iotal empioyment in efficiency units in sector | in the base year. This
measure expressas the percentaga change in demand for each group as a weighted average of
the percentage changes in sectaral employments {measured in efficiency units) in which the
weights are group-specific employment distributions. We turn equation (14) iMo an index of
relative demand shifts by normalizing afl employment measures so that total employment in
efficiancy units in each year sums 10 1. We choose the average of the 1967-87 sample period
to be our base period.® Thus we use the average share of total empioyment in sector | of
group.k over the 1967-87 period as our measure of =, and the average share of group k in total
employment over the 1967-87 perlod as our measure of E,.

We define our overall (industry-occupation} demand shitt index for group k, AXY, as the
index given in (14) when | refers o our 150 industry-occupation cells. We also decompase this
index inlo betwean- and within-industry cempanents. The between-industry demand shift index |
for group k, AXE, is given by the index in {14) when j refers to 50 industries. We define our within-
industry demand shift index for k, AX}, as the difference between the overall demand shih index
and the between-incustry demand shift index (.. AXy = AXD - AXD). These within-Industry
demand shifts reflect shifts in empiayment among occupations within industries.

Table V! presents our relative demand shift estimates for eight demographic groups for the
entire 1967-87 period and for three sub-periods. The overall measure of demand shifts for the

erttire period is monotonically increasing in education level for both men and women. The overall

measure also shifted In favor of women relative to men within every education group from 1967
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to 1887. Since education differaniials expanded and gender differentials narrowed over the 1967-
B7 pericd, the actual between-sector demand shifts toward more-aducated workers and womaen
that would have occurred at fixed-faclor prices are likely to have been even graater than the
increases indicated in Tabie vi. The overall measure indicates that between-sector shifts In
employment increased the demand for male coliege graduales by over 30 parcent refative to
males with 12 or fewer years of scheoling. Demand shifts in favor of women are much greater
for high school graduales and Lhose with some collegé than for high school dropouts and college
graduates, These difference reflect the concentration of males but not females with 12 to 15
years of schooling in production occupations and manufacturing industries.

Although the measured demand shifts toward more-educated workers and towards women
have been substantial, they are significantly smaller than the observed relative supply changes
documentad in Table Il. Thus changes in relative wéges and changes in relative supplies net of
changes in the between-sector demand shift index positively covary over the 1967-87 and the
1979-87 period. Demand shifts within our industry-occupation cells are required to explain the
observed extent of positive covariation in changes in reiative wages and relative supplies.

Table VI also suggests that the pace of overall demand growth for college graduates
appears to have been relatively steady over the 1967-87 period, Onr the other hand, their are
some differences in the time pattern of shifts in the demand for lemale and male college
graduates. The magnitude of relative demand shifts favoring college males appears to have
increased In the 1980, while demand shilts favoring female college graduates are smaller in the
19805 than in the earlier pericds. These differences reflect the rapid growih of the professional
and business services in lhe 1§805 and the decline in relative employment in education and the
pubiic sector in this same period. Furthermore the overall demand shift index masks important
differences in the between- and within-industry measures of demand shifts. Between-industry
shifts for college graduates appear to have decelerated in the 1980s, while within-industry

demand shifts (largely reflecting an acceleraling rate of dacline in the share of production jobs
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within industries) have accelarated throughout the period.

C. Demand Shifts Arising Fram Changes In International Trade

Wae next examine the importance of changes In net International trade in manwlactured
goods a8 a source of relative labor demand shifts.”® Many have argued that increasad impor
competition particulady with the large U.S. trada deficits of the 1980s has played an important role
in shifting in employmeant out of manufacturing sectors and shifting relative damand against less-
educated workers.

