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1. Introduction

In recent years economists have dedicated considerabidiatt to the study of the causes and implications
of the sustained increase in the skill premium in the U.Stietafrom the late 1970'4. This literature has
provided interesting insights on the economic forces dgwhe relative demand for skilled workers and
their relative wages over the course of the last 25-30 years.

It is fair to say that economists have, instead, paid consiilg less attention to the analysis of the
cyclical behavior of aggregate employment and wages deskiind unskilled workers in the same sample
period. Skilled labor has been traditionally thought of amg relatively insulated from business cycle
fluctuations, with most variations in aggregate hours ofkming accounted for by changes in unskilled
employment (Kydland, 1984 and Keane and Prasad, 1993).idrp#per we document that this has not
been the case in the last twenty years. Since the mid-198§gegate hours worked by individuals with a
college degree (“skilled”) have become as procyclical ad,sightly more volatile than, the hours worked
by individuals without a college degree (“unskilled”). Theclical properties of the latter have, instead,
remained roughly constant relative to aggregate output aresample period. This dramatic increase in
the cyclicality of skilled labor has received some attemiiothe popular press, but has not been extensively
documented, quantified or formally discussed by acadenuidars In this paper we first document and
then try to formally explain these trends. A central featf@ur analysis is that it is tightly connected to

the extensive literature on the low frequency dynamics efstill premium.

Empirical Analysis. We first use the Current Population Survey (CPS)’'s Mergedy@nt) Rotation
Groups to construct quarterly measures of the quantity aicd pf hours worked by college educated and
non-college educated workers for the sample period 19200B:4. To compute the quantity and price of

labor of each skill group, hours worked by different individis are aggregated controlling for composition

2For a recent review of this literature, see Acemoglu (2002).
3See, for example, the 1996 article by Paul Krugman and th2 aikle by Alan Krueger in the New York Times. The former

writes that: “As economists quickly pointed out, the ratevhich Americans were losing jobs in the 90s was not espgdiidh by
historical standards. Why, then, did downsizing suddeelgoine news? Because for the first time white-collar, collgjecated
workers were being fired in large numbers, even while skiftedthinists and other blue-collar workers were in high deindinis
should have been a clear signal that the days of ever-risaggwremia for people with higher education were over, boetmw

nobody noticed.” Below we review the related empiricalrkitiire.



effects. These data reveal a striking change in the cydiieabvior of aggregate hours worked by skilled
individuals around 1984. Whereas aggregate hours for ledkivorkers follows closely the behavior of
real Gross Domestic Product (GDP) and becomes substgrigall volatile after 1984, the corresponding
series for skilled workers becomes slightly more volafil@is motivates us to split the sample in 1984 and
to consider the two sub-periods separately.

In the 1979:1-1983:4 sub-period, detrended aggregatesheanked by skilled individuals are not very
volatile, with a standard deviation relative to GDP of 0.87stead, the unskilled labor input is roughly as
volatile as GDP, with a relative standard deviation of 0.97.

In the 1984:1-2003:4 sub-period, instead, the relativatiliyy of skilled hours increases to 1.04, a
figure that actually exceeds the corresponding one for lledKiours (0.90). This pattern is dominated by
an increase in the relative volatility of skilled employmeather than average hours per employed worker.
The behavior of unskilled hours relative to GDP remainsdalsi the same as in the first sub-period. In
contrast to the change in the behavior of skilled hours, kileggemium has remained essentially acyclical

and not very volatile relative to GDP throughout the entample period.

Theory and Empirical Implementation. Our second goal is to provide an analysis of the increase in
the cyclical volatility of skilled hours. We base our anadysn a simple relative demand/supply framework.
On the demand side, we consider the problem of a competédjwesentative firm optimally choosing its la-
bor inputs and capital stocks for given input prices, tetbayg and business cycle shocks. Consistently with
recent empirical literature on the low-frequency behawabthe skill premium (see e.g. Krusell, Ohanian,
Rios-Rull, and Violante, 2000), we postulate that the potidn function exhibits capital-skill complemen-
tarity. On the supply side, since we find the skill premiumeéaelssentially acyclical, we assume preferences
that yield a constant skill premium at the business cyclgueacy.

In equilibrium, capital-skill complementarity impliesahskilled hours are cyclically less volatile than
unskilled hours. To see this, consider for example a resessin a recession, demand for skilled and
unskilled hours drops. However, given that the stock oftedeiquipment changes slowly at high frequen-
cies, capital-skill complementarity in production incsea the relative demand for skilled hours, leading to a
smaller reduction in the quantity of this type of labor inp0i (1962) and Rosen (1968) call this mechanism

the “substitution hypothesis”.



Our main hypothesis is that there has been a structural aeeia the degree of capital-skill comple-
mentarity that occurred sometime between the mid to lat®'$980 make it operational, we calibrate the
parameters of the model to account for the slowdown in thevtireate of the skilled premium since the late
1980’s. The latter occurred despite the dramatic increatdeeigrowth rate of the stock of capital equipment
in the same period.

In addition, we show that the capital-skill complementaptoduction structure also implies that the
relative volatility of skilled hours is inversely relateol the absolute volatility of GDP (and unskilled labor)
and positively related to the level of the stock of capitalipqent relative to skilled labor. We also find
evidence for these two channels and evaluate their cotitibto the higher volatility of skilled hours.

Our calibration exercise suggests that these three mesthamian jointly account for about sixty percent
of the increase in the relative volatility of skilled houihe main effect, from a quantitative point of view,
comes from the reduction in the degree of capital-skill ctamgntarity, followed by the lower volatility of

GDP and unskilled labor.

Related Literature. This paper is related to several literatures. Our stylizadsf for the 1979-1984
period confirm the findings from previous work. Using micr@dspanning the 1970s and early 1980s, Kyd-
land (1984) and Keane and Prasad (1993) also provide ewadeat employment of skilled workers is less
cyclical than its counterpart for unskilled workers, andaike and Prasad (1993) also find the skill premium
to be acyclicaft In Section 5 we ask whether this pattern extends back to the360’s. Using annual data
from the March CPS, we instead document that aggregatedlalinployment has been relatively acyclical
only in the 1976-1983 period. In the 1963-1975 period, thatiidies of skilled and unskilled labor were
not significantly different. We then discuss the implicas®f this finding for our main hypothesis.

A few formal models have attempted to rationalize the lowedlicality of skilled hours. Kydland
(1984) and Prasad (1996) extend the representative agegiusness cycle model to allow for skilled and
unskilled workers, but rely on exogenous mechanisms to rekiked labor more volatile. Young (2003)
and Lindquist (2004) consider calibrated general equiliormodels with capital-skill complementarity in
production, with the goal of explaining the acyclical belbawf the skill premium in the last 25 years. They

analyze the same data as we do, but do not split the sampléemddre fail to detect the dramatic increase

4Previously, Reder (1955) had found some evidence that th@stmium was countercyclical in the 1930's and 1940’ hig

study did not control for composition effects.



in the volatility of skilled hours since 1984,

A growing literature, reviewed by Stock and Watson (2002% tlocumented and discussed the reduction
in the volatility of GDP and aggregate hours that occurrediad 1984. As far as we are aware, we are the
first to provide a comprehensive documentation of the charidpe cyclical behavior of skilled and unskilled
hours that occurred also in the mid-1980’s. This decomjaowsis interesting because, while unskilled hours
follow closely the behavior of GDP, skilled hours display exy different pattern. Farber (2005) provides
some independent evidence consistent with our findinggubkm Displaced Workers Survey supplements
of the CPS

Finally, this paper is related to the recent literature anlthw frequency dynamics of the skill premium
(see Acemoglu, 2002, for a review). Katz and Murphy (1992) Knusell et al. (2000), among others,
have argued that the decline of the skill premium in the 19#0id its increase in the early 1980's are
consistent with a simple supply/demand view of the laborketdr Our formal analysis is based on the
capital-skill complementarity framework developed by &&li et al. (2000). We use the long-run trends in
the skill premium and the production inputs to calibratekég parameters of the model, and then evaluate
its implications for the business cycle. Importantly, l®ard and DiNardo (2002) and Beaudry and Green
(2002), we find strong evidence of a slowdown in the demanadtiege educated workers in the 1990’s.
In calibrating the model, we capture this slowdown by allogvior a reduction in theegreeof capital-skill

complementarity since the late 1980’s.

5Both papers focus more on the behavior of prices (the skillminm) than on allocations (relative hours worked). When
focusing on the entire sample 1979:1-2003:4 we find that oygiécal results concerning the correlation of the skifmium with
output are similar to the ones reported in Young (2003) amdduiiist (2004). However, contrary to Lindquist (2004), amdilarly
to Young (2003), we find that the skill premium is significgri#tss volatile than output. This discrepancy might be drpld by
the fact that Lindquist (2004) defines skilled (unskilledjges as the average of hourly wages across skilled (urthkillerkers.
Instead, we define skilled wages as the ratio of total weelilyiags by skilled workers and their total hours. The défere
between these two approaches is that the former weightadillidual wages equally while the latter uses individuatdative

hours as weights.
81t is important to notice that, differently from Farber, winzuses on involuntary separations between workers antbgeng,

our analysis is centered around the behavior of aggregais arked by each skill group.
"These two papers differ in one important dimension. Katz Mndphy (1992) argue that the dynamics of the skill premium

in the period 1963-1987 can be explained by variations irr¢ketive supply of skilled workers combined withcanstantrate of
growth of skill-biased technological change. Krusell e(2000), instead, argue that thecelerationin the growth rate of capital

equipment since the late 1970’s, plays a major role in adiogifor the increase in the skill premium in the 1980's.



The remainder of the paper is organized as follows. In Se@iwve present and discuss the stylized
facts about the behavior of the skilled and unskilled lainguts and their relative price that are the object
of our empirical analysis. In Section 3 we discuss our hygsithfrom a qualitative point of view. Section 4
presents the quantitative results. Section 5 presents esmpieical evidence for the pre-1979 period. Section
6 discusses alternative explanations for the higher Vityatif skilled labor. Section 7 concludes. Appendix
A.1 contains additional information regarding the datap@mdix A.2 presents details on robustness of our

stylized facts to possible composition effects. Appendi® éonsiders the Canadian evidence.

2. Empirical Analysis

Our goal in this section is to document the business cycleuayes of total hours, employment, weekly
working hours per employed worker, and relative wages dfeskand unskilled individuals. An individual

is “skilled” if he/she has obtained at least a four-yearexd degree. In order to construct “skilled” and
“unskilled” aggregates for these variables we take an efiiy units approach, analogous to that of Katz

and Murphy (1992) and Krusell et al. (2000).

2.1. Data

The main data set we use is the Merged Outgoing Rotation Gr@RG) extracts from 288 Monthly
Current Population Surveys (CPS), prepared by the NBER amdrig the period from 1979 through
20038 The MORG represents the only comprehensive sejusirterly data with information regarding
individual weekly hours and, especially, wages. One drakl& that these data are available only since
1979, leaving us with a relatively short sub-sample befloeclio84 break date. The latter, however, includes
one of the deepest recessions after WWII, the 1981-82 rieceda Section 5 we complement our analysis
with yearly March CPS data on employment, which allows usxteral the sample period to 1963-2002.
This pre-1979 evidence is important because it allows uge$b gome of the implications of our main
hypothesis regarding the structural decline in the degfempital-skill complementarity and distinguish
them from alternative explanations. We postpone the disonf these findings to Sections 5 and 6.

Each monthly sample contains about 30,000 individuals vhie associated with a sample weight and

8More details on the data and the variables are provided ireAg A.1.



are representative of the U.S. population. In what follovesalways use these weights to aggregate indi-
vidual observations. We organize the data by quartersngng with 100 observations for the variables of

interest. These 100 quarters include four NBER-definedssioes (1980:1-1980:3, 1981:3-1982:4, 1990:3-
1991:1 and 2001:1-2001:4).

For each quarter, we restrict attention to individuals im ldbor force between 16 and 65 years of age
that are not self-employed, to concentrate on paid earnifjsr applying some standard sample selection
criteria to deal with missing observations and coding ervee end up, for each quarter, with a cross-section
of about 45,000 representative individuals, of which, cerage, about 10,000 hold at least a college degree.

