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Abstract

I conduct an empirical investigation of the cyclicality of the price of labor.
Firms employ workers up to the point where workers�marginal revenue product
equals the price of labor. If the labor market is a spot market, then the price of
labor is the wage. But often workers are contracted for more than one period. The
price of labor captures both the wage at the time of hiring and the impact of labor
market conditions at the time of hiring on future wages. The price of labor and
not wage is allocational for employment. Because it is not directly observed in the
data, I construct the price of labor based on the behavior of individual wages and
turnover. I �nd that smoothed wages within the employment relationship and
a wedge between the cyclicality of wages of newly hired workers and job stayers
generate substantial procyclicality of the price of labor. In particular, a one
percentage point increase in unemployment generates more than 4.5% decrease
in the price of labor. This cyclicality is three times higher than the cyclicality of
individual wages and also noticeably higher than the cyclicality of the wages of
newly hired workers. I conclude that the price of labor is very procyclical.

�This paper is built on a chapter of my doctoral dissertation at the University of Rochester. I am deeply
grateful to my adviser Mark Bils for his continuous guidance and advice. I also thank William Hawkins,
Baris Kaymak, Damba Lkhagvasuren, and Roman Sysuyev for useful comments and discussions. Financial
support from the 2005 - 2006 fellowship from W. Allen Wallis Institute of Political Economy is gratefully
acknowledged. The views expressed here do not necessarily re�ect those of the Federal Reserve Bank of
Richmond or the Federal Reserve System. All errors are mine.

yMailing address: Research Department, The Federal Reserve Bank of Richmond, 701 E. Byrd St.,
Richmond, VA, 23219. E-mail: marianna.kudlyak@rich.frb.org.

1



1 Introduction

Macroeconomists have long been interested in the cyclicality of real marginal costs of labor to

understand the dynamics of business cycles1. Early literature considered aggregate wages to

be a measure of real marginal cost and documented almost acyclical wages (Mankiw, Rotem-

berg and Summers 1985). Economists looked for ways to correct the measure of marginal

costs2. Starting with Bils (1985), the literature turned to examining individual wages, free of

composition bias3. Bils analyzes the cyclicality of individual wages distinguishing wages of

newly hired workers. He documents a signi�cant di¤erence between the cyclicality of wages

of workers who stay with their employers (job stayers) and the cyclicality of wages of workers

who change employers (job changers). The wages of job stayers on average decrease by less

than 1% if the unemployment rate increases by one percentage point, whereas the wages of

job changers decrease by as much as 3%4.

These �ndings suggest that wages within an existing employment relationship do not

respond to labor market conditions as readily as do wages of newly hired workers. Once

workers are hired, they are shielded from the e¤ect of labor market conditions. Such a wage

payment arrangement can arise in the presence of the implicit contracts between a worker

and a �rm5, by which a risk-neutral �rm insures a risk-averse worker against �uctuations in

productivity. If this is the case - if wages are smoothed within the employment relationship -

then neither average individual wage nor the wage of newly hired workers re�ects a marginal

cost of a worker.

In this paper, I propose a measure of the marginal cost of a worker to a �rm, the price

of labor, and estimate its cyclicality. The price of labor takes into account both the wage

at the time of hiring as well as the e¤ect of the economic conditions from the time of hiring

on future wage payments within the employment relationship. Formally, I de�ne the price

of labor as the di¤erence between the expected present discounted value of wages paid to a

worker hired in the current year and the expected present discounted value of wages to be

paid to an identical worker hired next year. Hence, the price of labor is the wage at the time

of hiring plus the expected present discounted value of the di¤erences from the next year

1The procyclicality of the real marginal cost of labor is an important feature of the real business cycle
model. See, for example, a discussion of the real business cycle theory and procyclicality of wages in Mankiw
(1989).

2See Rotemberg and Woodford (1999) for an extensive review.
3The argument about the composition bias is �rst mentioned in Stockman (1983).
4In a recent review, Pissarides (2007) reports these numbers as a consensus of the empirical literature on

the cyclicality of wages.
5See Thomas and Worrall (1988) for the example of the optimal self-enforcing contracts.
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and on between the wages paid in the relationship that starts in the current year and the

next year.

If the labor market is a spot market, then the price of labor is the wage. But often

a worker is contracted for more than one period. In fact, Beaudry and DiNardo (1991)

provide more direct evidence in favor of the history dependence of wages. They �nd that the

minimum unemployment rate from the start of the job a¤ects the wage more greatly than

does the contemporaneous unemployment rate. The price of labor captures the impact of

labor market conditions from the time of hiring on future wage payments.

The paper�s main �nding is that the constructed price of labor is more than three times

as cyclical as individual wages and noticeably more cyclical than the wages of newly hired

workers. I �nd that the price of labor decreases by more than 4.5% in response to a one

percentage point increase in the unemployment rate.

To understand the main empirical result of the paper, consider, for example, an environ-

ment where wages are smoothed as a result of optimal contracts between risk-neutral �rms

and risk-averse workers. When unemployment is high, hiring wages are low. In addition, the

wages in all subsequent periods in the contract are relatively lower than wages in contracts

initiated under more favorable economic conditions. If the unemployment rate is expected to

return to lower levels, hiring wages in the future are expected to rise. By hiring currently as

opposed to hiring the following year, a �rm "locks in" a worker to a relatively lower stream

of wages. In this case, the wage at the time of hiring overstates the price of labor. The price

of labor is lower by the expected di¤erence between the values of wages to be paid starting

from the following year to an identical worker hired in the following year and the worker

hired currently. Thus, when unemployment is high, hiring wage is low, but the price of labor

is even lower. This implies that labor�s price is more responsive to changes in unemployment

than the hiring wages are.

I conduct an empirical investigation of the cyclicality of the price of labor using the Na-

tional Longitudinal Survey of Youth 1979. Because the price of labor is not directly observed

in the data, I construct the empirical counterpart based on the behavior of individual wages

and turnover. First, I estimate an empirical model of the response of individual wages to the

history of unemployment rates from the time of hiring. As in Beaudry and DiNardo (1991),

I consider the initial unemployment rate, the minimum unemployment rate from the start

of employment relationship and the contemporaneous unemployment rate. Next, using the

estimated empirical model for wages, the empirical separation rate, I construct a series for

the price of labor. In the construction, future payments are discounted to take into account
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anticipated separation rates and the real interest rates. Finally, I project the constructed

series (the logarithm) of the price of labor on the contemporaneous unemployment rate.

The main idea of the paper builds on ideas of Barro (1977) and Hall (1980) who argue

that what matters to a �rm is the value of wages to be paid during the course of a �rm�worker

relationship6. Barro calls sticky wages just a "façade" of the implication of the long-term

labor contracts to short-term macro �uctuations. Kydland and Prescott (1980) note that the

weak procyclicality of real wage can su¤er from "cyclical measurement bias" because, with

implicit contracts, wage payments are not perfectly associated with labor services provided

each period. The concept of the price of labor de�ned here is analogues to the rental price

of capital and can be thought of as the user cost of labor.

Studies on wages cyclicality have evolved from examining aggregate wages to examining

individual wages of job stayers and job changers, documenting each of these wage statistics as

more cyclical than the preceding one. But, if economists accept that wage is not allocational

in the presence of implicit contracts, then the cyclicality of individual wages or wages of

newly hired workers may not equal the cyclicality of the labor�s user cost.

This paper, to my knowledge, is the �rst attempt to measure the cyclicality of the price

of labor taking into account the e¤ect of economic conditions at the time of hiring on future

wages. I build on previous �ndings in the literature on wage cyclicality, particularly the

�nding that wages of job stayers are more procyclical than wages of job changers. I �nd

that although the data show that individual wages are smoothed within the employment

relationship, a wedge between the cyclicality of wages of job stayers and job changers conceals

a substantial procyclicality of the price of labor a �rm incurs. Wage is not a relevant measure

of the price of labor to a �rm. The relevant measure of the price of labor is very procyclical.

The paper is organized as follows. In section 2 I derive the expression for the price of

labor. In section 3 I analyze the behavior of individual wages over the business cycle. In

section 4 I estimate the cyclicality of the price of labor and in section 5 I conclude.

2 The Price of Labor

Consider an economy populated by in�nitely lived �rms and in�nitely lived workers. Assume

that if a �rm decides to hire, a worker is always available for hire. The only costs associated

6In the words of Hall (1980), "to see what is happening today in the labor market, one should look at
the implicit asset prices of labor contracts recently negotiated, not at the average rate of compensation paid
to all workers."
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with hiring a worker are wage payments. A �rm pays according to the wage schedule agreed

on when the worker is hired. Every period, a nonzero probability exists that a worker and a

�rm will exogenously separate7.

The price of labor can be thought of as the user cost of labor, i.e. per period cost of a

worker to a �rm. If workers are hired in a spot market, the price of labor is just the wage.