To estimate the kebor supply equivalents of trade, we transform trade llows Into eguivalent
bodies on the basis of the wtilization of labor inputs in the domestic manulacturing industries that
constitute the bulk of the traded goods sector. We do this by estimating the direct labor supply
embodied in trade, ignoring indirect input-output effects. Thus the implicit labor supply in trade
is the labor input required to produce traded output domestically. Formally, we lst |, be net
imports In industry i in year t. Y; be domestic output of industry i in year 1, and £, be the share
aof total efliciency units in the U.5. economy in year t employed in sector i (g E; = 1), The Implicit
supply of labor embodied in net imports in industry i in year t measured as a fraction of total U.S.
labor input is given by (E,/Y,}*,. The implicit supply of iabor of demographic group k cortained

in net trade in year t as a fraction of total domastic labor supply of k is given by

(15) Lt = 5 e EyflyYy)

where e* the average proportion of empioyment (measured in eficiency units) in industry | made
up of workers in group j over lhe 1967-87 period.

We measure the effect of trade on relative demand for demographic group k in year t as

(16) T = (E9 3, [e Ex/YD] + 5 EllyY)
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where E¥ is the average share of total employment In efficiency untts of group k for the 1967-87
pericd. The first term is simply the implicit supply of the labor of group k contained in trade
normalized by base year employment of k with the sign reversed to convert this supply shifl
maasure into a demand shift measure, The second term adjusls the demand shift measure so
that trade only affacts relative demands lor |abor,'”

I equation (16}, we assume that rade-induced changes in an industry's output alter the
employment of production and nenproduction workers in that Industry in the same manner as
would domestic-induced changes in output. Alternatively, however, it is plausible that exporis and
impons may affect quite different portions of an industry and may have differential impacts on the
amployment of production and nonproduction workers. in particular, while expons and
production for domestic cunsumption- may create employment for both kinds of workers In a
similar manner, Imports may displace production workers to a far greater extent than they
digplace nonproduction workers. In fact, many activities of nanproduction workers (e.g marketing,
sales, accounting) may be relatively complementary with production workers overseas. To take
into account this issue, we provide two estimates of the effects of rade on employment. Undar
the first methed which we denote "equal allocation,” we directly employ equation (i6) and treat
niet imports in a manner analogous 1o domestic production for domestic consumption. Under the
second‘ method which we denote *production worker aliocation,” we modify the first term in
equation {16} so that exports ére allocated to all worl;ers in the sama manner as domestic
production for domestic consumnption, but imports are allocated to production workers only,'®

We use data on imports, exports, output from the NBER Immigration, Trade, and Labor
Market Dala Files to compute the trade ratios used in the constn.;ction of our indices of demana
shifts arising from trade.'® These data cover four-digit SIC manufacturing industries for each
year from 1967 to 1985, We aggregale these dala imMo 21 two-digit manufacturing industries.

Table VIl presents the changes in relative labor demand predicted by changes in intemational

trade in manufactures lor the 1967-73, 1973-74, and 1979-85 pericds. The table indicates that




TABLE VI

CHANGES IN RELATIVE LABOR DEMAND PREDICTED BY CHANGES
IN INTEANATIONAL TRADE IN MANUFACTURES, 1967-85°

Changa In Ralative Labsr Damand from Teads by Group
Mansurad as Parcant of Group Bawe-Yaar Employment”

Equal Allocatien® Production Warkar Allocation®
Group &7-73 73-79 79-85 87-72 73-79 79-85
Malos
Cropouts -0.16 Q.07 -0.63 -0.50 -Q.25 -1.48
{B-11 yaars)
H5 Graduatas -0.08 0.8 -0.28 -0,27 -0,10 .71
{12 vaars)
Soma Collega 0.04 0.85 0.07 .18 .21 0.42
{13-15 yaars}
Collags Graduazes 0,18 Q.02 0.55 .58 c.42 1.5¢
{16+ yaars)
Famaslaa
Dropouts -0.48 -0.25 -2.22 -0.76 -0.32 -4.00
(B-11 yesra)
HS5 Gredustss -0.08 -0.19 -D.16 -0.11 -0.21 -0.27
{12 yaars)
Some Collega 012 -0.15 Q.08 0.17 -0.23 .11
{13-15 yaars)
Callega Graduates a.22 -0.20 1.26 Q.24 -0.25 1.50

{16+ yaars)

“Data on irade flaws are from tha NBER Immigration, Trada, end Labor Market dats fllea.
Labor input dete are from the March CPS filas.