The variables we use to construct measures of employmerti@amnd of work for skilled and unskilled
workers are: employment status, usual weekly earninghu§ive of overtime, tips and commissions), usual
weekly hours worked, and a series of demographic variabiels as age, sex, race and years of education.

Weekly earnings are top-coded in the CPS. The top-code waedstwice during the sample, at the end
of 1988 and at the end of 1997. We imputed top-coded earningaultiplying every top-coded value in the
sample by 1.3. This adjustment factor ensures that aveagégs in the top decile remain constant from
December 1988 to January 1989 (when only a very small nunfldyservations is top-coded). It turns out
that the same adjustment factor works for 1997. For eachtequaeal weekly earnings are computed by
deflating nominal weekly earnings by the Consumer PriceXdii@®l1). Real hourly wages are computed as
real weekly earnings divided by usual weekly hours.

The variables of interest are defined in more detail as falow

Employment. Aggregate employment for skilled (unskilled) individuatsa given quarter is just the sum
of skilled (unskilled) individuals, weighted by their salimg weight, who report to be employed in
that period. Aggregate skilled employment grew over theameriod at the average rate of 3.3
percent per year, against an yearly growth rate of 0.8 pexennskilled employment. Thus, the
skilled share of aggregate employment went from about 18egmérin 1979:1 to approximately 29

percent in 2003:4.

Total Hours. To construct a measure of total hours worked by skilled (ilies individuals in a given

quarter we adopt an efficiency units appro&chhis amounts to using some time-invariant measure

9This is a point of departure of our empirical analysis fromui¥g (2003) and Lindquist (2004), who do not control for oyali



of individuals’ hourly wages as weights when aggregatirggitburs worked by different individuals.

When looking at business cycles, one advantage of this guoeés that it controls for compaosition

effects. For example, if labor force quality is counter@yal, then a simple aggregation of hours
across workers is likely to introduce a countercyclicalsbimthe measure of the real wage and ex-
aggerate the volatility of hours over the cyéfeWe first partition the sample into 240 demographic
groups. Demographic groups are constructed using infeomain individuals’ sex, age, race and

education. First, for each quarter and for each demograpbigp in our partition, we compute total

weekly hours worked by individuals in that group and thescasated total earnings by summing up
the individual data. This amounts to assuming that indiziglin each demographic group are perfect
substitutes. We then divide total weekly earnings by totalrh to obtain a measure of the hourly
wage rate for that demographic group. A group’s averageljhewage rate across all quarters is then
used, together with its sampling weight, to aggregate holunsrk across demographic groups. Total
hours for skilled (unskilled) workers in a quarter are thefirted as the weighted sum of total hours
worked by demographic groups composed by skilled (unsRilledividuals. These two series are
reported in Figure 1. This figure documents an increase at boiurs throughout the sample period,
at a significantly higher pace for skilled workers. As sugggsbove, the main driving force was an

increase in the relative employment of skilled workers.
Average Weekly Working Hours. This variable is defined as Total Hours divided by Employment

Hourly Wage. To define the hourly wage for skilled (unskilled) individsale divide the sum of weekly

earnings across the appropriate demographic groups by easure of total hours.

Skill Premium. The skill premium is defined as the ratio of hourly wages ofesttiand unskilled workers.

It is also represented in Figure 1. The figure documents aytearease in the skill premium in the

changes in the demographic composition of skilled and lleskemployment. Also, Young’s (2003) reported statistiomputed
using the MORG data (Table 1, page 24) suggest that he isifgcasaveragehours worked by employed individuals, rather than

total hours (which are significantly more volatile).
10Rather than focusing on hours in efficiency units as a way &samme the aggregation bias, several papers in the literatu

have alternatively exploited the panel dimension of thadatorder to control for worker characteristics - see Bil8g85), Solon,
Barski, and Parker (1994) and Keane and Prasad (1993). pergthat have also used an efficiency units approach seeiilans

(1993), Kydland and Prescott (1993) and Bowlus, Liu, andifan (2002).



last two decades, 22 percent between 1979:1 and 2003:4awltwer growth rate in the 1990’s.

[Figure 1 about here.]

2.2. Stylized Facts

In what follows we are interested in the behavior of the giyaind price variables described above at the
business cycle frequency. The raw series of all the vaigsadmasidered in this section, like the ones in Figure
1, typically display a trend, seasonal cycles, and fluabaativith higher frequencies than standard business
cycles. In order to deseasonalize the series we use the £€Boseau’s seasonal adjustment program, X12.
In order to smooth the high frequency variations in the dat,applied a centered five quarters moving
average to the seasonally adjusted séfie§inally, each series is detrended using the Hodrick-Ptesco
(HP) filter with parameter 1600, as is standard with quartasita.

Figure 2 shows the cyclical behavior of total hours per gkibbup, together with real GDP. A quick
glance at this figure reveals a clear difference betweeniieafid the second halves of our sample. In the
first two NBER recessions (1980 and 1981-82), the unskildxai input is strongly procyclical and essen-
tially as volatile as output? The skilled labor input, instead, is not very volatile. Thstltwo recessions
(1990-91 and 2001) display a remarkably different patténe: skilled input becomes strongly procyclical

and essentially as volatile as both GDP and the unskilledtinp
[Figure 2 about here.]

This dramatic increase in trabsolutevolatility of skilled labor is remarkable because, as doentad
by McConnell and Perez-Quiros (2000), Stock and WatsonZp80d many others, the volatility of most

macroeconomic aggregates has declined since the midsl980’

[Figure 3 about here.]

11This high frequency noise is likely due to measurement erhorfact, it becomes more significant for more disaggregated
time-series, such as the ones underlying Tables 7 and Shvalnicbased upon a smaller number of observations. Filtesirmy
the high frequency fluctuations in the data does not sigmifigaffect the stylized facts emphasized in this sectiohe Tables

presented in this section, obtained using deseasonalitadchbltered data, are available from the authors upon r&que
12NBER recessions are represented by the shaded areas inutee fig



In Figure 3 we present the rolling standard deviations of GIDRkKilled and skilled hours. In each
quartert the figure represents the standard deviations of the cyclizaponent of these variables computed
using observations fromto t + 40. As the figure shows, around the mid-1980’s the standard tiengof
all variables settle down to a new level, which is signifiatdwer than in 1979 for GDP and unskilled
hours, and is actually slightly higher for skilled hours. dar view this is the main puzzle that has to be
addressed: why didn'’t skilled hours become less volatileusiness cycle volatility declined?

Using formal tests McConnell and Perez-Quiros (2000) dagebreak in the volatility of the growth
rate of GDP to 1984:1. Based upon this evidence, we splitdhgpte in two sub-periods around 1984:1.
For each of the two sub-samples 1979:1-1983:4 and 198432:20we characterize the cyclical behavior
of skilled and unskilled labor®

Table 1 summarizes the cyclical properties of total hourerark by skill group and in the aggregate,
before and after 1984 In this table we also decompose the fluctuations in total oo variations in
employment (extensive margin) and in working hours per eygd workers (intensive margin). In the “Rel-
ative Volatility” columns we report the standard deviatiointhe cyclical component of a variable relative
to that of real GDP. The “Comovement” columns, instead, rejh@ contemporaneous correlation between

the cyclical component of a variable and the cyclical congmbrof real output.
[Table 1 about here.]

From this table we observe that, even though the statigticgierties of aggregate hours tend to be
similar across the two sub-samples, there is a significaouatof heterogeneity across skill groups. We

draw two main conclusions:

Stylized Fact #1. Before 1984 total hours worked by skilled individuals aregyrclical but not very volatile
relative to GDP. After 1984 their relative volatility negrtriples. This result is driven by an increase

in the relative volatility of skilled employment after 1984

13The statistics we present in the following subsections abeist to variations in the break date. We obtained very aimil
results with alternative break dates, at 1986:4-1987:H<point of the expansion that started at the trough (198%:#)e 1981-82

recession and ended at the onset of the 1990-91 recessi@dt§)Pand at 1989:4-1990:1 (just before the 1990-1991ssi0R).
14aggregate hours are obtained by aggregating the hours wdnkell individuals in the sample, following the efficiencyits

approach described in Section 2.1.
5|nterestingly, using Canadian household survey data (aBorce Survey) on skilled and unskilled employment foriagod



Stylized Fact #2. The cyclical properties of total hours worked by unskilledividuals remain roughly
constant relative to GDP after 1984. Specifically, theiatele volatility remains virtually unchanged

and close to oné®

Despite the changes in the cyclical behavior of quantitiesdo not observe a significant change in the
behavior of prices. Table 2 summarizes the cyclical bemafizvages and the skill premium by skill group

and in the aggregate, before and after 1984.

[Table 2 about here.]

This table shows that, even though the relative price ofegkibbor became more volatile after 1984, its

correlation with GDP is basically zero in both samples. Oarmtonclusion is thus that:

Stylized Fact #3. The skill premium is acyclical both before and after 1984.

2.3. Ruling Out Explanations Based on Composition Effects

As mentioned in Section 2.1, we follow an efficiency unitsraggh to aggregate individual hours data for
skilled and unskilled workers. This procedure allows onedotrol for cyclical variations in the quality of
the labor force. However, it is not sufficient to rule out athges of composition effects due to the fact
that the structure of the economy is changing over time. ilgbction we briefly address the main concerns
regarding the role of aggregation in explaining the styifacts of the previous section. Our conclusion is
that these empirical observations are not an artifact ofeagdion. For sake of conciseness, in this section
we summarize our main findings on this issue. The interest&der can find additional details and tables in

Appendix A.2.

Sectoral Composition. Do the statistics reported in Section 2.2 reflect the diffeidistribution of
skilled and unskilled employment across sectors? It coaldrigued, for example, that the 1980 and 1981-

82 recessions mainly affected the manufacturing sectoerevmost of unskilled employment tends to be

1976:1-2002:4 we have found a similar pattern. Specificttigre has been a dramatic increase in the volatility andowement
of aggregate employment for college educated workers ira@aafter 1984. Details on these data and on the cyclicakpiiep

of labor in Canada are contained in Appendix A.3.
16Unskilled total hours display a one quarter lag with respedBDP in both subperiods. Notice that the contemporaneous

correlation of GDP with unskilled hours, employment, angeesally average weekly hours drops after 1984.

10



concentrated, while the subsequent recessions affeditd/edy more the service sector, where most of
skilled employment tends to be concentrated. To addresscdricern, we constructed an artificial time-
series for the cyclical component of skilled labor by impgsthat the share of aggregate skilled hours
worked in each one-digit industry is equal to the analogdasesfor unskilled hours (see Appendix A.2
for details on this new series). The cyclical propertieshis artificial series are very similar to the ones of
the original series. In particular, its relative volatilin the second sub-period is 2.4 times larger than in
the first sub-period. The comparable figure for the origimaies is 2.8-” Thus, even after controlling for
differences in the composition of hours across sectorse thas been a significant increase in the relative

volatility of skilled hours since 1984.

Occupational Composition. Similar to the previous point, it may be possible that SgdiFact #1 is due
to the fact that skilled workers are particularly concetemian occupations that have become more cyclical
since 1984 or that skilled labor has become more and moreogegbin traditionally unskilled occupations.
To address these concerns we have computed the volatilitc@movement with aggregate GDP of total
hours by skill group and one-digit occupation. This disaggted analysis (see Table 9 in Appendix A.2)
shows that after 1984 skilled total hours tend to be signiflganore volatile and procyclical in all the three
major occupations for skilled workers. Instead, the cytlaroperties of unskilled total hours in these same
occupations do not change in an important way after 1984.I¥¢dfiad that the share of skilled employment
in each of the four major occupations for unskilled workdirse€ 3 to 6 in Table 9) has been remarkably
stable during the sample period. These observations,ftieredo not lend support to the hypothesis that

aggregation effects related to the occupational composdf the workforce can explain our results.