However, workers are often contracted for more than one period. In that case, economic

conditions at the time of hiring may have an e¤ect on future wage payments. To capture the

e¤ect of economic conditions on future wages, the price of labor is de�ned by analogy with

the implicit rental price of capital. The rental price of capital is the di¤erence between the

purchase price and the expected price that can be recovered from selling the un-depreciated

part of the factor after utilization.

Let wt;t+� denote the wage paid in period t + � to a worker hired in period t, �t denote

the separation rate at which a worker separates from the �rm in period t, and let � denote

a discount factor, where 0 < � < 1. The expected present discounted value of wages to be

paid to a worker hired in period t is given by

Ct = wt;t + Et

1X
�=1

 
��

��1Y
k=0

(1� �t+k)
!
wt;t+� ; (1)

where Et = E(:jIt) and It is the information set at time t.
Equation (1) states that a worker hired in period t is paid a wage wt;t. With probability

1 � �t the employment relationship survives until the period t + 1 and the worker is paid
wage wt;t+1. With probability �t the relationship is terminated and the �rm pays nothing.

The implicit asset price of labor in period t is the di¤erence between the expected present

discounted value of wages paid to a worker hired in t and the expected present discounted

value of wages paid to a worker hired in t+ 1:

Pt = Et [Ct � �(1� �t)Ct+1] : (2)

Hence, the price of labor is the expected di¤erence in cost between two alternatives: hiring

a worker this period, or hiring a worker next period with probability (1 � �t). These two
options di¤er only in how many workers the �rm employes this period; they give the same

expected employment levels in all future periods. Therefore, the di¤erence between them

gives the implicit price of the services of one worker this period.

7In what follows I use the terms "job" and "�rm" interchangeably.
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Substituting from (1), I obtain the following expression for the price of labor8:

Pt = Et

"
wt;t +

1X
�=1

 
��

��1Y
k=0

(1� �t+k)
!
(wt;t+� � wt+1;t+� )

#
: (3)

Equation (3) implies that the price of labor in period t is the sum of the hiring wage in

period t and the expected present discounted value of the di¤erences between wages paid

from the next period onward in the employment relationship that starts in period t and the

employment relationship that starts in period t + 1. If wages are renegotiated every period

and depend only on contemporaneous labor market conditions, i.e. wt;t+� = wt+1;t+� for

all � � 1, then the second term in expression (3) vanishes. Otherwise, the price of labor

takes into account the expected value of the total stream of payments associated with the

employment relationships that start in period t and in period t+1, respectively, conditional

on information available at time t.

If wages are renegotiated every period and depend only on contemporaneous labor market

conditions, that is, wt1;� = wt2;� for all t1; t2; and � � t1; t2, then the second term in expression
(3) vanishes.

Following the empirical literature on the cyclicality of wages (Bils 1985), the cyclicality of

the price of labor is the expected proportional change in the prices of labor, Pt; in response

to a unit change in the unemployment rate, Ut. Hence, it is the projection of lnPt on Ut,

which can be measured as the regression coe¢ cient of lnPt on Ut:

CI =
cov(lnPt; Ut)

var(Ut)
: (4)

De�ne PRt to be the realized, ex post value of the price of labor. Then

Pt = Et(P
R
t ): (5)

Next, de�ne the random variable "t according to the following equation:

PRt = Pt"t;

where "t is independent of the variables in the information set It. Then the covariance of

8See Appendix A for the proof that Etjwt;t +
P1

�=1

�
��
Y��1

k=0
(1� �t+k)

�
(wt;t+� � wt+1;t+� ) j <1.
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lnPRt with the unemployment rate, Ut, is:

cov(lnPRt ; Ut) = cov(lnPt; Ut) + cov(ln "t; Ut): (6)

Because the information set It contains the contemporaneous unemployment rate, Ut, and

"t is independent of It, the last term in (6) is 0. Then, the following equality obtains:

cov(lnPRt ; Ut) = cov(lnPt; Ut):

This yields the following expression for the cyclicality of the price of labor:

CI =
cov(lnPRt ; Ut)

var(Ut)
: (7)

Now the task is to construct an empirical counterpart of (5) and to estimate the cyclicality

indicator in (7). The price of labor is not directly observed in the data. To construct the

empirical counterpart of the realized price of labor, PRt , I need the series of individual

wages and the separation rates, indexed by the period when a worker is hired and the

contemporaneous period. In section 4 I describe how to obtain an estimate of the realized

price of labor and the cyclicality indicator.

3 Evidence on Wage Smoothing Within Employment

Relationships

The goal of this section is two-fold. First, I provide an empirical evidence from the individual

wages that motivates the price of labor as opposed to the wage as a measure of the (wage

component of the) user cost of labor9. Second, I provide empirical evidence that gives the

intuition behind the main empirical result of the paper, which will be presented in the next

section - that the price of labor is considerably more procyclical than individual wages.

9The user cost of labor includes all costs associated with adding a worker to a �rm: wage payments,
training costs, hiring costs. In the paper the price of labor refers to the wage component of the user cost of
labor.
For example, in Kudlyak (2007) the user cost of labor is derived in a search and matching model. There,

the user cost of labor consists of the wage component of the user cost of labor and the hiring cost component
of the user cost of labor. The latter arises in a search and matching model due to costs to create vacancies.).
Second, I provide empirical evidence that gives the intuition behind the main empirical result of the paper,
which will be presented in the next section, - that the price of labor is considerably more procyclical than
individual wages.
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From (3), note that if the wage in the employment relationship is renegotiated every

period and depends only on the contemporaneous economic conditions, i.e. wt;t+� = wt+1;t+�
for all � � 1, then the price of labor is the wage. However, if wages exhibit history dependence
on the economic conditions from the start of the job, in general the price of labor does not

equal the wage. In this section I present empirical evidence that wages depend on the history

of the unemployment rates from the start of the job.

I further present the evidence that wages of newly hired workers are more procyclical

than wages of workers who do not change jobs. This di¤erence in the cyclicality provides an

insight into the cyclicality of the price of labor, estimated in section 4.

3.1 Data

I use National Longitudinal Survey of Youth (henceforth NLSY), 1978 - 2004. The survey

collects information on work history of a nationally representative sample of young individ-

uals who were between 14 and 21 years of age in 1979 when the �rst interview was taken.

I focus on the cross-sectional sample that represents the non-institutionalized civilian

population and further restrict my analysis to males. This restriction is typical in other

empirical studies of wage cyclicality (see, for example, Beaudry and DiNardo 1991; Solon

and Shin 2007). Hence, I work with the following sub-samples, as de�ned in NLSY: 1 = cross-

sectional white males, 3 = cross-sectional black males, 4 = cross-sectional Hispanic males, 5 =

cross-sectional white females, 7 = cross-sectional black females, 8 = cross-sectional Hispanic

females. The following sub-samples are not included in the analysis: cross-sectional poor

white males (2), cross sectional poor white females (6), all supplemental (9-14), and military

sub-samples (15-20).

The data set is suited for the purposes of this study because it separately records wages

and other job characteristics for up to �ve jobs that an individual might hold between two

consecutive interviews. By tracking individuals over the years, I can isolate the individual-

speci�c �xed e¤ects. In addition, if a worker simultaneously held more than one job, the

NLSY79 kept a separate record for each job, as opposed to PSID data that report the average

wage in such cases.

On the other hand, the data contain information on individuals at the early stages of

their labor market experience. Because jobs taken at the early stages of an individual�s labor

experience may be predominantly seasonal or temporary, these job changers may dispropor-

tionately a¤ect the wage cyclicality. To alleviate this problem, I restrict the observations

included in the wage equation to the observations of individuals who started a job at the
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age of 16 and older, were 20 and older at the time of the observation, and reported being

out of school. When I use workers��xed e¤ects in the estimation, the sample is restricted

to the workers having more than one observation. The details on the sample restrictions are

provided in Appendix B.

Wage is an hourly pay variable constructed by NLSY. I de�ate wages using the annual

CPI index of the year the observation refers to. Unemployment rate is the annual, national,

civilian unemployment rate for ages 16+ obtained from the Bureau of Labor Statistics.

Contemporaneous unemployment rate is annual unemployment rate of the calendar year when

the respondent reported last working at the job. Minimum and maximum unemployment

rates are minimum and maximum, respectively, of the unemployment rates of the calendar

years from the start year to a contemporaneous year.

3.2 Individual Wages Over the Business Cycle

3.2.1 Dependence of Wages on Past Unemployment Rates

The price of labor di¤ers from an ongoing hiring wage if wages exhibit dependence on the

history of labor market conditions. I examine the response of individual wages to the history

of labor market conditions a worker experiences from the time of hiring. Labor market

conditions are captured by the national unemployment rate.