“Sase ysar employmant far aach group is thet group’s averegs share of 1atal mployment
{rom 1967-E5.

<Imparte snd axports ere assumed 1o affact production snd nenpraduction workersin aema
rannar as produclion for domastic cansumption,

‘Imports ara aasumad to affect praduction workers only and exports ta pifact all warkere
in same manner as does production for domestic consumption.
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the effects on relative fabor demands of trade wera quile moderate until substantial trade daficits
daveloped in the 1980s. The adverse effects of trade on relative labor demand are concentrated
on high school dropoins. Female dropouts who have traditionally been employed intensively as
production workers in import-compating industries such as apparel and textiles are the group
most aflecied by trade. In fact, demand changes from trade are large for female high school
dropouts in the 19805 than are domestic sources of between-sector demand shifts. The table
also indicates the effects of trade on relative labor demand are substantially larger when imports
are assumed 1o disproportionataly affoct production workers. Although trade-induced changes
in reflative demand move in the correat direction to help explain rising education differantials in
the 1980s, they are quite small relative 1o the increases in the relative supplies of more-educated

workers over the same period.

V1. UNDERSTANDING CHANGES IN EDUCATION AND EXPERIENCE DIFFERENTIALS

A Education Differentials

The college/high school wage premium increasad from 1963 to 1971, fell from 1871 through
1975. and then rose sharply after 1979. There are two primary types of explanations for these
movements in the college/high school wage differential. The first interprets these changes in
relative samings as represemting change; in the relative marke! price of skils possessed by
coflege and high school graduates.
- The second ype of explanation focuses on changes in Ihe composition of college and high
school graduates that atfect the relative skill levels of the two groups. This type of explanation
interprets the decline in the college wage premium in the 1970s as reflecting a decline in the
relative quality of college graduates and the rise in education returns in the 1980s as reflecting
a decline in the relative quality of high school graduates. Because within-cchort comparisons are

likety to hold the relative quality of college and high school graduates refativety constant, this
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hypothesis suggests one should not find Important within-cohort changes in the college wage
premium. Since movements in the college/high scheol wage differential are quite simifar within
cahons and within exparience lavels over our sample period [Blackburn, Bioom, and Freeman,
1990; Katz and Murphy, 1980], we conclude it is appropriale to view differences in the movement
in the college wage premium in the 1960s, 1970s, and 1980s as largely reflacting changes in the
relative price of college skills rather than as primarily reflecting changes in the relative quality of
college graduates. Thus we turn to evaluating supply and demand explanations for changes In
the relative pn'ce- of college skills.

‘Wa take the overall coilege/high school wage ratio for males and females combined as the
relative price to be explained.®® We amalgamate our 320 groups into two Izbor aggregates:
college equivalent workers and high school equivalent workers, We use the relative quantity of
college and high school equivalenis as our relative supply variable in assessing explanations for
movements in the college/high school wage ratio,

We create our measures of college and high school equivalents as follows. We construct
aggregate labor inputs {using a fixed-weight total supply measure witht weights proportional to
average wages over the 1963-87 period) for each of our four education groups (8-11, 12, 13-15,
and 16+ years of schooling). We treat high school graduates {those with 12 years of schooling)
as pure high school equivalents and we treat college graduates as pure college equivalents, We
allocate other categories of workers (those with less than twelve years of schooling and those with
some college} to our two aggregate groups on the basis of regressions determining the axtent
to which their wages move with the wage of high school graduates and college graduates
respectively. For those with less than a high school degree and those with some college, we
regress the average wage series for each of these two groups on the wage saries for high school
graduates and for college graduates over the 1963-87 period.” (The implicit assumption is that
each group is a flinear combination of college and high school graduates). The regression resulls

suggest that one person with some college is equivalent to a total of 0.69 of a high schoof
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graduate and 0.29 of a college graduate, while & high school dropout |5 equivalent to 0,83 of
high school graduate and -0.05 of a college graduate. We use these coefficlents to allocate the
corresponding quantities of high school dropouts and those with some college to the high school
and college quantities to form the supplies of high school and college equivalents.
We consider the simplest CES technology with two factors (college and high school
aquivalents) 30 that refative wagaes |n year 1, w, (1)w,(t), and relative supplies in year 1, x1(t)/x2(t),

satisfy the relationship

(17 loglw, {fw,() = (110} (D) - log(x; (M},

where ¢ is the elasticity of substitution between coilége and high school equivalents and D(t} Is
the time seres of relative demand shifts measured in log quantity units. ‘Given that there are other
Inputs in the production function, this is 8 conditional factor demand framework which requires
that demand shifts be defined to inciude the etiects of changes in the prices (or equivalently the
supplies) of these other inputs.