Males vs. FemalesCan the increased volatility of aggregate skilled hoursxygaéned by an increase
in the labor force participation of women in the last 25 y&a@ur concern is that women’s hours might be
more cyclical than men’s due to their higher elasticity adidasupply. To control for potential compositional
effects, we restricted attention to the sub-sample of whitdes workers aged 31 to 55. The results of this

exercise (see Table 10 in appendix A.2) not only confirm oylizetd facts #1 and #2, but also contribute

17A related question is whether the increased volatility dfett hours is due to an increase in their variances at thessdevel,
or in their covariances. Decomposing the increase in thiavee of total skilled hours relative to GDP into these twmponents
reveals that approximately 70 percent of this increase éstdihigher sectoral variances and the remaining 30 perodmigher

sectoral covariances.
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to show that the phenomenon we are documenting affects gocgtef workers (skilled white males with
some work experience) that has been traditionally thouflmsaelatively insulated from business cycle

fluctuationst®

Skills vs. Education. The share of the labor force accounted for by workers with leege degree
has increased steadily over the sample period, from 18 pemtd 979 to 29 percent in 2003. This trend
might have been accompanied by a change in the distribufiomodkers’ unobserved skills for at least
two reasons: a reduction in the quality of college educatieer time and/or a change in the pattern of
selection into college education. For both reasons, werkdro obtained a college degree in more recent
years could have less unobserved skills than college estligairkers from older cohorts. This composition
effect might explain the higher volatility of aggregate oworked by college educated individuals after
1984. In order to partially address this concern, we chawngedlefinition of skilled labor. Skilled workers
are now those with at least a master’s degree (or with at léagears of school attendance), and unskilled
workers are all the remaining. Underlying this approacthésitiea that the composition effects mentioned
above would mostly affect the unobserved quality of indixits who have obtained a college degree after
1984, and relatively less the quality of individuals obiagha master degree. We repeated the analysis of
Table 1 using this alternative definition of skill (see Tablein appendix A.2). The results clearly indicate
that the standard deviation of aggregate skilled hoursibas dramatically after 1984, even adopting this
more restrictive definition of skill§? As further evidence that there has not been a reduction ifstik
content” of a college degree relative to a high school oneg @ad DiNardo (2002) document that the rise in
the skill premium since the early 1980’s has been concematranong younger workers aged 26-35. Thus,

it seems unlikely that changes in the distribution of unolese skills can explain our Stylized Fact #1.

18Fgcusing on female, rather than male, workers yields quiadéitly similar results. The relative standard deviatibtotal hours
increases for both skilled and unskilled females, but priggaeally more so for the former group. The relative stadd#eviation of
total hours for skilled females goes from 0.61 to 0.99, whulaunskilled females it goes from 0.76 to 0.92. The coriefabetween
total hours worked by skilled females and GDP goes from 0ef8rk 1984 to 0.52 afterwards, while the analogous corogldibr

unskilled females declines from 0.72 to 0.59.
19Notice that, with this new definition of skilled workers, thedative volatility of skilled labor tends to be higher thiariTable 1.

This is likely due to the fact that the measure of aggregatiediabor obtained using the “Master” cutoff has to be coneg with
less observations than the benchmark measure in Table loiAe@ out before, we think that in this case it is more megiuirnto

look at the ratio of post-to-pre 1984 relative volatilitieather than at their absolute levels.
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In conclusion, the analysis of this section shows that thectsed volatility of aggregate skilled hours
is likely not an artifact of aggregation, but rather a robust stylized facthe rest of the paper we propose

and empirically evaluate some explanations for this fact.

3. Capital-Skill Complementarity and the Business Cycle

In this section we perform an analysis of our stylized factd auggest a candidate explanation for them.
Since the cyclical properties of unskilled hours, relatwvé&sDP, have not changed significantly during the

sample period (Stylized Fact #2), our goal, in what follos/$oi try to explain Stylized Fact #1..

¢ In the pre-1984 period, skilled hours are significantly kedatile than unskilled hours and GDP.

¢ In the post-1984 period, skilled hours become roughly aatitelas unskilled hours and GDP.

We begin with a description of our framework, which is furtliiscussed in Section 3.2. Section 3.3

illustrates qualitatively our hypothesis, while Sectiodevelops its quantitative implications.

3.1. Framework

We follow Krusell et al. (2000) and derive the relative demhdor skilled and unskilled workers from this

production function:
(1-a)/o

(1) =2k Ul + (1— ) MG+ (1= 2)) 7P|
wherey; denotes outputz total factor productivityly ands total unskilled and skilled hours, respectively.
kst andket are, respectively, the stock of capital structures andakgiuipment. The distinction between the
two types of capital will be important for our quantitativeadysis: they have been growing at significantly
different rates, and equipment is likely to exhibit the lighdegree of complementarity with skilled labor.

In this production function, the direct elasticity of stihgion between unskilled labor and either skilled
labor or capital equals/I1— o), and the direct elasticity of substitution between skilielor and capital
equals ¥(1—p).

Assuming perfectly competitive factor markets, profit nrmaiziation yields the inverse relative demand
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for skilled workers:

® o - GO (SYTH (k) )
B u U S ’
wherew; denotes the skill premium:
_ W
wt - VV{J’

andwtj is the real hourly wage of a worker of tyge= s, u. It is important to notice that equation (2) holds
even in the absence of perfect competition in the output e1dfkand it is consistent with different sources
of business cycle fluctuations, either productivity or mangshocks. In this sense, our insights apply both
to Real Business Cycle and to New Keynesian models.

Equation (2) has been used by Krusell et al. (2000) to stuelyaing-run behavior of the skill premium.
Their exercise consists of using data on the input ratigs; and ket/s, together with estimates of the
production function’s parameters, to predict the low frmagy variations in the skill premium over the
period 1963-1992.

Our main focus is, instead, on the cyclical dynamics of thik gkemium and the input ratios. In order
to introduce a relative supply for skilled labor at the cgalifrequency, we decompose each variapli

equation (2) into a trend componert,, and cyclical componen€. The latter is defined as

Xt
C__.
% X

Using this notation, equation (2) can be rewritten as:

- BT (£ [A (k&_klt>p+1_A]

a-p
D

ay iy s
The relationship between the cyclical component of thé pkiimium, wf, and the ratios of the cyclical
components of skilled and unskilled total hosfgur is represented in Figure 4. In drawing this curve we
take as given the trends/, §' /ul, ki,/s, as well as the ratio of the cyclical components of capital and

skilled laborks;/s¢. This relative demand curve is downward sloping in the sggceir, wf) because a firm

20In general, the labor demand for each type of worker equals
wl = <1+ m(l) MPjt, j =s,u,

wherem; denotes the price elasticity of output demand faced by the &ndMPy; is the (physical) marginal product of factprlf

the output market is competitivay = co.
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is willing to hire more skilled hours only at a lower relativeage (relative quantity effect). Moreover, if
o > p, the production function (1) displays capital-skill complentarity and an increase k§;/s gives
rise to an outward shift of this curve (capital-skill complentarity effectf-22

We add to Figure 4 a perfectly elastic relative supply oflellihours at the business cycle frequency:

W =V

This yields a skill premium that does not display any cydli@iations, which is consistent with the
empirical evidence discussed in Section 2.1. From a thieatgioint of view, a perfectly elastic relative
supply at the business cycle frequency would emerge in avisitale labor model with skilled and unskilled
workers, along the lines of Rogerson (1988) and Hansen §198Such model, the skill premium would be

proportional to the ratio of the constant disutilities frevork experienced by the two types of agefits.
[Figure 4 about here.]

The effect of capital-skill complementarity on the relativolatility of skilled labor is represented in
Figure 4. In a recession, firms wish to employ less unskildabt. Thereforey® declines. If the relative
demand curve did not shift, the fact that the skill premiurnasstant would imply thas® would decrease
proportionally touf, in order to keep the ratief /uf constant. In this case, which corresponds to a Cobb-
Douglas production function, the volatilities of skilleddiunskilled hours would be the same. However,
the relative demand curve does shift. In particular, if tapital stock does not vary much at the business
cycle frequency, variations kE;/s are dominated by variations §. The relative demand curve, therefore,
shifts outward in a recession. This is because fewer skilledkers work with a given stock of capital, and
hence their productivity increases relative to that of ullezkworkers. For given skill premium, the outward
shift in relative demand causes the ratigur to move countercyclically, so that the fall in skilled hoiss

proportionally smaller than the fall in unskilled hodfs.

21Fallon and Layard (1975) show that capital-skill completasity is in fact characterized by the same condition on trame-
ters of the production function (1) even if alternative diioms of the elasticity of substitution are used, nametlii the elasticity
of complementarity or the Hicks-Allen elasticity of sulbgtion. Differently from the notion of direct elasticity stibstitution used

in the text, these alternatives yield elasticities whichetel upon input shares, as well as on production functicanpeters.
22Krusell et al. (2000) estimate equation (2), given the otbbehavior of the labor inputs and capital stock in the thSthe

period 1963-92, and find support for the hypothesis that p.
23prasad (1996) considers such model.
24The potential for capital-skill complementarity to gerterfarge cyclical movements in production workers/ungkillabor is
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3.2. Discussion

Before proceeding, it is useful to discuss some aspectsrohodelling strategy.

We chose not to use a full-fledged general equilibrium moola,rather focus on the relative supply
and demand equations that characterize the equilibriurheofabor market in the short-run. We use this
equilibrium condition to ask the following questiogiventhe long-run dynamics of the skill premium, and
the observed behavior of unskilled hours and capital egeigmhow much of the short-run behavior of
skilled hours is accounted for by the model?

This type of approach has been employed in different areasmofoeconomics. For example, within the
context of a representative agent model, Prescott (20@lpiex the equality between the marginal product
of labor and the marginal rate of substitution between camion and leisure, to derive an expression for
labor supply as a function of aggregate consumption, oapdthe labor tax rate. He then replaces US and
European data in this expression and derives predicteglsder per-capita hours worked in these countries.
Similarly, in the consumption-based asset pricing litem@atsee, e.g., Kocherlakota, 1996) it is common to
use a parameterized version of the Euler equation, togefitiethe actual series for aggregate consumption,
in order to derive predicted series for asset returns.

A second motivation for focusing exclusively on the laborrked equilibrium is that it is not obvious
how to make a general equilibrium business cycle model stersi with the “non-balanced growth” kind
of dynamics exhibited by the series for capital, the two tabputs, and the skill premium. For example,
along the balanced growth path of a general equilibriumioeref our model, the skill premium and the
relative quantities of inputs would have to be constantemthan increasing, as in the dataWe chose
not to pursue this approach because, empirically, thesedrplay an important role, as they allow us to
calibrate the parameters of the model (see Section 4).

Instead, this partial equilibrium approach allows us t@uolg connect our exercise with the literature

on the long-run behavior of the skill premiutf.In this literature, researchers commonly derive a relative

also stressed by Chang (2000).
25 indquist (2004) considers a general equilibrium real bess cycle model with capital skill complementarity in protion.

His model is calibrated with reference to the average rdtimskilled to skilled labor and the average skill premiunttia sample

period 1979-2002. However, these ratios display signifitamds over that period.
28| taking this frictionless view of the labor market, we dd irtend to minimize the potential roles played by firm-sfieci

human capital, insurance contracts, search and matchiage wigidities, etc. in accounting for the stylized factsSafction
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demand function for skilled workers analogous to the ongiraéion (2). Then, they take as given the series
for the supplies of labor and either derive implicationstfar dynamics of skill-biased technical change for
given behavior of the skill premium (see e.g., Katz and Myrdi®92), or obtain predictions for the behavior
of the skill premium for given behavior of the capital stockeé¢ e.g., Krusell et al., 2000). In addition to
specifying the relative demand for skilled labor, whichdmét all frequencies, we also specify a perfectly
elastic short-run relative supply. It is simple to show tthas would be the case in &tationary business
cyclemodel characterized by indivisible labor (Hansen, 198%weler, as suggested above, we prefer not
to work with a stationary version of the model in order to iethe low-frequency variations of the series
for the skill premium and the production inputs. Underlyihis approach is the view that the decision of
workers of a given educational background to supply moress hours in response to cyclical variations in
real wages is fundamentally different from the decision bkther to acquire more skills in face of secular
changes in the skill premium. We think it is appropriate wedgtthe former problem separately from the

latter.