The empirical model for wages is similar to Beaudry and DiNardo (1991) and is speci�ed

as follows:

ln(wj;t0;t) = 
�j;t0;t + 
startUt0 + 
cUt + 
minmin fU�g
t
�=t0

+ 
maxmax fU�g
t
�=t0

+

�j + "j;t0;t; (8)

"j;t0;t = �1t0 + �
2
t + �j;t; (9)

where wj;t0;t is an hourly wage of a worker j in year t who was hired in year t0; �j;t0;t is

a vector of the individual and job-speci�c characteristics of a worker j in year t hired in

year t0; U� is an unemployment rate in year � , �j is an individual-speci�c time-invariant

e¤ect; and �j;t is an individual- and time-varying error term. �j;t+� is assumed to be serially

uncorrelated as well as uncorrelated across individuals with mean 0 and constant variance

�2�.

Error terms �1;t0 and �2;t are year-speci�c and re�ect the e¤ect on wages of the aggre-

gate labor market conditions during the year a worker was hired, t0; and at the time the
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observation was taken, t, respectively. Clustering is necessitated by the inclusion of the

aggregate unemployment rates to explain individual separations. Moulton (1990) describes

the downward bias in the standard errors that results from the possible correlation of the

unobserved aggregate time e¤ect in the error term with aggregate explanatory variables used

to explain changes in individual variables. Wooldridge (2003) provides a good case for clus-

tering standard errors as a possible remedy to the problem. Recently, Cameron, Gelbach,

and Miller (2006) propose a parsimonious way to account for a two- (or multi-) way random

e¤ects errors and clustered regressors. In particular, they allow for the two-way clustered

heteroscedastic errors, where �1;t0 and �2;t are correlated.

To estimate standard errors in (8) I employ Cameron, Gelbach, and Miller (2006) two-way

cluster-robust method. In particular, the variance�covariance matrix of their estimator is an

adjusted sum of the variance�covariance estimates from the clustering by each dimension, t0
and t, separately minus the variance covariance estimate from clustering by the two variables

simultaneously, that is, by each ft0; tg pair. Equation (8) is estimated using OLS, controlling
for the individual �xed e¤ect. Vector of individual- and job-speci�c characteristics, �j;t0;t;

includes grade, quadratic in potential experience, quadratic in tenure, dummy for union

status, dummy for missing union information, and four measures of unemployment rates10.

Speci�cation in (8) is similar to Beaudry and DiNardo (1991), except I add a worker�s

maximum unemployment rate as in Grant (2003). This rate allows the capture of a possible

downward adjustment in wages when unemployment rates are high. Beaudry and DiNardo

interpret the speci�cation as nesting three di¤erent contract models of the e¤ect of labor

market conditions on wages. If wages are in�uenced only by contemporaneous labor market

conditions and are set in a spot market, the e¤ect of past unemployment rates on wages is

expected to be insigni�cant. The coe¢ cient on the contemporaneous unemployment rate,


c, is expected to be negative. If wages are set according to contracts with full commitment

and mobility is costly, then wages are expected to be in�uenced by initial labor market

conditions at the time the job starts. In this case the coe¢ cient on the unemployment rate

at the start of the job, 
start; is expected to have a signi�cant negative impact. If wages are

10The regressions are estimated using annual measures of the unemployment rates. The estimated stan-
dard errors are clustered two-ways: by the year the job starts and the contemporaneous year. In most
speci�cations it amounts to 28 and 30 clusters, respectively. From the Monte Carlo simulations in Cameron,
Gelbach, and Miller (2006), this number of clusters delivers satisfactory results, provided su¢ cient number
of observations in each cluster. As a robustness check I reestimate the regressions using monthly measures
of unemployment rates and, consequently, clustering by the start and the contemporaneous unemployment
months. This increases the number of clusters to approximatelly 300 in each dimension. The conclusions
about the signi�cance of the coe¢ cients do not change or change only marginally (signi�cance increases) in
most of the cases. The estimation results are available in Supplementary Appendix 1 from the author.
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set by contracts and mobility is costless, then whenever market conditions improve, the wage

is expected to rise. In this case, the coe¢ cient on the minimum unemployment rate since

the start of the employment relationship is expected to be negative. Finally, inclusion of the

maximum unemployment rates allows for the possibility of �rms adjusting wages downward

when labor market conditions worsen.

Equation (8) can also accommodate the model where a worker receives job o¤ers while

employed, and the ongoing wage is adjusted to re�ect those o¤ers if the �rm wants to retain

the worker11. The goal in this section is to establish the dependence of wages on the history

of unemployment rates in the data without establishing the source of the dependence.

In Table 1, I present results of estimating equation (8) with only one measure of unem-

ployment rate� contemporaneous unemployment. In Column 1 the equation is estimated on

the whole sample with the sample restrictions as described in section 3.1. The coe¢ cient

on unemployment indicates that as the contemporaneous unemployment rate increases by

one percentage point, wages on average tend to decrease by 1.51%. Because data contain

information on up to �ve jobs between interviews, the sample not restricted to the current

or most recent job at the time of the interview (henceforth, CPS jobs12) may oversample

workers who tend to change jobs more often. Given more procyclical wages of job changers

(Bils 1985; Devereux 2001, among others), one would expect the cyclicality of wages in the

restricted sample to be lower. Results for the CPS sample show that the response of wages

to unemployment rate decreases to statistically insigni�cant 1.24%. The coe¢ cient is also

somewhat lower when I restrict the whole sample to observations with 30 hours worked per

week or more13.

Next, I add the past unemployment rates to the explanatory variables. Table 2 contains

results from estimation wage regression (8) with three measures of unemployment rates:

the unemployment rate from the time a worker is hired, the minimum unemployment rate

experienced by a worker while on the job, and the contemporaneous unemployment rate. This

speci�cation is analogous to the original speci�cation of Beaudry and DiNardo (1991) with

the exception of added quadratic in tenure and dummy for missing union status. Column 1

contains the coe¢ cient estimates and columns 2 �5 contain standard errors obtained using

di¤erent corrections for standard errors. As compared with the results in Table 1, once

the e¤ect of the minimum unemployment rate is not restricted to zero, the e¤ect of the

11See, for example, the model in Postel-Vinay and Turon (forthcoming).
12These jobs are labelled "CPS jobs" in NLSY79.
13Tables for the restricted samples are contained in Supplementary Appendix 1 available from the author.
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contemporaneous unemployment rate decreases substantially. This result is consistent with

the �ndings in Beaudry and DiNardo (1991). In particular, a one percentage point decrease

in the unemployment rate experienced during a worker�s tenure leads to more than a 3%

increase in wages. At the same time, the e¤ect of the contemporaneous unemployment rate

is close to zero. Once the standard errors are clustered, the contemporaneous unemployment

rate�s signi�cance drops from marginally signi�cant to highly insigni�cant. The coe¢ cient

on the start unemployment rate indicates that workers hired when the unemployment rate

is high on average receive lower wages: for every percentage point increase in unemployment

rate at the time of hiring, wages drop by approximately 1.75%.

Standard errors in columns 2 �5 demonstrate the pitfalls of using aggregate variables to

explain individual variables described in Moulton (1990): standard errors are substantially

lower in column 1 where no measures are taken to remedy possible correlation of the time

e¤ect in the error term with the aggregate explanatory variables. In column 3, I cluster

standard errors by a contemporaneous year; that is, correlation of the error term is restricted

to be the same for the observations taken at the same year. Column 4 presents standard errors

clustered by each ft0; tg pair in the sample. Finally, column 5 presents the two-way clustered
standard errors of Cameron, Gelbach, and Miller (2006). Because standard errors corrected

by two-way clustering are close to the standard errors clustered by a contemporaneous year,

I employ this one-way clustering in the wage regressions that follow. Estimation on the

CPS sample and sample with weekly hours restriction delivers a similar conclusion about

the importance of the minimum unemployment rate14.

From the estimation I conclude that wages are a¤ected by the history of unemployment

rates experienced from the time of hiring by a worker. Once the history is considered, the

e¤ect of the contemporaneous unemployment rate is comparatively small both statistically

and economically.

Table 3 contains results of estimating equation (8) with four measures of unemployment:

the unemployment rate at the time of hiring, the minimum and maximum unemployment

rate, and the contemporaneous unemployment rate. Column 1 shows results of estimation

based on the whole sample. Estimation delivers a statistically signi�cant coe¢ cient of -1.28%

on the maximum unemployment rate, a coe¢ cient on the minimum unemployment rate of

14In addition, I estimate the wage equation using the monthly unemployment rates, where the contem-
poraneous month corresponds to the months a respondent reported last working for the job. This increases
the number of clusters to more than 300. The results are similar to the results with the annual unemploy-
ment rates and the main lessons endure. The tables with the results for restricted samples and monthly
unemployment rates are available in Supplementary Appendix 1 from the author.
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-2.75% and a coe¢ cient on the start unemployment of -1.21%.