The elasticity of substiution is an unknown parameter and the time series of D) is
unobsenvable. Under the assumplion that the gconomy operates on the demand curve given by
equation (17}, a given value of the e!asticﬂ of substitution between factors (¢ = o) implies a

time series of demand shifis:
(18) D) = o, loglw, (iwy(1) + loglx, (x(1)-

The greater the elasticity of substitution between the two factors, the smaller the impact of shifts
in refative supplies on relative wages and the greater must be the fluctuations in D{1) 10 axplain
any given time series of relative prices for a given time series of observed relative quantities.

We take two approaches to developing stories consistent with the obsarved time series on
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prices and quantities. The firsl is to estimate « by running (17) by ordinary least squares under
the assumption that D(t) is approximated by a simple linear time trend. We ara somewhat
skaptical of estimates of « recovarad from 25 non-indapendent time series abservations.
Cur second approach i$ to use equation (18) 1o impute D{) conditional on a choice lor the value
of o. For any given value of ¢, we can evaluate the implied explanation by examining whether
tha implied time series for D{t) matches well with the measures of between- and within-industry
demand shifts developad in the previous section.

The baslc movements In our relative price and relative quantity measures over are sample
pariod are summarized in the top part of Table Vil The relative supply of college equivalents
grew tremendously over this period and the college wage premium increasad substantially. A
regressicn of the log of the ratio of the supply of college to high school equivalents on finear timae
trend for the 1963-87 period yields a coefficient of 0.045 (t=41.5), and the log relative price series
is almest orthogonal to trend. Hence the relative demand lor college equivalents has grown by
about 4.5 percent per year on average over the sample period.

The key question 1o be addressed is the degres to which the time series of the collega
wage premium has been driven by flucluations in the growth of supply versus the extent to which
it has been driven by fluctuations in demand-side factors. Figure IV graphs the detrended wage
and price series in Panels A and B). Since the price series has little trend, the series in Panal A
is quite similar o the overall retums to college series. The quantity series plotted in Fanel B and
summarized in Table Vil reveals some imporiant features, however. supply grew slower than
average from 1963-71, faster than average from 1971 until about 1679, and then slower than
average again in the 1980s. k appears that an explanation emphasizing fluctuations in supply
growth has the potential to explain observed fluctuations in the college wage premium.

Thus the modal in equation (17) in which D(t} is proxied by a finear time trend may it the

datla reasonably well. OLS estimation of this equation for the 1963-87 period yields



TABLE VIl

COUEGE/HIGH SCHOOL RELATIVE WAGES,
QUANTITIES, AND DEMAND SHIFTS

Log Change [muHiplied by 100)
Variable 1863-71 1987-71 191-719 197987 196387 1967-87

Collega/High School 17 ae -t0.4 128 10.0 5.4
Waakly Wage Ralio®

Ralative Supply of Collegs 1o a4 16.6 4c.8 255 97.6 B2.8
High Ezhocl Equivaiants

Mesasured Relstive Damend Shitts — Calieqe/High School®

-Ovarall {Indusing-Occupation) — 4.6 162 a9 _ 248
Between Industry _— £9 6.7 4.6 -— 172
Within Industry —_ 1.3 3.6 52 - 786

2The college/high school weekly wagu ralio is the fized-weighted average of the ratic of the average weekly
wage of fulk-time collage graduates to fult-time high schocl graduates for 16 gender-exparience groups. The
fixed waights tor sach group are the average shares of that group in total emplayment for the 1963-8T periad.
5These demand shift massures ara the corresponding measures from Table Yl aggregated lo maasure shifls
in the i for collage ival) relative to high school equivalents,
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{19) log(w,/wg) = -0.709 * log(x,/x;) + 0.033 * Time + constant,