3.3. Hypothesis

In order to try to explain our pre and post-1984 stylizeddadtis convenient to derive an analytical ex-
pression for the volatility of skilled hours. To do so, firsjualize relative supply to relative demand at the

business cycle frequency to obtain:

3) w?z(l_uxl_A)<§§>041A<%%%>p+1—A]

a—p
I3

1Y
Then, assume for simplicity that there are no low frequerayations in the variables that enter this

equation:w| = w, § =s, U = u, kl;, = ke. Last, linearize equation (3) to obtagfi as function ofuf and

Kt:

1 Q
4 = C C
where the constar is defined as:
I& p
o-p %)

(5) Q O

2. Instead, we view our exercise as a first step, based onnipesit representation of labor market interactions, tdedheir

explanation. In Section 6 we speculate on some of theselpp@ssimplementary explanations.
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Under the assumption that the covariance betwgeandks, is zero, it follows from equation (4) tht

var(f) (1 2 Q \var(kd)
(6) var(uf) <1+Q> +<1+Q> Var(uft).

This equation contains our main insights concerning thatitdy of skilled labor relative to unskilled
labor. In what follows, we first describe our hypothesis inualiative way. In Section 4, we calibrate the

model and evaluate each mechanism quantitatively.

Pre-1984 period. In the data the variance af is lower than the variance aff. From equation (6),
we know that our simple model can qualitatively account fig fact under two conditions: 1) capital-skKill
complementarity in productioro(> p), implying Q > 0; 2) the capital stock is less volatile than unskilled
labor: var(kg) < var(uf). Regarding the latter point, notice that while the stock lofgical capital does
not display large variations at the business cycle freqyehe flow of services per unit of time provided by
this stock might be significantly procyclical, as firms cajuatithe workweek of capital along the business
cycle. The reason why we did not allow for cyclical capitalization in our model has to do with the
nature of complementarity between skilled workers andtabpuipment that we intend to formalize. If
skilled workers are needed in order to setup and supervise/dink of equipment capital, then variations in
the workweek of capital will only have limited influence oretlemand for skilled workers, while possibly
exerting some influence on their average weekly hours.

Notice that,ceteris paribusif var(kg) /var(uf) is low enough, the relative volatility of skilled labor
declines with an increase ®.22 In turn Q increases with the degree of capital skill complementarity
measured by — p. With a Cobb-Douglas production function, the te@rwould be equal to zero and
our model would predict thatar () = var(uf). The mechanism emphasized here has been first pointed
out by Oi (1962) and Rosen (1968) to explain the lower cytiticaf skilled labor, but, to our knowledge,

it has not been quantitatively evaluated.

Post-1984 period. In the post-1984 period, the variance sffincreases significantly relative to the

variance ofuf. The variances of these two variables are approximatelyl ediga 1984. In what follows we

27In the data the correlation betweehandks; is equal to 0.36. Here, we set it equal to zero to simplify ogpl@nation. Of
course, in the empirical section of the paper, we allifjvandkg; to be positively correlated. See Section 4 for a descripticthe

data for the stock of capital equipment.
28since capital is not very cyclical, the relevant conditisveérified in the data.
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focus on three effects that can potentially explain thisngea

1. Reduction in degree of capital-skill complementariyur main candidate explanation for the in-
crease in the relative volatility of skilled hours is remetd by a reduction in the degree of capital skill
complementarity. Mechanically, a reductiondn— p leads to a reduction i, which tends to increase
var(s) /var(uf). The key question is, of course, whether and when such @eitlithe degree of capital-
skill complementarity took place. As we discuss in more il@ighe next section, this hypothesis is con-
sistent with the long-run behavior of the skill premiunf and the relative inputs' /ul andkl,/s since
the late 1980’s. During this period, and relative to theyaf80's, the growth rate of the skill premium
slows down considerably. This deceleration is accompalyeal higher growth rate of the stock of capital
equipment relative to skilled hours, and by a slowdown inghawth rate ofs” /ul. In order to reconcile
these facts with the capital skill-complementarity hymdis it is necessary to postulate a declinein p

that occurred sometime in the late 1980’s.

2. Lower absolute volatility of unskilled laboF.he absolute volatility of GDP, at the cyclical frequency,
has declined substantially around 1984. This fact has beghasized by many (see e.g. Stock and Watson,
2002). In Section 2.2 we have shown hafwclosely tracks the behavior of the cyclical component of GDP
Thus, around 1984, the volatility of has declined substantially. As equation (6) suggests, if@ndQ
andvar (k) , a reduction invar (uf) tends to increase the relative volatility of skilled laBdThe intuition
for this result is simple: with capital-skill complemeritgrcyclical variations in skilled hours are not only
related to cyclical variations in unskilled hours, but alsovariations in capital. A decline in the absolute
volatility of unskilled hours, therefore, tends to redube tabsolute volatility of skilled hours less than

proportionally, leading to an increase in its relative titits.

3. Higher level of capital equipment relative to skilled laboFhe last effect we consider has to do
with the dramatic increase in the level kff/s' that occurred during the sample period. To understand the
implications of this trend, consider the effect of a higkgfs level in equation (5). Ifo <0 ando > p, a
higherks/sleads to a decline in the ter@in (5), and thus to a higher relative volatility of skilledblar over
the business cycle. The intuition for this result is as feo With o > p, a higher capital stock leads to

an increase in the demand for skilled labor (capital-skithplementarity effect). The sign pfdetermines

29As we will discuss in Section 4, the absolute standard deviatf kS, did decline after 1984, together with the reduction in the

volatility of output. However, this drop has been propartily smaller than the one in the absolute standard deviatiof.
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whether a higher level d&;/stends tends to amplify or reduce the marginal effect of higleital to skilled
labor ratio on the demand for skilled labor.df= 0 (the Cobb-Douglas case), there is no such level effect.
In the empirically relevant case in whigh< 0, capital and skilled labor are relatively more compleraent
in production than in the Cobb-Douglas c&8eThis relatively high complementarity implies that, when
capital is already abundant relative to skilled labor, #ferrincrease iket/s at the business cycle frequency
(induced by a drop i) generates a smaller increase in the demand for skilled.l&msequently, in this
case cyclical fluctuations in the demand for skilled laboulddecome relatively more related to cyclical

variations in the demand for unskilled labor.

The quantitative assessment of these mechanisms is olyvimfugreat interest, and we turn to them in

the next section.

4. Quantitative Analysis

In this section we calibrate the model and undertake a gadwnd analysis of the three mechanisms illus-
trated in Section 3. In Section 4.1 we consider two of thesehawr@isms: the lower volatility of unskilled
hours and the higher capital-skilled labor ratio that cbindze the post-1984 period. To do so, the parame-
ters of the equilibrium relationship (3) are calibratechgsilata for the whole 1979:1-2002:4 periddEor
this reason, we label this exercise “Constant Parameters”.

In Section 4.2 we evaluate the effect of our main mechanisragaction in the degree of capital-skill
complementarity. This “Changing Parameters” exercisedatvated by the difficulty faced by the version of
the model with constant parameters in reconciling the layvewth rate of the skill premium in the 1990’s

with the simultaneous acceleration in the growth rate otctyatal-skilled hours ratio.

30This is consistent with the estimates of Krusell et al. (G0 our own calibration (see Section 4).
3INotice that in order to calibrate the model, we use only date2002:4. The reason is that, while the MORG data set estend

until 2003:4, the series for capital equipment is not atdédor 2003.
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4.1. The Lower Volatility of Unskilled Hours and the Higher Capital-Skilled Labor Ratio

The center of our quantitative analysis is the labor markeildrium condition (3), which we reproduce

below for convenience:
(7) o = LmW A=) <3>H [/\ <@>p+1—/\]%.
Hv U &
In Figure 5 we plot the variablex, and in Figure 6 the variables/u andket/st.?*2 The series for capital
equipment is from Cummins and Violante (2082) We interpolate their yearly data to obtain quarterly

observations, by imposing a constant quarterly rate of tirevithin each yeatr.
[Figure 5 about here.]
[Figure 6 about here.]

Figures 5 and 6 are to be interpreted jointly in terms of aquaf7). Over the entire sample period
1979:1-2002:4, the skill premium and the ratio of skilledutwskilled hours display an upward trend. Given
the increase in the ratio of the stock of capital equipmergkitbed hours, these two trends can only be
reconciled, within our framework, by the existence of calpskill complementarity in production.

For our quantitative exercise we need to specify valueshmparameters, a,p,A andu in equation
(7)3* We seto = 0.4 anda = 0.13. The value foro has been estimated by Krusell et al. (2000). Their
estimate is consistent with the values obtained by othdroasit(see Autor, Katz, and Krueger, 1998, for
a review) for a review. The parametarrepresents the share of capital structures in GDP and has als

been taken from Krusell et al. (2000). We selgcandA in order to match the average wage bill ratio and

32The key feature of these series that we wish to emphasizadquurposes of the exercise in this section is that they spllaly

upward trends. In the next section we will explore the faat these trends have in fact changed over time.
33The capital equipment series is based upon the Cummins atahté (2002) series of quality-adjusted equipment pritee

latter extrapolates Gordon (1990)’s quality-adjustedeservhich span only the 1947-1983 period, until 2000. Weagdlate the
Cummins-Violante series to the year 2002. In order to complg growth rate of the stock of equipment from 2000 to 2003,
we compute the growth rate of the series published by the Bitaald to it the average amount by which the growth rate of the

Cummins-Violante series exceeds the published data ogegretiod 1979-2000.
34Notice thatv in equation (7) is just an arbitrary scale parameter, soésdmt need to be calibrated.
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aggregate labor share over the entire period 1979:1-2302unlike the case obr, estimates op in the
literature tend to be more dispersed. We pick the subgtitytarametep in order to match the average
growth rate of the skill premium in the entire sample. Regmydhe computation of the data moments, the
aggregate labor share of income is set at 0.70, consisteiitiyNIPA data. In addition, we use the CPS data

to construct the average wage bill ratio and the averagetgnate of the skill premium.
[Table 3 about here.]

Table 3 summarizes our calibration exercise under a cangtaduction structure. It contains the values
of the calibrated parameters together with the data montleat$hey match.

To evaluate the performance of the model, we use the actiasder u;, ket andw| (computed as the
HP-filter trend ofwy) together with the calibrated parameters (Table 3) in égndt), to obtain a predicted
seriesy for skilled hours. We then HP-filtex fo extract its cyclical componest. Figure 7 plots the actual
series forg together withs”. Figure 8 reports’; together with the the cyclical components of output and

actual total skilled hours.
[Figure 7 about here.]
[Figure 8 about here.]

Table 4 contains the cyclical properties of skilled houmsdicted by our model, before and after 1984.
This is our “benchmark” exercise under constant parametgren both effects considered in this section

are at work.
[Table 4 about here.]

In interpreting these results recall that, with no capitdlt complementarity in productiona( = p),
the ratio of the standard deviations of skilled and unstil®urs would equal one in both sub-peridés.
The existence of capital-skill complementarity in produowet by itself, explains why the relative standard

deviation of skilled hours is significantly smaller than drefore 1984.