In the sample the e¤ects of the four di¤erent unemployment rates are identi�ed by those

individuals for whom at least two of those rates are di¤erent. That is, for the observations

associated with the same calendar start year and contemporaneous year, all four measures

of unemployment are the same annual unemployment rate. Those observations constitute

approximately 20% of the sample. I restrict the sample to the observations for which the

calendar start and contemporaneous year do not coincide. The results of this estimation

are presented in column 2 of Table 3. The coe¢ cient on the maximum unemployment rate

drops to -0.83% with standard error 0.73%. The e¤ect of minimum unemployment becomes

even more pronounced at -3.28%. Column 3 presents results for the same restricted sample

but without the maximum unemployment rate. Clearly, the conclusions from Table 2 are

reinforced here15.

3.2.2 Wages of Newly Hired Workers and Unemployment Rate

To examine possible di¤erent response of wages of newly hired workers to the current labor

market conditions, I restrict the sample to 1) the observations on individuals with less than

one year of tenure, and 2) the observations on individuals with at least two years of tenure.

The results of the estimation are presented in columns 2 and 3 in Table 1, respectively. In the

sample of newly hired workers (tenure less than 1 year) the coe¢ cient on the contemporane-

ous unemployment rate is -3.10%. In the sample of workers who stay at the job for two years

and longer, the coe¢ cient on the contemporaneous unemployment rate is 0.29% and is not

statistically signi�cant. It follows that wages of newly hired workers respond substantially

more to changes in the contemporaneous unemployment rate than do wages of all workers.

This conclusion is supported in the earlier literature (see summary in Pissarides (2007)).

15In the regressions above, I include a parsimonious set of explanatory variables. When in addition to
education, experience, tenure and union variables I add industry dummies, marital status, and region of
residence, the coe¢ cients on the minimum, initial, and contemporaneous unemployment rates decrease only
slightly in magnitude. These results are contained in Supplementary Appendix 1 available from the author.
The conclusion about the importance of the history of the unemployment rates for the individual wages
remains unchanged.
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3.3 Implication of Wage Smoothing for the Cyclicality of the Price

of Labor

The empirical results above go inline with the �ndings in the literature on the cyclicality of

individual wages. I �nd that (1) wages exhibit dependence on the past history of unemploy-

ment, and (2) wages of newly hired workers are substantially more procyclical than wages

of workers who remain on the job for some time. In turn, the results imply that wage alone

does not summarize the wage commitment a �rm takes upon hiring a worker. The relevant

measure of a cost of a worker to a �rm should take into account both the wage at the time

of hiring and the e¤ect of the economic conditions at the time of hiring on future wages.

The empirical facts established on the cyclicality of wages of all workers and of newly

hired workers give an intuitive prediction about the cyclicality of the price of labor. Business

cycles can be described by high unemployment rates in recessions and low unemployment

rates in booms. Consider a �rm that hires a worker towards the end of a recession, when

the unemployment rate is high, as opposed to hiring later, when the unemployment rate

is expected to return to its lower level. In the previous section it has been shown that

wages of newly hired workers are procyclical. Hence, when hiring currently, a �rm pays a

comparatively lower hiring wage. The low hiring wage may re�ect the low bargaining power

of workers given the high unemployment rate. In addition, it has been also established that

wages of workers who remain at the same job for some time (those with longer tenure) are

also procyclical but respond much less to the changes in the contemporaneous unemployment

rate than do wages of newly hired workers. Once workers are hired, their wages are shielded

from the e¤ect of contemporaneous labor market conditions and bear the e¤ect of the past

unemployment rates. Thus, by hiring currently, a �rm locks-in a worker to a stream of wages

that is expected to be lower than the stream of wages to be paid to an identically productive

worker hired under the more favorable economic conditions. As a result, a per period cost of

a worker to a �rm, the price of labor, is even lower than the already low hiring wage because

the price of labor re�ects also comparatively low future expected wages. The opposite is

true when a worker is hired at the peak of the cycle, when the unemployment rate is low

but is expected to rise. Then the price of labor is higher than the hiring wage. Thus, the

procyclical hiring wage and the "lock in" cause the price of labor to be more procyclical than

the hiring wage.

Support for the conjecture that the price of labor is more procyclical than the wages of

newly hired workers in the model where wages are smoothed within employment relationships
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can be found in Kudlyak (2007). She considers the implicit self enforcing contracts of Thomas

and Worrall (1988) in a search and matching model of Mortensen and Pissarides (1994). The

implicit contracts arise because risk-averse �rms insure risk-neutral workers against �uctu-

ations in productivity absent other means for smoothing consumption for workers. Three

types of contracts are distinguished depending on the commitment assumption: full commit-

ment contracts, one-sided lack of commitment from worker�s side and full commitment from

�rm�s side, and two-sided lack of commitment from both worker�s and �rm�s side. In the

models, two identical workers who were hired in di¤erent periods may have di¤erent wages

in the same period due to insurance considerations and the loss in worker�s value associated

with becoming unemployed. The simulations of the series of wages all workers, wages of

newly hired workers and the price of labor (wage component of the user cost of labor) reveal

that the model generates the price of labor that is substantially more procyclical than the

wages of newly hired workers, which in turn are more procyclical than wages of all workers

pooled together. The results remain true for all three type of contracts considered.

4 Cyclicality of the Price of Labor

In this section I describe the estimation of the cyclicality of the price of labor introduced

in section 2. First, I start with describing how the series of the realized price of labor is

constructed from the data on individual wages and turnover. Second, I present the main

empirical result.

4.1 Construction of the Price of Labor

The price of labor is not directly observed in the data. Hence, I construct the (realized) price

of labor from the individual wage and turnover data. From section 2, the realized price of

labor, PRt , is:

PRt = wt;t +

1X
�=1

 
��

��1Y
k=0

(1� �t+k)
!
(wt;t+� � wt+1;t+� ): (10)

The construction of the empirical counterpart of PRt ,
dPRt ; involves a few challenges. First,

calculations of the price of labor requires two series of wages for each t in the sample period

� a series of wages to be paid to a worker hired starting in time t and a series of wages to be

paid to an identical worker hired the next period. Second, calculation of the price of labor

requires a series of separation rates. Finally, the expression for the price of labor assumes
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in�nitely lived �rms and workers; thus the calculations involve in�nite sums. I deal with the

last issue by truncating the calculations of the sum at di¤erent time horizons and checking

the sensitivity of the calculated cyclicality indicator to its truncation horizon.

To obtain the series of the price of labor, I proceed as follows.

Step 1.

First, I specify the following model for wages in year t of worker j hired in period t0:

lnwj;t0;t = c+
2004X
�=1979


S�D
S
�;t0
+

2004X
�=1979


C� D
C
�;t + � � t+	Xj;t + �j + "j;t; : (11)

where DS and DC are two sets of time dummy variables that assume values as follows: for

the job that starts in t0 and is observed in t, DS
�;t0

= I(� = t0) and DC
�;t = I(� = t), where

I(�) is an indicator function. The data spans the sample period from 1978 to 2004; thus,

there are 26 time dummies in each set, excluding the omitted base categories. Xj;t is a

quadratic in experience; �j is a worker-speci�c individual �xed e¤ect and "j;t~N(0; �2").

The speci�cation in (11) is similar to wage equation (8). Except here each dummy

contains the time-speci�c e¤ect of all economic conditions ,including the e¤ect of the un-

employment rate. The task here is to obtain the expected wage for each ft0; tg pair in the
sample period, conditional on worker characteristics.

I estimate equation (11) using �xed e¤ects OLS weighting each observation by sampling

weights.

Step 2.

Second, using the coe¢ cient estimates from (11) I calculate the �tted values for wages,dwt0;t, for all t0 and t : t0; t = f1979; 2004g; t0 � t:
dwt0;t = exp�\constw + b�t+ b	X + c
St0 +c
Ct � ;

where t and X are sample means. Note that Et(dwt0;t) = wt0;t= exp
�2�
2
. Assuming that

�2� = const andX uncorrelated with the contemporaneous unemployment rate, the cyclicality

indicator does not depend on the actual values of t; X and �2� .

Step 3.

To obtain the series of separation rates I proceed in two steps: �rst, I detrend the monthly

separation rates; second, I estimate a linear probability model of the detrended monthly

separation rates with a set of contemporaneous time dummies as explanatory variables. In

the �rst step I estimate the linear probability model with dependant variable taking value
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1 if a worker does not work for the same job in the next month and 0 otherwise. The

explanatory variables are the quartic in monthly trend. I subtract the value of a quartic

in trend multiplied by the estimated coe¢ cients from the dependent variable and add the

value a quartic of a trend calculated at the mean multiplied by the estimated coe¢ cients.

In the second step, I run the constructed series on a set of contemporaneous time-dummies.