(0.150) {0.007)
with an R? of 0.52. The estimate of ¢ in (19) implies an elasticity of substitution between college
and high school labor of abowt 1.41. The actual time saries of college retumns and the fitted
valuas from this regression are shown together in Panel C of Figure IV, Tha figure shows that this
maodel does a tolerable job of explaining the movements in the college wage premium except for
the period from the late 1970s 1¢ the early 1980s.

Panel D in Figure IV shows the implied demand series derived from {14) lor elasticities of
substitution of 0.5, 1.41, and 4 with demand normalized to equal © in 1963, The figure illustrates
that there is a one dimensionat family of implied demand shifts (indexed by o) that are consistem
with the observed price and quantity time series. The implied demand shifts range from refatively
sisady demand growlh when ¢ is small (0.5 to 1) 1o demand growth which slows significantly in
the 1870s and acceferates greatly during the 1980s when ¢ is moderate to high,

To see how altemative demand shift scanarios compare with the observed patiern of
between-sector demand shifts calculated in the pravious section, we aggregate Lthe demand shift
measures by education-gender groups presented in Table VI inte demand shifts for colfege
equivalents refative to high school equivalents, Table VIl compares these shifis to movements
in the relative supply of college equivalents. Our demand shift index impiies that the relative
demand for college graduates increased by 10.2 percent from 1971-79 and by 8.9 percent from
1979-87. There is little direct indication of an acceleration in the growth of the relative demand
for more highly educated workers from these demand shilt indices. ©On the other hand, aur
analysis of the nature of the bias in these indices indicates that the demand shift index
understates the "true" between-sector growth for college graduales relative to high school
graduates in the 1980s and overstates the shifts in the 1970s. Furthermore, the overall demand

shift measure masks a combination of a deceleration in measured between industry demand shifts

and an acceleration in meastred within industry demand shifts from the 1970s to the 1980s. The
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measured demand shifts explain about one-third of the implied trend demand shifts consistant

with the observed time series of prices and quartities.

B. Experience Differentials

We next examina explanations for movements in exparience differentials for males over the
1963-B7 pericd. We focus on males since our measure of potential experiance is likely 1o be a
worse indicator of actual experience for women than for men. We take the ratio of the wage of
males with 26 to 35 years of experience (old workers or peak earners) to the wage of males with
1 10 5 years of experience (young workers of new entrants} as the relative price to ba explained,

The path of the log old/young wage differential for all males over our sample period is
presented in Panal A of Figure V. The overall cidiyoung wage differertial for malas was
reasonably constant from the mid-1960s to 1970, increased sharply in the early 1970s, remained
stable in the late 1970s, and increased greatly in the 1980s. The log old/young wage differential
increased by approximately 0.12 over the entire period. The time pattern of the changes in
experience differentials for all men are dominated by changes for those with less than 16 years
of schooling. Panel D of Figure t showed that experience differentials increased markedly from
1979 to 1987 for high school graduates and actually fell for college graduates over the same
period. These sharp differences in a period of rising education differantials are suggestive of the
*active labor market* hypothesis of Freeman (1975) in which changes in the labor market show
up most sharply for new entrants because maore senior workers are insulated by labar market
institutions, such as seniority layoff systems, and valuable firm-specific capital. In particular, the
collapse of new employment oppanunities for less-educated workers in the manufacturing sector
in the 1980s is likely to have had its most severe impact on young less-educated males.

We first examine the ability of changes in the relative supply of more- to less-experienced
workers 1o explain changes in experience differentials. Table 1l indicates ihat the relative supply

of workers with 1 1o 10 years of experience increasad greatly over the entire 1863-87 peried but
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actually deciined in the 1960s as the baby boom cohort workers became mare experienced and
the baby bust cohort entarsd the labor market. This suggesis that the growth In relative supply
of young workers can help explain the secular growth in experience differentials but will have
trouble explaining changes In the 1980s.  On the other hand, the fraction of workers with 11 to
20 years of experience graw rapidly in the 1980s, and it is & priorl unclear how an expansion of
Lhe supply of workers in this group affects the eamings of new entranis relative to peak earners.