350ne has to worry about whether the skill premium predicteddpyation (7) is invariant to the unit in which capital equih
is measured. It turns out that this is indeed the case: itasively easy to show that different measurement units ahg absorbed

by the share parameteksand i in our calibration.
36As a consequence, the volatility of skilled hours relativéDP would also be approximately equal to one in both subgsri
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After 1984, the relative standard deviation of skilled tsoucreases by 17 percentage points (from 0.61
to 0.79), which is about a quarter of the increase observéltkidata. This change is due to the two effects
considered in this section. First, the absolute volatdityhe cyclical component of unskilled houng) has
declined dramatically after 1984, while the volatility b&tcyclical component of capital equipmekg;) did
not change in a significant way over the sample period. In #ie,dtd(ks;) /std(uf) increased from 0.50
before 1984:1 to 0.91 after this date. This fact in conjunctivith capital-skill complementarity implies
that, as explained in Section 3, the volatility of skilledum®will drop proportionally less than the volatility
of unskilled hours and GDP. Second, the réd¢ig's has increased over the sample period, especially in the
1990’s, when its growth rate more than doubledp i 0O, as in our benchmark calibration, this increase
should have increased the relative volatility of skilledits

In order to get a sense of the relative contribution of eacthe$e two effects, we have performed a
simple experiment with equation (4). For given coeffici€ntand for given actual series for the cyclical
components of unskilled hours and capital equipment, tiison can be used to obtain a predicted series
for the cyclical component of skilled hours. We have comgutes value of the coefficier such that the
predicted series for skilled hours displays a relative daiaah deviation for the period 1979:1-1983:4 equal
to the one predicted by the benchmark case (i.e., 0.61). diatme standard deviation of skilled howafter
1983:4 obtained using this procedure is reported in Tabledéuthe label “Constarkt /s after 1984”. This
figure, 0.76, represents the relative volatility of skilledurs in the sub-period following 1984, under the
assumption that the coefficie@ and therefore the ratik.;/s, stays constant at its pre-1984 vaRieT his
result suggests that most of the increase in the relativailigl of skilled hours explained by the constant

parameter model can be attributed to the lower volatilityrdkilled hours over the business cycle.

4.2. The Decline in Capital-Skill Complementarity

In this section we evaluate the magnitude of the third meshanlescribed in Section 3. We have argued
that the increase in the relative volatility of skilled heumight be attributed, at least in part, to a reduction in
the degree of capital-skill complementarity in the economyvhat follows we first provide some empirical
evidence in favor of this hypothesis and discuss how therlatight be justified from a theoretical point of

view. We then evaluate its contribution to the cyclical batwrof skilled hours.

3"Notice that a trend ite/s would induce a trend in the coefficiet
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The decline in capital-skill complementarity. Our starting point is the observation that assuming a
constant set of parameters for the whole sample period é&hehmark case of the previous section) implies

that the model is not able to replicate the long-run behasfidhe skill premium, as Figure 9 suggests.
[Figure 9 about here.]

The principal reason for this failure is that the trends i $kill premium and the input ratios appear to
change sometime around the late 1980's. Figure 5 shows meaclthe average growth rate of the skill
premium between the 1979:1-1989:3 and 1989:4-2002:4 etibgs (the reason for splitting the sample
around 1989:4 for the purpose of looking at the long-rundsenill become clear later in this section).

In the first sub-period, the skill premium has grown, on agerat a rate of 1.36 percent per year, while
in the second period it has grown at an average rate of 0. G&ipeper year. Figure 6 depicts the evolution
of the relative input&et/s ands /u;. This figure shows a substantial acceleration after 1986tl3a growth
rate ofket/s (from 2.69 percent to 6.19 percent per year) and a contemeots slowdown in the growth
of s /u (from 2.89 percent to 1.89 percent per ye&rThese observations accord well with the empirical
evidence presented by Card and DiNardo (2002) and Beaudr{asen (2002), who also notice that the
skill premium has grown at a significantly smaller rate aftbout 1987 with respect to the previous seven
years, despite an acceleration in the growth rate of thé stbcapital equipment.

The evolution ofket/s ands /u; since the late 1980’s represents a challenge to the viewtttedong-
run behavior of the skill premium in the 1980's and 1990's barexplained using a production structure
characterized by capital-skill complementarity and cansparameters. The latter would have predicted a
faster, rather than a slower, increase in the skill premium sinc@91®ecause the faster growthkg/s
and the slower growth ig /u; should have made skilled labor relatively more producthemntin the first

sub-period (see also Figure 9). Instead, Figure 5 cledltlydtherwise®®

38The increase in the growth rate kfi/s; can be traced back to a substantial decline in the relatiie mf equipment in
terms of consumption, brought about by a significant acagter in the technological progress specific to the prodnatif capital
equipment goods. In part as a consequence of this facttinees in equipment has accelerated in the post-1989 paimimost
notably in the late 1990’s. This is consistent with aneddetadence suggesting that the 1990’s where a boom periogtinst of

investment in equipment.
39Figure 9 and Figure 7 are obviously closely related, as theyveo different ways of conveying the same information.Ha t

constant production structure model, the sharp increasagital equipment that took place during the 1990s inducsgraficant
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Our view is that this evidence may point to a reduction in tegrde of complementarity in production
between skilled labor and capital equipment starting fromlate 1980’s. The lower degree of capital-skill
complementarity would then contribute to explain the iaseein the relative volatility of skilled hours over
the business cycle.

To evaluate the importance of this effect for the cyclicatdngor of skilled hours, we follow a simple
approach, and assume a once-and-for-all decling #np in the production function (1). We view this
modelling approach more as a convenient short-cut tharoeotg model of the underlying phenomena, as
we share economists’ reluctancy to base their theories angds in “structural parameters” suchaand
p. A full-fledged model should be able to capture the declinegipital-skill complementarity as a slowly-
evolving process spanning several years, presumably dtie tdiffusion and routinization of computers
and information technologies, and reaching maturity adiotine late 1980's. In this regard, Katz (1999)
(page 17) has interpreted the slowdown in the growth of ttedive demand for skill since the late 1980’s,
as reflecting a “maturing of the computer revolution”, whgréas technologies diffuse and become more
routinized the comparative advantage of the highly skitledlines.” Along the same line, Blanchard (2003)
(page 281) conjectures that “itis likely that computerd bbgicome easier and easier to use in the future, even
by low skill workers. Computers might even replace higHtskorkers, those workers whose skills involve
primarily the ability to compute or to memorize.” The thetizal model that, perhaps, best captures this
view is the one developed by Greenwood and Yorokoglu (199dgscribe the effects of the faster decline
in the price of equipment since 1974 on the relative demandkitied labor. In this model, a technological
revolution is followed by a transitory increase in the dethéor skilled labor which is needed to implement
the new technologies. Afterwards, as the latter have beepted and implemented, the relative demand
for skilled labor declines towards its original steady etkvel. While we agree that it would be more
satisfactory to use a version of Greenwood and Yorokogl@7{18nodel as a foundation for our empirical
exercise, we do not pursue this route because of the diffiask of augmenting the latter with business

cycle fluctuations.

Business cycle implicationsIn order to evaluate the importance of the evidence destabeve for the

increase in relative productivity of skilled labor, all elsonstant. Since the actugll ratio does not grow any faster in the 1990s,
this must lead to a faster growth in the predicted skill premiFigure 9). Similarly, since the actual skill premium go®t grow

any faster in the 1990s, this must lead to a faster growthedipted skilled employment (Figure 7).
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cyclical properties of skilled labor, we recalibrate thedwaballowing for a different degree of capital-skill
complementarity after a certain break date in the late 980’

In order to set values for the model’'s parameters and deatermiprecise break date, we proceed as
follows. First, for a given break dafg, we assume that while the parametprsu andA of the produc-
tion function (1) may take on different values before aneraft, the parameterea and o remain instead
unchanged over the entire sample period. The valugs pfandA for the sub-period precedin are set
exactly as in Section 4.1, in order to match the average labare, the average wage bill ratio, and the
average growth rate of the skill premium between 1979:1 Bnd he values ofp, u andA for the sub-
period followingT are set in an analogous way. For given set of parameters,emestiiect the break date
T that minimizes the sum of squared errors between the tretigbiactual skill premiumq’, and the skill

premium predicted by the model. This procedure yidllds 1989:3 as the break date.

[Table 5 about here.]

The results of this calibration exercise are summarizedaislel'5. Notice, in particular, how the cali-
brated elasticity of substitution between skilled labad aapital equipment is now much lower before 1984,
and much higher after 1984, compared to the benchmark casbls 3.

Before proceeding, a few observations are in order. Fing,assumption that the decline an— p
is due to an increase ip, rather than a decrease @ is motivated by the idea that, as computers and
information technologies become more routinized, it isdbgree of complementarity of skilled labor with
capital equipment that might decline. This assumptionsuurt to be quite innocuous as similar results can
be obtained by keeping the same across sub-periods and lettngdjust. Second, after the break date, it
is necessary to changeandA together withp, in order to avoid jumps in the predicted series for the skill
premium and to guarantee that the model is consistent wétkvldence on the average labor income shares
in both sub-periods. Third, our break date for the modelimpeeters (1989:3) occurs a few years after the
date (1983:4) in which we break the data series to analyzedyrdical properties. While in a literal sense,
it would be more consistent to have these two dates closeado aether, it is unreasonable to interpret the
reduction in the volatility of GDP or in the degree of cap##iill complementarity as having occurred in
a specific quarter or even year. Instead, we think of both ed¢lphenomena as processes occurring over

time. Our approach is aimed at capturing this change in alsimay.
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[Figure 10 about here.]

Figure 10 plots the actual data series for the HP-trend insHile premium, and the skill premium
predicted by the model. The key feature illustrated by tlgsr is the ability of the model to reproduce the
slowdown in the growth rate of the skill premium, in spite loé tunderlying behavior of the relative input
ratios.

Figure 11 plots the actual data series for skilled hautegether with the series. The model appears
to provide a good description of the behavior of skilled lsp@ven at higher frequencies. The overall fit of
the model clearly improves compared to Figure 7. We then Hé-§ to extract its cyclical componest.”

Figure 12 reportsf’; together with the the cyclical components of output andaldbtal skilled hours.
[Figure 11 about here.]
[Figure 12 about here.]
[Figure 13 about here.]
[Table 6 about here.]

Table 6 contains the cyclical properties of skilled hoursdizted by our model and compares them
both with the data and with results of Section 4.1. This tédlhlstrates how the change in the degree of
capital-skill complementarity is quantitatively impantaln particular, the fact that the degree of capital-skill
complementarity before 1984 is higher than in the benchroalikration, allows this version of the model
to predict a lower relative volatility of skilled hours indHirst sub-period (0.55 against 0.61). Similarly,
the higher degree of capital-skill complementarity in tl8Q's generates a larger increase in the relative
volatility of skilled hours. The latter is 0.95 in the vemsiof the model with changing parameters against
0.79 in the model with constant parameters. Notice alsothigatnodel correctly predicts that skilled hours

are more volatile than unskilled hours after 1984 and letatil®before 19849

40n order to verify the robustness of our results, we havegperéd some sensitivity analysis on the substitution paranpe
Specifically, we have kept the estimated valugpah the pre-1989:3 subperiod constant&2.21, and changeg in the second
subperiod in two alternative ways. In the first experimerg,setp = 0 in the second subperiod. The relative volatility of skdlle
labor predicted by the model increases from 0.95 to 1.03evwthé contemporaneous correlation with GDP remains equab7.
In the second experiment we get= —0.8. This gives a relative volatility of 0.97 and a correlatiorthiGDP equal to 0.69. We

interpret these findings as suggesting that the resultstidé Baare fairly robust to changes in the key paramgter
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In summary, the three effects of Section 4.1 jointly account almost sixty percent
((0.95—0.55) / (1.05—0.37)) of the increase in the relative standard deviation of e#tilhours observed
in the data. Most of the explanatory power of the model comas the change in the production func-
tion parameters (about 55 percent), followed by the decihiribe relative standard deviation of unskilled
hours (about 37 percent), and the increase in the ratio dfat@guipment relative to skilled hours (about 8

percent)*

5. Before 1979: Evidence From the March CPS

The quantitative results of Section 4.2 provide some supiporthe hypothesis that the higher volatility
of skilled labor observed in the 1990’s might be due in pa @ecline in the degree of complementarity
between skills and capital equipment. As observed abowd, swaecline is consistent with the view, origi-
nally advanced by Nelson and Phelps (1966) and more redeniGreenwood and Yorokoglu (1997), that
skilled workers have a comparative advantage in implemgrand adopting new technologies. According
to this interpretation, the “technological revolution’attstarted in the mid 1970'’s, has been characterized
by a transition period of 10-15 years. During this transitpeeriod the demand for skilled labor accelerated,
leading to a fast-growing skill premium and to the acycliyabf skilled labor documented in Section 2.2.
After this transition period, starting from the late 1980isw technologies become more routinized leading
to a slowdown in the demand for skilled labor. This slowdowneflected in the decline in the growth rate
of the skill premium and the higher cyclicality of skillecblar.