Then, using the coe¢ cient estimates on the set of contemporaneous dummies, I obtain �tted

projections, b�t, for all t : t = f1; 324g. For the robustness check, I have also repeated this
procedure with the probit in the �rst step instead of a linear probability model16. The

results on the cyclicality remain the same. Alternatively, I also obtain the series of the

separation rates without detrending. In this case I estimate the probit regression with the

monthly separation rate as a dependent variable and a set of contemporaneous dummies as

explanatory variables. I present the results on the estimated cyclicality of the price of labor

for detrended and non-detrended series of separation rates.

Finally, I use monthly �tted projections to obtain annual separation rates, c�At . For all
t : t = f1978; 2004g: c�At = 1� 12Y

�=1

(1� c�� t); (12)

where c�� t is a �tted monthly separation rate in a calendar month � of year t.
Step 4.

I set a truncation horizon in calculating the second component of the realized price of

labor in (10), � tr to 7 years. Truncation of the time horizon for calculating the price of labor

can be justi�ed by two considerations. First, the discount factor, which includes turnover

rate and the real interest rate, increases. This in turn decreases the weight of the terms

far in the future. Second, if the model behind the dependence of wages on the history of

unemployment rates is Thomas and Worrall (1991) and the unemployment rate follows the

mean-reverting process, then wages in the employment relationships that started in di¤erent

years but that have lasted long enough to experience the periods of minimum and maximum

unemployment rates will be the same. In that case the terms in brackets in (10) will be

equal for some high enough � .

Later I examine the sensitivity of the estimated cyclicality of the price of labor to di¤erent

horizon truncation considering � tr equal 5, 7 and 9 years. Increasing the truncation period,

� tr, decreases the number of the periods the price of labor can be calculated for, given the

�nite length of the sample period. For example, given the truncation period 7 years and the

16In the second step the dependent variable is not 0 or 1 and probit regression is not applicable.
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sample period from 1978 to 2004, the price of labor can be calculated for 20 years, from 1978

to 199717.

Step 5.

Finally, I calculate the empirical counterpart of the realized price of labor using the

constructed series [wt1;t2 and
c�At and the truncation horizon � tr. I set a discount factor,

�, to correspond to the real annual interest rate of 4.5%. To obtain the cyclicality of the

constructed price of labor, I regress the logarithm of the constructed realized price of labor

on the unemployment rate and a time trend. The reported cyclicality coe¢ cient is the

coe¢ cient on the unemployment rate multiplied by 100%.

4.2 Main Empirical Result

The main results are presented in Table 6. In the �rst row I present estimates of the

cyclicality of the price of labor constructed using constant separation rate. The constant

annual separation rate is constructed using equation (12) with b�t = 0:029, the weighted

average non-detrended monthly separation rate. In this case the constructed price of labor

depends on the hiring wage and the di¤erence between wages paid to the worker hired in

the current year and the following year. In the next rows I present the cyclicality of the

price of labor constructed using the separation rates that depend on the contemporaneous

period using the procedure described in the Step 3 above for detrended and non-detrended

series of the separation rates, respectively. The cyclicality of the price of labor in Table 6 is

calculated for the period 1978 - 1997.

The results of the estimation indicate that the cyclicality of the price of labor is much

higher than the cyclicality of individual wages. In particular, the cyclicality of the price

of labor calculated using non-detrended series is -4.92%, which implies that as the unem-

ployment rate increases by one percentage point, the constructed price of labor on average

decreases by 4.92%.

In Table 7, I present the cyclicality results for the constructed price of labor truncated

at 5, 7 and 9 periods, respectively. For comparison purposes, for all truncation horizons the

cyclicality is calculated for 18 periods for which the data on the price of labor in all the

cases is available. As can be seen from the table, as the truncation horizon increases, the

cyclicality increases. For example, if the horizon is truncated at 5 years, the cyclicality of

17This number of observation is typical for the papers on the cyclicality of wages that employ a two-step
estimation procedure as in Solon, Barsky and Parker (1994) or Devereux (2001). For example, Devereux
(2001) reports 22 observations in the second-stage regression.
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the price of labor constructed using non-detrended separation rates is -4.59%. It increases to

-4.96% if the horizon is truncated at 9 years. In the last row of Table 7 I present the results

for the cyclicality of the price of labor allowing the separation rates depend on the history of

unemployment rates from the start of the job. I �nd that accounting for the separation rate

depending on the history of the unemployment rate from the time of hiring does not change

the main empirical result on the cyclicality of the price of labor18.

From the estimation results I conclude that the cyclicality of the price of labor is more

than -4.5%, which is substantially higher than the cyclicality of individual wages of all workers

and also noticeably higher than the cyclicality of wages of newly hired workers.

5 Conclusion

If labor is purchased in a spot market, then the wage is the price of labor. However, when

wages depend on the history of the labor market conditions from the start of the job, the

price of labor for the �rm is the sum of the wage at the time of hiring and the expected e¤ect

of the economic conditions at the time of hiring on future wages. In this paper, I construct

the price of labor and examine its cyclicality with respect to unemployment.

I have found that a one percentage point decrease in the unemployment rate is associated

with more than a 4.5% increase in the constructed price of labor. Consequently, the price of

labor is much more procyclical than individual wages and also noticeably more procyclical

than the wages of newly hired workers.

18By de�nition, the price of labor is the di¤erence between the two expected present discounted values of
wages: (1) the expected present discounted value of wages paid to a worker hired in t and (2) the expected
present discounted value of wages paid to an identical worker hired in t+ 1. Suppose instead that a worker
hired in t+1 has, for example, higher productivity, which is re�ected in higher wages, in some periods from
t + 1 and onwards as compared to a worker hired in t. Then the price of labor constructed as described
above will also re�ect the di¤erences in future productivities in addition to the (wage component of) user
cost of labor at time t.
Two considerations may render the di¤erence between the two expected present discounted values of wages

speci�ed above to also re�ect the di¤erences in the productivities. First, an observationally equivalent worker
hired in t + 1 may have a di¤erent individual speci�c e¤ect which is re�ected in wages as compared to a
worker hired in t. In the construction of the price of labor I control for this e¤ect by estimating the �xed
e¤ects regression for wages. Second, if the quality of the match depends on economic conditions at the time
of hiring, the productivity of a �rm-worker pair may change as a consequence. Bowlus (1995) �nds the
evidence that the unemployment rate at the time of hiring has a positive impact on separation rates.
In Appendix C I �rst estimate the response of the separation rates to the unemployment rate at the time

of hiring and to the contemporaneous unemployment rate. I �nd that the unemployment rate at the start
of the job has a slight positive impact on the probability of future separation. Then, I construct the price of
labor allowing the separations rates depend both on the contemporaneous and the hiring time period and
estimate the cyclicality. The estimated cyclicality of the price of labor is still more than -4.5%.
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This paper is an attempt to measure the cyclicality of the price of labor explicitly ac-

counting for the dependence of individual wages in the data on the past economic conditions

from the start of the job. The importance of accounting for this history-dependence in wages,

like that generated by implicit contracts between a worker and a �rm, has been mentioned

in the earlier literature by Hall (1980) and Rotemberg and Woodford (1999). However, to

my knowledge, this paper is the �rst attempt to measure the cyclicality of the price of labor

taking into account wage smoothing within employment relationship.

I �nd that the price of labor is very procyclical. This result contrasts with the literature

that uses aggregate wage or individual wages as a measure of the price of labor. Uncovering

a noticeable cyclicality of the price of labor is important for both qualitative performance

and for quantitative predictions of the models of business cycles.
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A Proof that the Price of Labor Is Well-De�ned

Claim: Etjwt;t +
P1

�=1

�
��

��1Q
k=0

(1� �t+k)
�
(wt;t+� � wt+1;t+� ) j <1:

Proof.

Notice that 0 � 1 � �t � 1 8t. Let 1 � � � supt(1 � �t). Then ��
��1Q
k=0

(1 � �t+k) �

(�(1� �))� .
Suppose that 9� < �(1� �) and w < 1 s.t. 8� wt;t+� � w�� , wt+1;t+� � w�� . In other

words, wages do not grow faster than �(1� �). Then,

jwt;t +
1X
�=1

�
��

��1Q
k=0

(1� �t+k)
�
(wt;t+� � wt+1;t+� ) j �

j
1X
�=1

�
��

��1Q
k=0

(1� �t+k)
�
(wt;t+� � wt+1;t+� ) j �

1X
�=1

�
��

��1Q
k=0

(1� �t+k)
�
j (wt;t+� � wt+1;t+� ) j �

1X
�=1

(�(1� �))� max fwt;t+� ; wt+1;t+�g :

Then

Etjwt;t +
1X
�=1

�
��

��1Q
k=0

(1� �t+k)
�
(wt;t+� � wt+1;t+� ) j �

E (�(1� �))� w�� =
w

1� �(1� �)� < 1:�
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B Description of Working with the Data

Wage is an hourly pay variable constructed by NLSY, "Hourly Rate of Pay Job #1�5" and

"Hourly Rate of Pay at current/most recent job". These variables contain hourly rate of

pay for those respondents who reported hourly rate of pay. For those who report other

than hourly rate of pay, the average hourly pay was constructed using information on usual

earnings and usual hours worked. Usual earnings include tips, overtime and bonuses before

deductions. I de�ate nominal wages using the annual CPI index (All Urban Consumers, all

items) from U.S. Department of Labor from Bureau of Labor Statistics (base period 1967).