We attampt to deal with the issue of how multi-dimensional changes in the age structure
of the labor torce affect the relative earnings of old to young workers by using & relative supply
variable that aggregates all exparience groups imo two greups (old and young equivalents). Tha
construction of this variable 13 exactly analogous 1o the construction of coliege and high school
equivalants above, We treat workars with 26 1o 35 years of experience as pure old equivalents
and those with 1 to § years of experience as pure young equivalents. We allocate workers in the
five other B-year experence brackets (6-10, 11-15, 16-20, 21-25, 3640 years) to our wo
aggregate groups on the basis of regressions (without intercepts) of their wages on tha wages
of thosa with 26-35 and 1-5 years of experience=

We display the time path of the log relative supply of young to old equivalents in panel B
of Figure V. The basic movements In the relative supply of young to old equivalents look quite
similar to a smoothed version of the changes in the cid/young wage ralio illustrated in panel A
of the figure, In particular, the lang-term growth in experience differentials is quite consistent with
the long-term increase in the share of young equivalent workers, Yet the timing of the changes
in experience differentials {particularly movements in the mid-1670s and the t880s} does not
malch up well with the smoothly declining rate of growth af tha reiative supply of young
equivalents.

These points are brought ot by a comparison of movemnents in aclual experience
differentials and the predicted values from a regression over the 1963-87 of the log oldjyoung

wage ratio on the log relative supply of old 1o young equ'r\.valerlts.za The actual and predicted
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values from this regression are contrasted in panel C of Figure V. The regression does a good
job of qxpiaining the secular growth In exparence ditferantials but fails to explain the sharp
increase in the 1980s. The active labor market hypathasis suggests that a weak market for less-
educated workers may help explain widening experience diferentials for less-educated workers
sce young less-educated workers will bear the brunt of adjustmaent to changing market
condition, The addition of the log of the overall collage/high school wage ratio to our specification
(essentially as a proxy for relalive demand shifts in favor of older workers} improves the ability of
the regression to explain movemems in overall experience differentials as is 'iuustraled In panel
D of Figure V.>* Relative supply movemenis combined with the state of the labor market for

educated workers go a long way toward explaining changes in experience ditferentials for men.

Vil. CONCLUSIONS

A simple supply and demand framework helps illuminate many aspecis of changes in the
U.5. wage struclure, The relative wages and quantities of more-educated warkers and women
increased substantially from 1963 to 1987. Within group and overall wage inequality also
increased sharply over this period. Substantial secular growth in the demand lor more-educated
workers, females, and "more-skilled” workers withir'\ groups is necessary 1o interpret e observed
changes in relative wages as changes in compelitive skill prices. Measured changes in the
allocation of labor demand between sectors (150 industry-occupation cells} can accounl for a
large minority of tﬁe secular demand shifts in favor of groups with rising relative wages. Demand
shifts arising from changes in intérnational change in manufacluring only start to be of quantitative
significance with the appearance of large trade deficits in the 1980s. The majority of the required
demand shits in favor of more-educated workers and lemales reflect difficult to measure changes
in within-sector relative labor demand. Recent work by Krueger [1991] suggests that the spread
of compuiers in the workplace may ba an important component of these within-sectar changes

In the composition of labor demand.
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The pattarn of changes in the wage structure differed substantially in the 1860s, 1970s, and
1980s. The college wage premium increased moderately in the 1960s, declined Inthe 1870s, and
axpanded dramatically in the 1880s. Difterences across the three decades In the rate of the
growth of the supply of college graduates as a fraction of the labor force appaar o play an
impartant role in explaining these large differences in the behavior of the relative earmings of
college graduates. Fluctuations in the rate of growth of relative supply do not greatly help
illuminate differences across decades in changes in the male/ffemale wage differential.
Whihin-group earnings inequality was stable In the 1960s and has increased steadily since the
sarly 1970s. The difierences in the lime pattern of rising education differentials and rising within-
group inequality suggest that they are at least partially distinct economic phenomena.