If this line of argument is correct, one should expect s#illgbor to be relatively acyclicainly during
periods of “technological revolutions”, such as the lat&@9 and early 1980’s. In order to evaluate this

prediction of our model, we need to provide some evidencardagg the cyclical behavior of skilled labor

“Iwe have changed the calibration of the model to evaluate ehesitivity of the results to different values of the elaisic
parameteio. We have found that, even varying the parametdreyond the boundaries suggested by the empirical evideves d
not improve the performance of the model. Notice that, givenparsimonious parameterizatiam,and the share of structures,
a, are the only parameters that can, in principle, be set exagiyn Reasonable variations in the latter also do not ggeeto
noticeably different results from those of Table 6. Whilei@aons in the other, calibrated, parameters of the modgl, andp,
could possibly generate a better fit of the model at the cgicfrequency, they would also oblige us not to be able to cegame
of the low frequency variations in the data. Given the rokeypt by the latter in disciplining our empirical exercise dig not

pursue this avenue.
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before 1979. Given that the CPS ORG data are available amty $hat date, we construct measures of the

aggregate skilled and unskilled labor inputs using annata ftom the March CPS for the period 1963-2002.
The analysis of Section 2.2 reveals that most of the incrisete volatility of skilled labor since 1984

is due to a higher volatility of aggregate employment, asogpg to average hours. Thus, for simplicity, we

focus exclusively on the extensive mardfnAggregate skilled labor in a given year is measured, usiag th

March CPS survey, as the aggregate number of weeks workautiwduals with a college degree in that

year. Aggregate unskilled labor is defined analogofisly.
[Figure 14 about here.]
[Figure 15 about here.]

Figure 14 represents the HP-filtered series for aggregditedsland unskilled labor from the March
CPS, together with aggregate GB/PTwo features of these data stand out. First, from 1979 orsyang
cyclical properties of aggregate skilled labor measuradguthe March CPS data are very similar to the
ones obtained using the ORG data, and represented in Figulre @articular, aggregate skilled labor is
relatively acyclical in the 1980 and 1981-82 recessiong]enihis significantly more volatile afterwards.
Second, and more important, the March CPS data reveal tlia¢ iperiod between 1963 and 1975, skilled
labor tends to be roughly as cyclical as unskilled I&5dn other words, the acyclicality of skilled labor is

a transitional phenomenon stretching from the mid-194#hé mid-1980’s. This point can be easily seen

42Before 1976, the March CPS survey only asks individuals hamyrweeks they have workeast yearand how many hours
they have workedst week This presents a limitation in computing a measure of tatairs based upon this sample before 1976.

Also for this reason we decided to concentrate on aggregapéogment.
43To make these data as comparable to the ORG ones in Secti@s h@ssible, we use the same sample selection criteria

described in the Appendix.
44We used a smoothing parameter of 6.25, as suggested by Rewshiig (2002) for annual data.
45This fact requires further comment, as few of the authomsdcin the Introduction (particularly Kydland, 1984 and Kean

and Prasad, 1993) had found skilled labor to be relativeyglaal in earlier studies. We attribute this apparent dipancy to
the fact that these authors use microdata samples for thedpE270-1980 (Kydland) and 1966-1981 (Keane and Prasad) th
include information from both the “high volatility” subpged 1963-1975 and from the “low volatility” subperiod 197683.
Additionally, in order to compute measures of the cycliatif skilled labor, these authors adopt a regression appraawhich
the unemployment rate in one year is correlated with worle@rployment status in the same year. This method fails towtc

for any leads and lags in the response of skilled labor taegidliuctuations in GDP in the 1963-1975 subperiod (seef€id4).
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by considering, in Figure 15, the rolling standard deviafior skilled and unskilled labor and GDP in the
1963-2002 period. The figure clearly suggests that inethdier as well as in thdater parts of this long
sample, the volatility of skilled labor was about the saméhasvolatility of unskilled labor and GDP. The
rolling standard deviation of skilled labor reaches a mummin the mid-1970’s, indicating that the decade
1976-1985 was indeed characterized by the smallest defveatility for this variable?® This observation
supports our interpretation of the observed reduction éenviblatility of aggregate skilled hours from the

mid-1980’s.

6. Complementary Explanations

In this paper we have focused on the hypothesis that theaserm the relative volatility of skilled labor
since the mid-1980’s reflects the end of a decade-long trangieriod during which the demand for skilled
labor accelerated dramatically. Since our model can ontpwut for about 60 percent of the observed
increase in this volatility, in this section we discuss a fxplanations that are potentially complementary

to ours.

6.1. Adjustment Costs to Skilled Labor and Temporary vs. Pemanent Shocks to GDP

In the simple model of Section 3 we have for simplicity abdied from adjustment costs to employment.
However, starting from Oi (1962), economists have argued dldjustment costs to skilled labor play an
important role in explaining the high frequency dynamicskifled employment. Thus, faced with tempo-
rary cyclical reductions in productivity or product demaedployers would prefer to hoard skilled labor
in order not to dissipate costly training costs. Lower auljient costs for unskilled workers, instead, would
make unskilled employment more sensitive to the businese.cy

Within this context, the increase in the volatility of skill employment documented in Section 2.2
might reflect a change in the nature of business cycle fluongt According to this hypothesis, the shocks
underlying the recessions in the early part of our samplewamnporary, whereas the last two recessions

were driven by more permanent shocks.

46The relative standard deviation of the HP-filtered meastiskitled labor for the subperiods 1963-1975, 1976-1988419
2002 is, respectively, 0.91, 0.45, 1.13. The relative steshdeviation of unskilled labor in these three periodsdspectively, 0.98,
0.89, 0.69.
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If a recession is perceived to be temporary, and if skilledkenxs have higher adjustment costs, firms
might respond to a cyclical downturn with temporary layafsunskilled workers, but leave their skilled
workers in place. If a recession is instead perceived to be permanent, as this hypothesis would hold
was the case since the mid-1980’s, then firms would haveriessiive to hoard skilled labor. This argument
could potentially explain why skilled employment has beealatively more volatile in recent years.

The key question is, of course, whether business cycleskshave become more permanent in recent
years. While this is difficult to measure empirically, theseat least some indirect evidence consistent
with this view. Figure 16 plots Bureau of Labor Statisticsies representing the aggregate number of
unemployed workers and the number of unemployed workerdaltgmporary layoffs. It is clear from the
figure that temporary layoffs tend to increase systemdficliring all NBER-defined recessions preceding
the 1990-91 one. In the last two recessions, instead, templatyoffs did not increase substantiglfyOne
may interpret this evidence as suggesting that busines slyocks have become more permanent in recent

years, thus leading to less hoarding of skilled workers.
[Figure 16 about here.]

It is also worth asking whether this story can explain the lvhmattern followed by the volatility of
skilled labor since the early 1960s, as described in Seétioim this dimension, the labor-hoarding story
does not appear able to explain the facts. According to tiderge on temporary layoffs just discussed,
before 1975 the cyclical volatility of skilled labor shouidve been small relative to the volatility of unskilled
labor and GDP. This is because of labor hoarding of skilletkeus by firms facing temporary business cycle
shocks - as evidenced by the importance of temporary layoffse 1969-70 and 1973-75 recessions. The
evidence of Section 5 does not support this hypothesis, Vewas skilled labor was as cyclical as unskilled

labor before 1975.

6.2. Adjustment Costs to Skilled Labor and General Purpose &chnology

Aggregate skilled labor might have become more cyclicabbse new technologies have reduced training
costs for skilled workers. Some have argued (see e.g. Brasrand Trajtenberg, 1995 and Aghion, Howitt,

and Violante, 2002) that information technologies gemeral purpose technologieis the sense that they

47Bleakley, Ferris, and Fuhrer (1999) present and discusitasiavidence.
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have the potential of being widely used and applied in a tyané sectors of the economy. It follows that
skilled workers’ comparative advantage in using informattechnologies should translate into a greater
transferability of their skills across firms, jobs, and sesiof the economy. This lower specificity of work-
ers’ human capital would then entail lower training costsfions and consequently reduce the extent of
labor hoarding in response to cyclical fluctuations. SHi®urs would then become more volatile over the
business cycle. Moreover, lower adjustment costs foreskilhbor should also have implied an increase in
separation rates for this group of workers, relative to tiekilled group, since the mid 1980’s. A few papers
have indeed documented that this has been the case. Forlex&ogriguez and Zavodny (2003) analyze
data from the Displaced Workers Surveys and document aadserin displacement rates for college edu-
cated workers between 1983-87 and 1993-97. Farber (200Bjtsea similar trend comparing the 1980’s
with the 1990-2004 period.

Notice that this evidence is in principle also consistenthwihe capital-skill complementarity story
developed above. According to the latter, a lower degreeoofptementarity between skilled labor and
capital equipment in the 1990’s should have made skilledleyngent at the firm-level more sensitive to
aggregate as well as idiosyncratic shocks. In turn, thisdrigensitivity would translate into higher cyclical
andaverageseparation rates for skilled workers.

We again ask whether this hypothesis might also explainyhamics since the early 1960s. Notice that,
according to the general purpose technology story, skiéledr should have bedessvolatile than unskilled
labor even before 1975. This is because, before the infawmétchnology revolution, technologies were
such that the human capital of skilled workers was more ‘ifip&¢o a particular employer and therefore
harder to transfer across jobs. Hence, this hypothesisrdmegppear to be able to account for the evidence

of Section 5.

6.3. Changes in Taxes

The US has experienced significant tax cuts in 1981 and 19B6seTtax reforms also featured a marked
reduction in tax progressivity. As such, skilled workergavikely to have benefited the most from the tax
cuts. A natural question is whether this policy change migivie contributed to the increase in the relative
volatility of skilled hours.

To address this issue, consider the situation where theoegpmoves into an expansion period char-
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acterized by rising hourly wages. The extent to which s#tiNeorkers would be willing to expand their
working hours depends on the progressivity of the tax codemarginal tax rates increase steeply with
income, one should expect skilled workers to increase thbor supply significantly less than unskilled
workers. As the tax code becomes less progressive, skilkeklens should be willing to expand their labor
supply relatively more. Thus, in principle, a reduction lire torogressivity of tax rates might account for
Stylized Fact #18 This mechanism, while plausible, runs into a problem: tHdence of Section 2.2 re-
veals that Stylized Fact #1 is mainly due to the higher cgtholatility of skilled employmentather than of
average hours worked by employed individuals. It is an opegstion whether a decrease in the progressiv-
ity of the tax code would be able to explain the higher vatgtibf skilled employment. In addition to this
issue, it is also unclear how this mechanism could accourthéorelatively high volatility of skilled labor

in the 1960’s and early 1970’s (Section 5).

In summary, the purpose of this section has been to discuss sgplanations for the higher volatility
of skilled labor, complementary to the one we have explorethis paper. Our main conclusion is that,
like our story, some of these explanations are indeed fdkeusi accounting for the increase in the relative
volatility of skilled labor. However, unlike our story, & not clear whether they can provide a comprehensive
account of the observed dynamics of input quantities anmeprsince the early 1960’s, both at high and low
frequencies. Specifically, they appear, on the surfacenisistent with the non-linear pattern followed by
the cyclical volatility of skilled labor during the last 4@ars or so. More work is needed to develop and test

these other stories.

7. Summary and Conclusions

In recent years economists have devoted considerablgiatién documenting and analyzing the increased
inequality between skilled and unskilled workers. The fotithe literature has been on the low-frequency
increase of the college premium. In this paper, we have etudnother dimension along which skilled

and unskilled workers are traditionally thought to difféine sensitivity of their employment status to the

business cycle. The data suggest that, while wage inegbalitveen skilled and unskilled workers has been

48Notice that while the mechanisms reviewed in Sections 6d. @@ operate on labor demand, this one relies on cyclical

variations in the relative labor supply of skilled workers.
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increasing over the last 25 years, inequality among thesgtaups, as measured by the sensitivity of their
employment status to business cycles, is instead lower hawit was 20 years ago. Rather than viewing
the low and the high-frequency dynamics of inequality asasme phenomena, our hypothesis is that the
technological factors responsible for the long-run evolubf wage inequality also help us to understand
the short-run dynamics of skilled and unskilled labor.