I use the de�ator of the year when the respondent last worked for the job as reported at the

time of the interview. In the sample real wages below 0.10 and above 50.00 in 1967 dollars

are dropped, which constitutes less than 1% of the sample.

To identify hours worked up to the 1993 interview (except for year 1979) I combine

variables "Hours per week usually worked at current/most recent job" (from the CPS section)

and "Hours per week usually worked at Job #1/5" (from Job Information section). After

1993 all information is contained in "Hours worked at Job #1/5" variables. After the 1987

interview the Questionnaire explicitly asked respondents whether reported hours worked

include hours worked at home, and if not, the separate variable was created that contains

information on combined hours worked. Before the 1988 interview the question did not detail

whether reported hours included hours worked at home. As explained in the User�s Guide,

the variable "Hourly Rate of Pay" was created factoring in all hours worked. I have examined

the data with hours worked corrected for hours worked at home and without this correction.

The results do not depend on the correction. To correct for hours worked at home I use

variables "Hours per week usually worked include hours worked at home? Job#1/5"and

"Hours per week usually worked (includes hours worked at home), Job#1/5". I report the

results for the sample with hours worked corrected for the hours worked at home.

I investigate only those workers who report as working for private companies, thus drop-

ping government employees, self-employed and those working without pay. The information

on the class of worker is available for an employed respondent�s current/most recent job,

as well as for each job held since the last interview in which s/he worked for more than 20

hours a week (10 hours in pre-1988 interviews) and for more than nine weeks since the last

interview. The coding of the class of worker has changed after 1993. Thus I re-record class

of worker according to the pre-1994 scheme.

Date of birth is collected in the 1979 and 1981 interview years due to the discrepancies
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found in 1979 report. I use the 1981 variable to infer the date of birth. For those respondents

who did not participate in 1981 interview, I infer the age from 1979 variable.

To identify the year respondent started working at the job, I subtract the tenure in weeks

calculated by NLSY from the week respondent reported as the last week working for the job

and add 1. Then I identify a corresponding calendar year (or moth and quarter) associated

with that week.

To construct potential experience, I subtract the number of years at school plus 6 from the

current age. Current age for each job observation is constructed as the year the respondent

reported stopped working at the time of the interview minus the birth year. The age at the

start of the job is calculated as the di¤erence between the year of the start of the job and

the year of birth. The start of the job is recovered as the di¤erence between the stop week

of the job and the tenure at the job in weeks. The tenure variable is the tenure constructed

by NLSY.

All observations with non-positive hours worked per week or grade completed were

dropped from the sample. Observations for jobs that started before 1976 were dropped.

If the respondent reports as enrolled in school, the observations were dropped. The observa-

tions for jobs that started when the respondent was less than 16 years old or the observations

for respondents younger than 20 years were dropped. In all regressions estimated with the

individual �xed e¤ect, the individuals for whom only one observation was available in the

sample were dropped.
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C The Cyclicality of the Price of Labor When Separa-

tion Rates Depend on the History of Unemployment

Rates

In this section I present the results for the cyclicality of the price of labor allowing the

separation rates depend on the history of unemployment rates from the start of the job. I

�nd that accounting for the separation rate depending on the history of the unemployment

rate from the time of hiring does not change the main empirical result on the cyclicality of

the price of labor.

First, I estimate the response of the separation rates to the unemployment rate at the

time of hiring and the contemporaneous unemployment rate. Second, I construct the price

of labor allowing the separations rates depend both on the contemporaneous and the hiring

time period. Finally, I estimate the cyclicality of the constructed price of labor.

C.1 Individual Separations Over the Business Cycle

The discussion in section 3.3 provides intuition for the price of labor being more procycli-

cal than wages on newly hired workers if the wages during employment relationships are

smoothed. One of the ideas behind the intuition is that the �rm locks-in a worker to the

economic conditions from the time of hiring. If the separation rates of workers hired in two

consecutive periods exhibit considerable systematic di¤erences, it may weaken the lock-in

e¤ect.

Suppose that the separation rates depend positively on the unemployment rate at the

time of hiring. Then, the workers who are hired when the unemployment rate is high tend

to have higher separation rates, which lead to shorter tenures. Once a worker is separated,

a �rm must hire a new one to �ll the position. But, given that the labor market conditions

have improved, a new worker is o¤ered a new value of wages that is expected to be higher

than the value paid to the previous employee. Thus, higher separation rates weaken the

lock-in to the initial labor market conditions.

In this subsection, I estimate the response of the separation rates to the unemployment

rate at the time of hiring and the contemporaneous unemployment rate. Bowlus (1995) �nds

that worker-�rm matches created when unemployment rates are high tend to have lower

tenure as compared with matches created when the unemployment rate is low.

In Table 4 I present results of estimating linear probability model of monthly separation

24



rates. The dependent variable takes value 0 if a worker is with the job and 1 if a worker reports

not working at the job the following month. The separations include job-to-job transitions

and transitions to unemployment. The included explanatory variables in columns 1 and

2 are education, quadratic in age, quadratic in tenure, quadratic in time trend, seasonal

dummies, dummy for biannual interviews, and contemporaneous unemployment rate. The

unemployment rate at the time of hiring is added in the regressions reported in columns 3

and 4. The reported standard errors are clustered by the contemporaneous year. As in the

wage regressions, clustering by two dimensions � contemporaneous year and start year �

has a very small impact on standard errors. Hence, I report standard errors clustered in one

dimension only.

As can be seen from columns 1 and 2, which show the results with and without �xed

e¤ects, the e¤ect of the unemployment rate is both numerically and statistically insigni�cant.

The more interesting approach is to examine the e¤ect of the unemployment rate from the

time of hiring. The e¤ect of the initial unemployment rate on the subsequent probability

of separation is positive and substantial. In particular, as the unemployment rate at the

time of hiring increases by one percentage point, the separation rate increases by 0.13%,

which constitutes about 4.3% of the average monthly separation rate of 3%. The value of

the coe¢ cient decreases only slightly when I control for workers �xed e¤ects, from 0.13%

to 0.12%. However, the standard error increases substantially when the �xed e¤ects are

estimated. In what follows, I present the results of the estimation without �xed e¤ects.

The purpose of estimating the separation equation is to examine the e¤ect of the current

and initial unemployment rate on the separations. Given a large sample size, a linear proba-

bility model serves this purpose well despite it may not generate sensible predictions for the

probabilities. The model generates between 7% and 10% of predicted probabilities below 0.

Thus, in Table 5 I present results of the estimation without �xed e¤ects of both linear and

nonlinear models of separations.

Separation rate may di¤er across full- and part-time workers. To control for the hours

worked per week, I construct a set of �ve dummy variables that correspond to the hours

worked per week: less than 10, between 10 and 20, between 20 and 30, between 30 and 40,

and above 40. The results of the estimation are analogous to those reported in Table 5. The

e¤ect of the contemporaneous unemployment rate is negligible and statistically insigni�cant.

The coe¢ cient on initial unemployment rate in all three models is positive and statistically

signi�cant. The largest e¤ect is estimated by the linear probability model: as initial unem-

ployment rate increases by one percentage point, separation rate is expected to increase by
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approximately 0.145%, which is 4.5% of the monthly average separation rate. Probit and

logit estimates are somewhat smaller but comparable with the linear probability model esti-

mates: estimated on the sample averages, when the initial unemployment rate increases by

one percentage point from its mean, the separation rate increases by approximately 0.086% �

0.100% which constitutes approximately 2.5% �3% of the average monthly separation rate.

As a result of the estimation, I conclude that the unemployment rate at the start of

the job has a slight positive impact on the probability of future separation. In the next

subsection, I incorporate this �nding in the construction of the price of labor.

C.2 The Price of Labor with History-Dependent Separations

In this subsection I de�ne the price of labor allowing for the probability of separation to

depend on the history of economic conditions from the start of the job.