Much recent work indicates that economic pressures towards increased inequality and skill
differentiais arising from between-industry shifts in labor demand and skill-biased technological
change appear important in most OECD economies in the 1980s [e.g. Gottschalk and Joycs,
1981; Katz and Loveman, 1990]., Ahhough wage struciures appear to have started 1o expand in
amost all QECD countries by the middle of the 1980s, \he magnitude of the changes vary
substantiafly. The extent o which this divergence in wage structure changes across countries
is explained by ditierences in the supply and demand factors emphasized in this paper as

opposed to differences in wage-setting institutions is an important topic for future research.
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Notes

1. See, for example, Blackburn, Bloom, and Freeman [1990), Bound and Johnson [1992], Juhn,
Murphy, and Pierce [1989], Karoly [1990], Kalz and Revenga [1989], Levy and Murnane [1991],
and Murphy and Walch [1992].

2. Potentlal experience |s calculated as min(age - years of schooling - 7, age - 17) where age is
the age at the survey date.

3. Weeks worked are available only on a brackeled basis for survey years prior 1o 1976, To
impute weeks worked for the 1964-75 surveys, we divided the wage sample for the later survey
years into cells defined by the weeks worked brackets used in the earlier surveys and sex. We
used the means of weeks worked for these cells from the 1976-B8 surveys as our eslimates of
weeks worked for individuals in the corresponding cells in the earlier surveys.

4. The Census began using a finer classification of observables to impute wages for workers who
failed to report wages in the 1976 survey. Since information on which workers had imputed
wages is not available for the years 1963-66, one can't a construct wage series using only
workars without imputed wages for our entire sample period. To adjust group average wages for
changes in the imputation procadures, we multiplied the average wages in each cell for the years
1963-75 by a time-invariant, cell-specific adjustment factor. The adjustment factors were picked
1o Impase the condition that the average percentage wage differance between the wages of all
workers and thosa of workors without wage imputations were the same in lhe 1967-75 and 1975-
87 periods. -Ouwr qualitative findings for the 1967-87 period are quita similar when we use our
adjusted series including workers with imputed wages and when we use only workers without
wage imputations. See Lillard, Smith, and Welch [1986] for a discussion of the changes in
.techniques to impute missing data implemented wilth the 1976 survey.

5. Total hours worked for group j in year 1 is given by x hy wy, where i indexes individuals, h is
annual hours worked, and w is the CPS sample weight. Usual weekly hours for the previous year
are only available in the CPS since 1976. For survey years 1964-1975, we use hours worked
during the survey week to measure of usual weekly hours in the previous year. For individuals
who did not work during the survey week, we imputed usual weekly hours using the mean of
hours worked iast week for individuals of the same sex and same full-time/part-lime stalus who
reponed hours worked last week on that year's survey.

6. We compute reaf wages by deflating nominal wagas in each year by the implicit price dellator
for personal consumption expenditures from the National Income and Product Accounts.

7. We refer to 100 times log changes as percentage changes in this section,

8. The female/male wage ratios reparted in Lhe ligure are computed by lirst scrting the data into
cells defined by education level and five-year potential experierice intervals. The reporied
famale/male wage ratios ere fixad-weighted averages of the ratios of the average weekly wage
of females to the average weekly wage of males in each cell where the fixed weight for each cell
Is the cell's average share of lotal employment over the entire 1963-87 period, The wage ratios
reported in the other panels of Figure [ are analogous fixoed-weightod averages of wage ratios lor
cells defined by gender, aducation level, and five-year experience interval,

8. The use of these relative wage and guantity measures carn be lormally justified as follows, We
first assume the aggregate produciion function can be written as y, = &F(X) where 4, indexes
the state of 1echnology of ihe economy and F( ) is concave. The concavity of F({ )} implies
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!Fx(xt) - Fx(x-r)]l(x! - xr) <0,

whereg F 15 the Kx1 vector of derivatives of F with respect to the K inputs. Under the assumption
that marginat products are set equal to factor prices, we have W, = ¢F (X) for alt t so that the
inequality can be rewritten as

[(W/e) - (W e )E (X - X,) = 0.