Using high-frequency CPS data for the period 1979:1-2008edhave documented a dramatic increase
in the cyclical volatility of aggregate skilled hours réatto GDP, starting from the mid-1980’s. Aggregate
skilled hours display little cyclicality in the 1980 and 11982 recessions relative to unskilled hours and GDP.
Starting from the mid-1980's, instead, aggregate skilledrb become more volatile than both unskilled
hours and GDP. We have provided an interpretation of thidemde using a simple supply/demand model
for skilled and unskilled labor based on the hypothesis gftakskill complementarity in production. In
particular, within this framework, we have considered thpact of the following three effects on the relative
volatility of skilled hours: a reduction in the absolute atility of GDP and unskilled hours since 1984, an
increase in the level of capital equipment relative to ekiillabor over the sample period, a reduction in the
degree of capital-skill complementarity since the late€8These three mechanisms can jointly explain
about sixty percent of the observed increase in the relatileility of skilled labor, with the reduction in
the degree of capital-skill complementarity playing thg kale quantitatively.

In evaluating these results it is important to emphasizettt@reduction in the degree of capital-skill
complementarity that we postulated involves a discreteiglan one of the model’s structural parameters.
While this approach represents a convenient modelling-stuby a rigorous investigation of this mechanism
should be based on a full-fledged general equilibrium modelhich the complementarity between skilled
labor and capital equipment evolves endogenously over.4fm#/e leave this interesting, but non-trivial,
extension to future research.

A second open question concerns the evidence regardingndmgie in the degree of capital-skill com-
plementarity. In the paper we use the low-frequency infaiomacontained in the pre and post-1989 trends
in the skill premium to obtain an estimate of this change. &/this procedure is consistent with the lit-

erature on the dynamics of the skill premium (e.g. Krusehllgt2000), additional evidence on the matter

49As we discussed in the text, one option would be to adopt radmork developed by Greenwood and Yorokoglu (1997). See

also the papers by Acemoglu (1998) and Kiley (1999).
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would certainly strengthen the paper’s results. We belmigo evidence on the labor market outcomes of

skilled individuals may prove to be particularly informagi
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A. Appendix

A.1l. Additional Information Regarding the Data

In this appendix we provide some additional informationareling the steps followed to construct the vari-

ables used in the paper.
Sample Selection

For each quarter, we restrict attention to individuals mldbor force that are not self-employed to con-
centrate on paid earnings. For individuals reporting tornpleyed, we use the following sample selection

criteria:

1. Eliminate those with either missing or zero reported iegs)

2. Assign actual hours worked last week to usual hours, ilukaurs is missing. This addresses the
fact that individuals reporting “hours vary” are declarechaving missing usual hours (but not actual
hours) after 1993, causing a slight discontinuity in théeseior hours between 1993:4 and 1994:1. In

fact, it turns out that this imputation of usual hours is aggille only after 1994.

3. Eliminate those with either zero or a missing value fouakhours, and similarly for usual hours.

Demographic Groups

We partition the sample into 240 demographic groups in a wajogous to Katz and Murphy (1992)
and, more recently, Krusell et al. (2000). First, each imtlial is either male or female. Second, starting
from age 16, we create 10 five-year age groups. Third, we denshree race groups, whites, blacks,
and otherwise. Last, we create four education groups, (1higle school diploma (less than 12 years
of completed schooling), (2) high school graduate (12 ye&rsompleted schooling), (3) some college
(between 13 and 15 years of completed schooling) and (Bgmtjraduate and more (16 years of completed
schooling and above). After 1992, consistently with the @HGcation classification change from years of
schooling to educational categories, education groupdesponds to less than a high school diploma, (2)

to a high school diploma, (3) to more than a high school deguétess than a B.A., and (4) to a B.A. degree
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or higher. This adjustment produces time-series for thebmurof individuals in each education group, as
well as for the various variables of interest, that displaysignificant break in 1992.
In defining skill groups, we assign education groups (1)t3)he unskilled category and education

group (4) to the skilled category.
Efficiency Units and Wages

A primary reason for recording demographic variables islimraus to compute adjusted measures
of the aggregate labor input, in which actual hours are wetyjbby some time-invariant base wage rate.
This produces series for the labor input in efficiency unithjch is more sensible for aggregation across
demographic groups. We again proceed in a way analogoustiatd Murphy (1992) and Krusell et al.
(2000)5°

First, for each quarter and for each demographic group irpatiition we compute, for employed indi-
viduals, (i) the average hourly wage rate, (ii) the averagekly working hours, and (iii) the demographic
group’s weight in the population. Formally, and using Kituseal. (2000)’s notation, leG be our popula-

tion partition, where each demographic group is indexed.Bie compute:

h . Zieg”i,thi,t
g,t - T .,
Zieg”i,t
YiegHit (Wi.thi,t)
Wg7t —
YicgHithit
I"lg,t = _Zui.b
i€g

wherew;; andh;; are, respectively, the individual’s real hourly wage andalisveekly hours, angd; ; is the
individual's population weight.
Following Kydland and Prescott (1993), we select the timerage of the wage rates over the whole

sample as the weights to be placed on halrBenoting these weights byg, for g € G, we compute the

501t may be useful at this point to relate our approach to thaBaf/lus et al. (2002). These authors propose a methodology
for constructing labor input series in efficiency units whis based upon a human capital production function with -tarying
productivity parameters. Our approach, instead, impjiéissumes no technological progress (fi&in Bowlus et al.’s (2002)
notation are constant). In reality, however, since ourymisfilters out low frequency movements in the data, it isaict tonsistent

with long-run technical change.
51we note that, since some demographic groups have no ohises/am some quarters, the number of observations used to
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average labor input for a particular population categogyG; as:
Njt = ugivvghgi.
9<G;
Depending on the question being asked in the main body ofaperng; may correspond, for instance,
to skilled individuals, or to skilled individuals working ia particular sector, or having a certain occupation.
Similarly, the average wage rate for subgrdbipis computed as the ratio between total weekly earnings

and adjusted weekly hours:
> geG; HgWgthgt

Wi =
J7t Nj.t

This provides a real hourly wage rate per unit of efficiengypied by groupj individuals>2
Sectors and Occupations

For the analysis by sector of activity, we use the NBER-e@&tdigit industry codes (variable “dind”)
and assign them to the 1-digit 1987 SIC categories (with Maatwring split into durable and non-durable
manufacturing).

For the analysis by occupation, one major difficulty is that data does not provide a time-consistent
occupational classification. Until 1982 it is based on thédl@ensus, but from 1983 until 2002 it is based
on the 1980 Census. We developed an assignment betweeit @edigpational codes (and when necessary
3-digit codes) and 1-digit codes. Using this assignmentdweot observe any break in the number of

people in each occupational category from 1982 to 1983. $higament rule is available upon request.

A.2. Controlling for Composition Effects

In this appendix we analyze the MORG data at lower levels gfegation and report the results regarding

the robustness of our stylized facts to possible compaoséftects.

compute average wages may differ from group to group. Alsoilar results obtain if the weights were based on any paldic

base-period wages.
520ur analysis implicitly assumes two separate markets filiedkand unskilled workers, each type earning a differeagevper

efficiency unit of labor supplied.
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A.2.1. Sectoral Composition

In order to address composition effects due to the sectoraposition of the workforce, we computed the
sectoral distribution of total hours worked by skill groupdathe business cycle statistics of total hours by
one digit sector and skill groufy. These are reported in Table 7. In the “Relative Volatilitglumns, we

report in parenthesis the ratio of post to pre-1984 relatiaadard deviation:
[Table 7 about here.]

As Table 7 suggests, in many service industries (see for leatihe row “Various Service Industries,”
which includes Business and Repair Services, Personaic8snEntertainment and Recreational Services,
and Professional and Related Services) the volatility gfegate hours has increased for both skilled and
unskilled workers, even if proportionally more for skillegbrkers. Moreover, within the manufacturing
sector the relative volatility of skilled hours has alsoregased significantly while the relative volatility of
unskilled hours has remained approximately constant (asiiables) or increased proportionally less (as
in nondurables}® This indicates that our results are not due to differencelédrsectoral composition of

employment across skilled and unskilled individuals.

53For the analysis by sectors and occupation, one major diffitsi that our data does not provide a consistent occupaition
classification over time. Until 1982, it is based on the 19n$is, but from 1983 until 2002 it is based on the 1980 Cergus.
overcome this problem, we have developed an assignmeneept+digit occupational codes (and when necessary 3atidés)
and 1-digit codes. Using this assignment we do not obserwbr@ak in the number of people in each 1-digit occupatioatdgory
from 1982 to 1983. Notice that our analysis by sectors andmstttons is restricted to 1979:1-2002:4 because, from 200zrds,

the CPS uses yet a different classification system, basedthpd®2000 Census.
54The statistics on employment and working hours per emplayartters are available from the authors upon request. Aadyre

observed in Section 2.2 for the broad aggregates, most ahifuiege across the two subperiods is accounted for by chamtfes

behavior of employment.
55 interpreting these disaggregated results, and thoskeofallowing subsections, it is worth to keep in mind two issu

First, one should naturally expect the labor aggregateginem sector (or occupation, as in the next subsection)jplay larger
volatility than in the aggregate, simply as a result of segdtimliosyncratic variations that tend to cancel out in thgragate. The
second issue is that the more disaggregated labor inputstbave computed with a relatively small number of observatio
Consequently, some of these disaggregated series arwalgiatoisy. For the same reason, since the number of olbsenga
differs across sectors, comparing the cyclical behavidalodér aggregates across sectors becomes potentiallyepmabt. Thus,
in order to try to minimize the effects of this small-sampteljem, we prefer to focus on tlthangesacross periods in the relative

volatilities of the various labor market aggregates in &gigector.
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As described in Section 2.3, in order to control more forgnédr these differences, we recomputed
the aggregate statistics of Table 1 by imposing that theesbhaggregate skilled hours worked in each
industry is equal to the analogous share for unskilled holoslo so, we exploited the fact that the cyclical
component of aggregate skilled and unskilled hours, dénog& andd;, can be expressed (approximately)
as the weighted average of the cyclical componéinamdﬁtj of industries’ hours, where the weighté[ and
Kﬂ,t are equal to the share of total hours worked in indugiryperiodt:>®

10
(8) § ~ Y kK§,

=1

10

Z KEJtUtj'
=1

Q

9) G

Our experiment consists of constructing a new measure édkiours, denoted bg', which is char-

acterized by the same sectoral distribution as unskillagdsho
S
§; = JZLKLHS{ .
[Table 8 about here.]

Table 8 reports the cyclical properties §f This table reveals that imposing the same distribution of
skilled and unskilled hours across sectors tends to makitheer more volatile in both sub-periods. The
relative volatilities of§' and§ in the second sub-period exceed the ones in the first subepbyi a factor
of, respectively, 2.41 and 2.81.We conclude that, even after controlling for differencethim composition
of hours across sectors, there has been a significant iecredise relative volatility of skilled hours since

1984.

56As a way of checking the validity of this approximation, weséaecomputed the moments of Table 1 using the right-hand

side of equations (8) and (9) as our measure of the cyclicaponment of skilled and unskilled hours, obtaining basjctile same

results as in that table.
57A related question is whether the increased volatility dfestt hours is due to an increase in their variances at thessdevel,

or in their covariances. Decomposing the increase in thamnee of total skilled hours relative to GDP into these twmponents
reveals that approximately 70 percent of this increase éstdthigher sectoral variances and the remaining 30 perodrigher

sectoral covariances.
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A.2.2. Occupational Composition

Table 9 displays the volatility and comovement with aggtedaDP of total hours by skill group and one-

digit occupation. We comment on this Table in the main tegc(®n 2.3).

[Table 9 about here.]

A.2.3. Males vs. Females

Table 10 represents the counterpart of Table 1 for the suipigaof white males workers aged 31 to %5.

We comment on this Table in the main text (Section 2.3).

[Table 10 about here.]