C.2.1 Expression for the Price of Labor

An economic environment is as described in section 2. Consider the following thought exper-

iment. a �rm hires a worker in period t. Assume that a worker is always available for hire,

and the only costs associated with hiring a worker are wage payments. A �rm pays according

to the wage schedule agreed on when the worker is hired. Every period, a nonzero probabil-

ity exists that a worker will exogenously separate from the position. Separation probability,

�t;� , may depend on the history of labor market conditions a worker experiences from the

time of hiring. After separation, a �rm hires a new worker to replace the separated one. A

new �rm�worker relationship is likely to start with a new wage agreement. In this thought

experiment if �rm hires a worker in some period t, it maintains the number of workers at

1 from that period on by re-hiring in case the worker hired in � separates. Thus, hiring

a worker in t can be thought of as creating a position in period t that will be �lled with

probability 1 onwards. Then the expected present discounted value of wages paid to create

a position in t onwards is given by:

Ct = Et(wt;t + �((1� �t;t)wt;t+1 + �t;twt+1;t+1)+

�2(1� �t;t)(1� �t;t+1)wt;t+2 + �t;t(1� �t+1;t+1)wt+1;t+2+

((1� �t;t)�t;t+1 + �t;t(1� �t+1;t+1))wt+2;t+2 + :::) =

Et(wt;t +

1X
�=t+1

���t
��1X
k=t

(�t;k;��1wk+1;� )); (13)
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where wt1;t2 is a wage paid in t2 to a worker hired in t1; �t1;t2 is a separation rate at the end

of t2 for a worker hired in t1, conditional that there is no separation between t1and t2; and

�t;k;� is a probability that a separation takes place at the end of period k at the position that

a �rm opened in t and a new worker is hired in k+1 and continues working on that position

in � ; and Et = E(:jIt) where It is the �rm�s information set at time t. Both wage payments
and separation rates are allowed to depend on the history of the labor market conditions

from the period a worker is hired.

Equation (13) states that a worker hired in period t is paid a wage wt;t. With probability

1��t;t the �rm-worker relationship survives until the period t+1 and the worker is paid wage
wt;t+1. With probability �t;t the relationship is terminated and the �rm hires a new worker at

a wage wt+1;t+1 to �ll the position. By analogy, in period t+ 2 a �rm retains a worker hired

in period t with probability (1 � �t;t)(1 � �t;t+1) and pays a wage wt;t+2. With probability
(1 � �t;t)�t;t+1 that worker is separated and the �rm replaces the worker with another at

wage wt+2;t+2. Also, in period t + 2 a worker hired in t + 1 is retained with probability

�t;t(1� �t+1;t+1) and receives wage wt+1;t+2. In case of separation, with probability �t;t�t;t+1
this worker is replaced with a new one at wage wt+2;t+2.

The implicit asset price of labor in period t is the di¤erence between the expected present

discounted value of wages paid at the position opened in period t and t+ 1:

Pt = Et [Ct � �Ct+1] :

The price of labor is the expected di¤erence in cost between two alternatives: hiring a worker

in the current period or hiring a worker in the following period. These two options give the

same expected employment levels - one - in all future periods. Therefore, the di¤erence

between them gives the implicit price of the services of one worker this period.

Substituting from (13), I obtain the following expression for the price of labor:

Pt = Et(wt;t +
1X

�=t+1

���t(wt;�

��1Y
k=t

(1� �t;k)� wt+1;� (1� �t;t)
��1Y
k=t+1

(1� �t+1;k))+

1X
�=t+1

���t(
��1X
k=t

(�t;k;��1 � (1� �t;t)�t+1;k;��1)wk;� )): (14)

If separation depends only on the current labor market condition, �t0;t = �t for all t and t0,

then (14) simpli�es to the following expression, which is analogues to equation (3) in section
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2:

Pt = Et

 
wt;t +

1X
�=t+1

���t(
��1Y
k=t

(1� �k))(wt;� � wt+1;� )
!
:

If separation rate is constant, �t0;t = �, equation (14) simpli�es to:

Pt = Et

 
wt;t +

1X
�=t+1

(�(1� �))��t(wt;� � wt+1;� )
!
:

C.2.2 Construction of the Price of Labor

To estimate the cyclicality of the price of labor with separation rates that depends on the

history, I construct the realized price of labor using the procedure similar to the one described

in section 4. The di¤erence is in Step 3 above. In Step 3 I obtain a projection of the series

of monthly separation rates on two sets of dummies instead of one. In particular, one set of

time dummies corresponds to the year the job starts and another set of dummies corresponds

to the year contemporaneous year. Finally, I use monthly �tted projections to obtain annual

separation rates, [�At1;t2 . For all t1 and t2 : t1; t2 = f1978; 2004g; t1 < t2:

[�At1;t2 = 1�

P12
� t1=1

�Y12

kt2=1
(1� \�� t1;kt2)

�
12

;

where \�� t1;kt2 is a �tted monthly separation rate in a calendar month k of year t2 at the
job that started in a calendar month � of year t1: In a similar manner I calculate annual

separation rates [�At1;t2 for t1 = t2, annualizing monthly separations.
I proceed to estimate the cyclicality indicator as described in section 4. The results of the

estimation are presented in Table 7. As can be seen from the Table, allowing the separation

rate to depend on the history of economic conditions from the time of hiring does not change

the main result on the cyclicality of the price of labor. The constructed price of labor is very

procyclical.

28



References

[1] Barro, Robert. 1977. "Long-term Contracting, Sticky Prices, and Monetary Policy."

Journal of Monetary Economics, Vol. 3: 305-316.

[2] Beaudry, Paul, and John DiNardo. 1991. �The E¤ect of Implicit Contracts on the Move-

ment of Wages over the Business Cycle: Evidence from Micro Data.�The Journal of

Political Economy, Vol.99(4): 665 �688.

[3] Bils, Mark. 1985. �Real Wages over the Business Cycle: Evidence from Panel Data.�

The Journal of Political Economy, Vol. 93(4): 666 �689.

[4] Bils, Mark. 1987. �The Cyclical Behavior of Marginal Cost and Price�The American

Economic Review, Vol. 77(5): 838 �835.

[5] Bowlus, Audra J.. 1995. "Matching Workers and Jobs: Cyclical Fluctuations in Match

Quality." Journal of Labor Economics, Vol. 13(2): 335-50.

[6] Cameron, A. Colin, Jonah B. Gelbach, and Douglas L. Miller. 2006. "Robust Inference

with Multi-way Clustering." NBER Technical Working Paper 327.

[7] Devereux, Paul. 2001. �The Cyclicality of Real Wages within Employer-Employee

Matches.�The Industrial and Labor Relations Review, Vol. 54(4): 835 �850.

[8] Grant, Darren. 2003. �The E¤ect of Implicit Contracts on the Movement of Wages over

the Business Cycle: Evidence from the National Longitudinal Surveys.�The Industrial

and Labor Relations Review, Vol. 56(3): 393 �408.

[9] Hall, Robert. 1980. "Employment Fluctuations and Wage Rigidity." Brookings Papers

on Economic Activity, Vol. 1980(1), Tenth Anniversary Issue: 91-123.

[10] Kudlyak, Marianna. 2007. "The Cyclicality of the User Cost of Labor with Search and

Matching." Unpublished Manuscript. University of Rochester.

[11] Kydland, Finn, and Edward C. Prescott. 1980. "A Competitive Theory of Fluctuations

and the Feasibility and Desirability of Stabilization Policy." in S. Fischer, ed., Rational

Expectations and Economic Policy, University of Chicago Press: 169-98.

[12] Mankiw, N. Gregory. 1989. "Real Business Cycles: A New Keynesian Perspective."

Journal of Economic Perspectives, Vol. 3(3): 79-90.

29



[13] Mankiw, N. Gregory, Julio Rotemberg, and Lawrence Summers. 1985. "Intertemporal

substitution in Macroeconomics." Quarterly Journal of Economics, Vol 100: 225 - 251.

[14] Moulton, Brent R.. 1990. "An Illustration of a Pitfall in Estimating the E¤ects of

Aggregate Variables on Micro Units." Review of Economics and Statistics, Vol. 72(2):

334-38.

[15] Postel-Vinay, Fabien, and Helene Turon. Forthcoming. "On-the-job Search, Productiv-

ity Shocks, and the Individual Earnings Process." International Economic Review.

[16] Rotemberg, Julio J., and Michael Woodford. 1999. "The Cyclical Behavior of Prices

and Costs." Handbook of Macroeconomics, Vol.1B, Taylor, J.B., and M. Woodford,

eds., Amsterdam: North-Holland.

[17] Solon, Gary, Robert Barsky, and Jonathan A. Parker. 1994. �Measuring the Cyclical-

ity of Real Wages: How Important Is Composition Bias?�The Quarterly Journal of

Economics, Vol.CIX (1): 1 �25.

[18] Shin, Dongyun. 1994. �Cyclicality of Real Wages among Young Men.�Economics Let-

ters, No. 46: 137 �142.

[19] Stockman, Alan. 1983. �Aggregation Bias and the Cyclical Behavior of Real Wages.�

Unpublished Manuscript, University of Rochester.

[20] Thomas, Jonathan and Tim Worrall. 1988. �Self-Enforcing Wage Contracts.�The Re-

view of Economic Studies, Vol. 55(4): 541-553.