Ht we further assume that there are constant retums to scale in preduction so that F( ) is a linear
homogeneous function, then F (kX) = F (X} for any scalar k. Thus, W, = #F (kX) and W, =
¢,F (k%) for any scalars k and k,. This implies that the inequality

[(Wia) - (W eg)] (kX - ke Xo) £ O

also holds for any scalars k and k,. This final inequality ls the form of (4} that we use in our
empirical tests. We approximate the level of productivity at time t, #, using the value of our wage
index N'W, and we multiply the factor quantities X, in year t by one over the total supply in
efficiency units.

10. We focus on gender-education groups because differences in industrial distributions by sex
and education are much more significant than differences by experience level.

11. Bacause of incompatibilities between the Industry and eccupalion codes available in the 1564-

1967 CPS surveys and those in the |ater surveys, we limit our analysis of shifts in labor demand
arising Irom shifts across industry and occupation cells to the 1967-87 period.

12. Daviz and Halttwanger [1991] and Gottschalk and Joyce [1991] similarly report for the 1980s
that the within-industry employment shares incraased of groups with increases in relative wages.

13. This proxy lor 1he percentage change In demand for demographic group k can be written as
5 A, (AE/E) where | indexes industry, E; is 101al employment of all demographic groups in
industry |, & = E/(zE) in a base year, and By is the employment of group k in industry §.

14. Katz, and Murphy [1990] show that this demand measure is appropriate even In the presence
of within-sactor, factor-nautral technological change.

15, Our basic qualitative findings concerning measured demand shifts are insensitive to cholce
of base year,

16. See Borjas, Freeman, and Katz [1992] and Murphy and Welch [1921] tar mare detailed
treatments of the effects of intematicnal trade flows on relative labor demands,

17. This demand shift index has the proparty that 5, T\E* = 0. Murphy and Welch [1991] provide
a formal justification for this type ot demand shift index.

1B. We replace the first term on the right-hand side of the equation (16) with
(1/E) z{[e} Ex(XYi] - [P} Ea(MYI}.

where X measures exports, M measures imports, and p! is group k's average share of production
worker employment in industry | over the 1967-87 period. We class#y as production workers
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those workers in the manulacturing seclor In the following broad occupational categories: craft
warkers, handlera and laborers, operatives, ranspon operativas, and service workers,

19, Abowd (1921) provides a delailed discussion of this data set and the construction of trade
data on a four-digit SIC industry basis. The data on output and employment in each industry
given by the NBER data set are from the Annual Survey of Manufactures.

20. In this section, we measure the coilege/high school wage ratio as the lixed-weighted average
of the ratio of the average weekly wage of college graduates to the average weakly wage of high
schoot graduates for 16 cells defined by sex and five-year exparience brackets. The fixed weight
for each cell is the cell's average share of total employment over the 1963-87 period. This series
is plotted in Panel B of Figure 1 as the college/high school wage ratio for all experience levets,

21. The regressions da nat contain Intercept Lerms,

22. Onthe basis of thase ragressions, we define the number of old (N_) and of young equivalents
(N) as:

C Ny = Ry +.92%n; + 860y + .53%n, + .38%n; + .07*n, -07"n; - .01*ny

N, = .23*n; + .39%n; + .66™n, + .77*ng + .97*ng + 1.037*n; + .98*n,
where  is the fixed-weight total supply of workers in the jth five-year experience group (i.e. i,
is the supply of those with 1 to 5 years of experience, etc.).

23. This regression yielded a coefficient (standard error} of .0.342 (0.032) on the log relative
supply variable and an RZ of 0.83.

24. The regrassion of the log relative earnings of old 1o young males (AE) an the log ralative
supply of old to young equivalents (RSUP) and the log of the overall college/high school wage
premium (CHSPREM) yields a coefficient (standard error) of -0.348 (0,028) on RSUP and of 0.292
{0.166) on CHSPHEM and has an RZ of 0.87.