A.2.4. Skills vs. Education

Table 11 reports the main statistics regarding skilled argkilled hours when we label a worker skilled if
he or she has a master, instead of a college, dé§réde comment on this Table in the main text (Section

2.3).

[Table 11 about here.]

A.3. Canadian Data

Using Canadian household survey data from the Labour Fancee$ (LFS) we have constructed time series
of employment for the period 1976:1-2002:4. For simpliditythis case we just focus on employment since
most of the cyclical variation in total hours can be attrialito this margin. To construct these times series,
we applied the same sample selection criterion used for Bfe. @/e focused on individuals aged between
15 and 64 years that reported to be employed and at work, leex @itivate or public employees. Skilled
individuals are those classified by the LFS as having a usityedegree before 1990, and those classified as
being university graduates after 1990. This differencescidla change in the educational classification that

was implemented by the LFS starting in 1990. Unfortunatky,post-1990 classification is more restrictive

58The associated results for wages and the skill premium aiéahle from the authors upon request.
59The associated results for wages and the skill premium aitahle from the authors upon request.
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(excludes university certificates), and this induces afi@al drop in the number of skilled individuals from
December 1989 to January 1990. We dealt with this issue blyiagm constant multiplicative adjustment
factor to the whole pre-1990 series such that the numberilbédlemployed in December 1989 equalled
the one in January 1990. The workers in excess were adde@é tn#killed series before 1990. The raw
series were aggregated by quarters, and deseasonalizewiagefiltered as described in the beginning of
Section 2.2.

Table 12 presents the cyclical properties of employmentanada for the pre and post 1984:1 sub-

samples.
[Table 12 about here.]

These results reveal a dramatic increase in the volatitity @movement of aggregate employment for
college educated workers in Canada after 1984. The cyglicaderties of unskilled employment, instead,

remain roughly constant in the two sub-periods. This is #ieespattern found in the CPS d&fa.

600ne noteworthy difference between the statistics of TaBlerid those of Table 1 is that, differently from the U.S., #lative

volatility of skilled employment in Canada is closer to tb&tnskilled employment before 1984.
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Relative volatility

Comovement

Variable skilled unskilled aggregate skilled unskilled aggregate
1979:1-1983:4 Total hours 0.37 0.97 0.73 0.6% 0.88 0.9
Employment 0.32 0.82 0.67 0.25 0.86 0.87
Average weekly hours of work 0.18 0.17 0.11 0.7& 0.9¢% 0.7
1984:1-2003:4 Total hours 1.04 0.90 0.81 0.7% 0.69 0.8¢%
Employment 0.93 0.81 0.73 0.66 0.6% 0.7¢
Average weekly hours of work 0.30 0.26 0.22 0.4% 0.2¢8 047

Notes a, b, c denote correlations significant at 1, 5, and 10 percent keggectively.

Table 1: Volatility and co-movement of total hours, emplemhand average weekly hours per skill group

(Household Survey)
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Relative volatility Comovement

Variable skilled unskilled aggregate skilled unskilled aggregate
1979:1-1983:4 Hourly wage 0.75 0.57 0.63 0.29 0.4% 0.4r°

Skill premium 0.26 -0.11
1984:1-2003:4 Hourly wage 0.96 0.66 0.74 0.3 0.27 0.2¢9

Skill premium 0.60 0.15

Notes a, b, c denote correlations significant at 1, 5, and 10 percent legglectively.

Table 2: Volatility and co-movement of the skill premium ameges per skill group and in the aggregate
(Household Survey)
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Period Parameters Values Target Moments Values

1979:1-2003:4 A 0.73  Average labor share in GDP 0.70
u 0.54  Average wage bill ratio 0.56
o} -0.88  Average yearly growth rate of skill premium 1.06%

Table 3: Calibration under Constant Parameters
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Relative volatility Comovement
Total Hours skilled unskilled| skilled unskilled
1979:1-1983:4 Data 0.37 0.97 0.61 0.88
Benchmark 0.61 0.63
1984:1-2002:4 Data 1.05 0.91 0.73 0.74
Benchmark 0.79 0.69
Constanke/s after 1984| 0.76 0.69

Table 4: Quantitative Results under Constant Parameters
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Period Parameters Values Target Moments Values
1979:1-1989:3 A1 0.92  Average labor share in GDP 0.70
Hq 0.57  Average wage bill ratio 0.45
P1 -2.21  Average yearly growth rate of skill premium 1.36%
1989:4-2002:4 Ao 0.56  Average labor share in GDP 0.70
Mo 0.52  Average wage bill ratio 0.65
P> -0.40 Average yearly growth rate of skill premium 0.74%

Table 5: Calibration under Changing Parameters
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Relative volatility Comovement
Total Hours skilled unskilled| skilled unskilled
1979:1-1983:4 Data 0.37 0.97 0.61 0.88
Constant Parameters 0.61 0.63
Changing Parameters 0.55 0.46
1984:1-2002:4 Data 1.05 0.91 0.73 0.74
Constant Parameters 0.79 0.69
Changing Parameters 0.95 0.67

Table 6: Quantitative Results: effect of changing cagstall complementarity
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Hours’ share (%) Relative Volatility Comovement

Total hours in skilled unskilled skilled unskilled | skilled unskilled
1979:1-1983:4 Aggregate 100 100 0.37 0.97 0.618 0.8¢
Agriculture, Forestry and Fisherigs 0.67 1.77 2.54 1.18 0.03 -0.14
Mining 1.06 1.28 2.88 3.98 0.26 0.17
Construction 2.13 6.83 3.10 2.22 0.59 0.93
Manufacturing - durables 11.21 17.36 1.12 1.93 0.67 0.84
Manufacturing - nondurables 6.66 10.57 1.22 0.94 0.14 0.84
Transportation, Communications| 4.94 9.26 1.29 1.14 0.3 0.89
Wholesale and Retail Trade 10.13 19.74 1.11 0.77 -0.22 0.82
Finance, Insurance and Real Estate7.64 5.61 1.13 0.76 0.07 0.74
Various Service Industries 47.30 21.27 0.27 0.58 0.39 0.79
Public Administration 8.30 6.41 1.22 2.55 0.38 -0.14
1984:1-2002:4 Aggregate 100 100 1.04(2.81) 0.90(0.93) 0.7 0.69
Agriculture, Forestry and Fisherigs 0.59 1.75 9.20(3.62) 3.73(3.14) 0.17 0.07
Mining 0.66 0.80 | 12.30(4.26) 5.22(1.31) 0.03 0.03
Construction 2.12 7.63 5.52(1.78) 3.20(1.44) 0.42 0.66
Manufacturing - durables 9.73 13.65 | 3.42(3.06) 2.09(1.09) 0.42 0.66
Manufacturing - nondurables 5.77 8.56 2.84(2.32) 1.72(1.83) -0.04 0.42
Transportation, Communications| 6.14 9.68 2.87(2.23) 1.66(1.46) 0.38 0.52
Wholesale and Retail Trade 10.51 21.19 | 1.73(1.56) 1.26(1.63) 0.13 0.38
Finance, Insurance and Real Estate8.76 5.65 2.84(2.51) 2.24(2.93) 0.33 0.32
Various Service Industries 47.88 25.79 | 1.15(4.22) 0.78(1.33) 0.58 0.34
Public Administration 7.89 5.31 3.37(2.73) 2.57(1.01) 0.3¢ -0.03

Notes Hours' share is the average ratio of of total hours in a paldicoccupation relative to the aggregate. The numbersrenpizesis
are the ratio of post to pre 1984 relative standard deviatiam, c denote correlations significant at 1, 5, and 10 percent feggectively.

Table 7: Volatility and co-movement of total hours per sgibup, 1-digit industry (Household Survey).
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Relative volatility Comovement
Variable | skilled §) skilled @) | skilled (&) skilled &)
1979:1-1983:4 Total Hours 0.37 0.49 0.61 0.67#

1984:1-2002:4 Total Hours  1.04 1.18 0.7% 0.7¢

Notes a,b,c denote correlations significant at 1, 5, and 10 percent keggectively.

Table 8: Volatility and co-movement of total skilled houd§justing for sectoral composition effects (House-
hold Survey)
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Hours’ share (%) Relative volatility Comovement

Total hours in skilled unskilled skilled unskilled | skilled unskilled
1979:1-1983:4 Aggregate 100 100 0.37 0.97 0.618 0.88¢
Professional, Technical workels 55.84 8.83 0.42 1.78 0.39 0.5%
Managers, Officials, Proprietors 20.39 8.67 1.06 2.37 0.52 0.26
Clerical, Sales workers 15.37 25.55 0.56 0.75 0.06 0.68
Craftsmen, Foremen 452 20.74 1.83 1.17 0.41° 0.83
Operatives 1.73 18.27 2.78 1.77 -0.01 0.84
Laborers, Service workers 2.93 17.96 3.09 0.67 -0.4Z 0.87%
Farmers, Farm managers 0.07 0.05 9.04 8.19 0.49 0.10
1984:1-2002:4 Aggregate 100 100 1.04(2.81) 0.90(0.93) 0.7# 0.6%

Professional, Technical workers 53.77 11.23 | 1.44(3.40) 1.79(1.01) 0.6C¢ 0.29
Managers, Officials, Proprietors 21.40 9.89 2.00(1.88) 2.42(1.02) 0.54 0.3¢%

Clerical, Sales workers 15.48 2449 | 1.75(3.11) 1.21(1.60) 0.16 0.36
Craftsmen, Foremen 4.40 19.48 | 4.32(2.36) 1.52(1.30) 0.29 0.63
Operatives 1.84 1558 | 5.97(2.14) 1.46(0.83) -0.01 0.57
Laborers, Service workers 3.08 19.25 | 4.36(1.41) 1.07(1.60) -0.1& 0.54
Farmers, Farm managers 0.06 0.09 | 42.78(4.84) 17.68(2.16) -0.2¢° 0.02

Notes Hours’ share is the average ratio of of total hours in a paldicoccupation relative to the aggregate. The numbersrgnpizesis
are the ratio of post to pre 1984 relative standard deviatiab, c denote correlations significant at 1, 5, and 10 percent tegglectively.

Table 9: Volatility and co-movement of total hours per siilbup, 1-digit occupation
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Relative volatility Comovement

Variable skilled unskilled| skilled unskilled
1979:1-1983:4 Total hours 0.45 1.00 0.38 0.89
Employment 0.49 0.81 0.01 0.87
Average weekly hours of work 0.23 0.20 0.62 0.83
1984:1-2003:4 Total hours 1.56 0.89 0.56 0.6
Employment 1.34 0.77 0.48 0.528
Average weekly hours of work 0.37 0.37 0.47 0.5¢

Notes a, b, c denote correlations significant at 1, 5, and 10 percent lesgectively.

Table 10: Volatility and co-movement of total hours, empi@nt and average weekly hours per skill group
- Restricted sample: white, males, aged 31-55
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Relative volatility

Comovement

Variable skilled unskilled aggregate skilled unskilled aggregate
1979:1-1983:4 Total hours 0.51 0.80 0.73 0.25 0.96 0.9
Employment 0.45 0.71 0.67 0.01 0.88 0.87
Average weekly hours of work 0.19 0.13 0.11 0.62 0.8%2 0.7
1984:1-2003:4 Total hours 1.99 0.80 0.81 0.53 0.78 0.8¢%
Employment 1.85 0.74 0.73 0.5¢ 0.7 0.7¢
Average weekly hours of work 0.33 0.21 0.22 0.27 0.44 047

Notes a, b, c denote correlations significant at 1, 5, and 10 percent keggectively.

Table 11: Volatility and co-movement of total hours, empl@nt and average weekly hours per skill group:
alternative skill definition (skilled workers must have asteat degree)
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Relative volatility

Comovement

Variable

skilled

unskilled aggregat

p skilled unskilled aggregate

1976:1-1983:4 Employment

0.82

1.11

1.02

0.26 0.86 0.8%#

1984:1-2002:4 Employment

1.40

0.95

0.91

0.55% 0.7# 0.82

Notes a, b, c denote correlations significant at 1, 5, and 10 percent lesgectively.

Table 12: Volatility and co-movement of total hours, empl@nt and average weekly hours per skill group:
Canadian Labour Force Survey

74