[21] Wooldridge, Je¤rey M.. 2003. "Cluster-Sample Methods in Applied Econometrics." The

American Economic Review, Vol. 93(2): 133-138.

30



Table 1: Wages and Contemporaneous Unemployment Rate

All sample Tenure < 1 y. Tenure � 2 y.
1 2 3

Ut -1.507** -3.101*** 0.292
(0.705) (0.716) (0.733)

Grade 5.710*** 4.003*** 6.070***
(0.457) (0.600) (1.361)

Experience 0.329*** 0.258*** 0.376***
(0.038) (0.032) (0.036)

Experience2 -0.001*** -0.001*** -0.001***
(0.000) (0.000) (0.000)

Tenure 3.642*** 1.721 2.114***
(0.244) (4.292) (0.247)

Tenure2 -0.124*** 5.007 -0.077***
(0.014) (3.729) (0.012)

Union 19.565*** 20.439*** 13.277***
(1.018) (1.248) (1.529)

Union missing 3.288 5.555* 0.602
(2.095) (2.770) (1.213)

Constant -19.697* 10.729 -29.394
(9.805) (7.965) (20.092)

R2 0.6324 0.550 0.709
Observations 40850 14576 18546
N of ind 2627 2161 2186

Note - NLSY79, 1978 - 2004, men only, column 1 includes all observations in the sample with

the sample restrictions as described in the text. Column 2 includes observations as in column 1

but restricted to the observations with tenure less than 1 year. Column 3 includes observations

as in column 1 but restricted to the observations with tenure 2 years and longer. Estimated

standard errors in parentheses, clustered by time. The reported coe¢ cients and standard errors

are multiplied by 100. P-values: ***p<0.01, ** p<0.05, * p<0.1. Dependent variable: natural

logarithm of real hourly wage. All regressions are estimated with �xed e¤ects using sampling

weights. Unemployment rate is an annual unemployment rate of the calendar year the wage

observation corresponds to.
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Table 3: Wages and Initial, Min, Max and Contemporaneous Unemployment
Rate

All sample t = t0 excluded t = t0 excluded
1 2 3

Ut 1.019 0.839 0.544
(0.903) (0.872) (0.763)

Ut0 -1.212** -1.439*** -1.743***
(0.567) (0.500) (0.381)

minU -2.750*** -3.276*** -3.547***
(0.818) (0.927) (0.917)

maxU -1.282* -0.832 x
(0.717) (0.726)

Grade 5.147*** 4.981*** 5.018***
(0.500) (0.674) (0.687)

Experience 0.309*** 0.330*** 0.332***
(0.032) (0.033) (0.034)

Experience2 -0.001*** -0.001*** -0.001***
(0.000) (0.000) (0.000)

Tenure 3.737*** 3.253*** 17.681***
(0.333) (0.312) (1.131)

Tenure2 -0.112*** -0.099*** 3.059*
(0.014) (0.013) (1.567)

Union 19.164*** 17.689*** 2.996***
(0.961) (1.131) (0.235)

Union missing 3.894** 3.054* -0.093**
(1.711) (1.557) (0.012)

Constant 7.912 14.253 13.485
(10.932) (14.204) (14.560)

R2 0.675 0.700 0.700
Observations 40850 32735 29523

Note - NLSY79, 1978 - 2004, men only, includes all observation in the sample as described in the

text. Dependent variable: natural logarithm of real hourly wage. Estimated standard errors in

parentheses. The reported coe¢ cients and standard errors are multiplied by 100. P-values: ***

p<0.01, ** p<0.05, * p<0.1 Standard errors are clustered by a contemporaneous year. Column

1 includes all observations. Columns 2 and 3 exclude observations for which contemporaneous

calendar year equals start year. Unemployment measures are annual unemployment rates.
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Table 4: Individual Separations and Unemployment

No FE FE No FE FE
1 2 3 4

Ut -0.010 0.040 -0.055 0.002
(0.090) (0.094) (0.081) (0.079)

Ut0 x x 0.130** 0.119
(0.054) (0.094)

Grade -0.108*** -0.450*** -0.111*** -0.455***
(0.018) (0.169) (0.017) (0.168)

Age -0.046*** -0.048*** -0.047*** -0.049***
(0.011) (0.008) (0.011) (0.008)

Age2 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000)

Tenure -0.051*** -0.012*** -0.052*** -0.013***
(0.002) (0.001) (0.002) (0.002)

Tenure2 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000)

Biannual yes yes yes yes
Seasonals yes yes yes yes
Constant 16.195*** 19946*** 15.715*** 19.511***

(2.496) (3.551) (2.566) (3.701)

F st. (df1,df2) 102.26 (18;324) 15.61 (18;324) 99.57 (19;324) 14.87 (19;324)
% yhat<0 7.363 4.885 7.258 5.009
Observations 539,801 539,801 539,801 539,801

Note - NLSY79, 1978 - 2004, men only, tenure at least 4 weeks, workers of private companies

only. Dependent variable: 1 if a worker reports not working at the same job the following

month; 0 if a worker stays at the same job the following month. Standard errors are clustered

by a contemporaneous month. Linear probability model, estimation uses sampling weights.

Columns 1 and 3 - estimation without �xed e¤ects; columns 2 and 4 - with worker-speci�c

�xed e¤ects. When standard errors are clustered by two-ways: contemporaneous month and

the month when the job started, standard errors remain almost unchanged. Biannul dummy is

a dummy indicating that the observation is taken from the post 1994 interviews when interviews

were conducted on a biannual basis. The reported coe¢ cients and standard errors are multiplied

by 100.
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Table 5: Individual Separations and Unemployment, no FE

LPM Probit Logit
1 2 3

Ut -0.056 -0.027 -0.016
(0.090) (0.053) (0.046)

Ut0 0.145*** 0.100*** 0.086***
(0.051) (0.034) (0.031)

Grade -0.111*** -0.102*** -0.090***
(0.018) (0.016) (0.016)

Age -0.042*** -0.014*** -0.011**
(0.010) (0.005) (0.005)

Age2 0.000*** (0.000) 0.000
(0.000) (0.000) (0.000)

Tenure -0.051*** -0.052*** -0.049***
(0.002) (0.002) (0.002)

Tenure2 0.000*** 0.000*** 0.00***
(0.000) (0.000) (0.000)

Biannual dummy yes yes yes
Seasonal dummies yes yes yes
Hours per week dummies yes yes yes
Trend, trend sq., constant yes yes yes

Log pseudoL x -67193.557 -67121.88
F statistics (df1,df2) 78.55 (25,324) x x
Observations 539801 539801 539801

Note - NLSY79, 1978 - 2004, men only, tenure at least 4 weeks. Dependent variable: 1 if a

worker reports not working at the same job the following month; 0 if a worker stays at the same

job the following month. Standard errors are clustered by the contemporaneous month. All

regressions estimated without �xed e¤ects. For probit and logit marginal e¤ects are reported

calculated at sample means, except for dummy variables. When standard errors are clustered

by two-ways: around contemporaneous month and the month when the job started, standard

errors remain almost unchanged. Biannul dummy is a dummy indicating that the observation

is taken from the post 1994 interviews when interviews were conducted on a biannual basis.

Hours worked per week dummies - a set of 5 dummies indicating whether a worker worked less

than 10 hours per week, between 10 and 20, between 20 and 30, between 30 and 40 and above

40. The reported coe¢ cients and standard errors are multiplied by 100. P-values: *** p<0.01,

** p<0.05, * p<0.1
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Table 6: Cyclicality of the Price of Labor

Coe¢ cient on Ut �100%

Price of labor, �t = const -5.29
(0.97)

Price of labor, �t -5.11
(0.84)

Price of labor, �t not detrended -4.92
(0.81)

Note - The results are from the regression of the natural logarithm of the constructed price of

labor on the annual unemployment rate and a time trend (annual). There are 20 observations

in each regression - from 1978 to 1997. Time trend is negative and statistically signi�cant. R

squared around 0.90. Bootsrapped standard errors in parentheses (1000 replications).

Table 7: Cyclicality of the Price of Labor, Robustness

Coe¢ cient on Ut �100%
� tr: = 5 � tr: = 7 � tr: = 9

Price of labor, �t = const -4.87 -5.12 -5.23
(0.89) (0.97) (0.98)

Price of labor, �t -4.72 -4.95 -5.05
(0.80) (0.81) (0.90)

Price of labor, �t not detrended -4.58 -4.82 -4.95
(0.77) (0.88) (0.92)

Price of labor, �t0;t -4.59 -4.83 -4.96
(0.68) (0.78) (0.78)

Note - The results are from the regression of the natural logarithm of the constructed price of

labor on the annual unemployment rate and a time trend (annual). There are 18 observations

in each regression - from 1978 to 1995. Time trend is negative and statistically signi�cant. R

squared around 0.90. Bootsrapped standard errors in parentheses (1000 replications).
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