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In this paper we address the question of whether wages are affected
by labor market conditions in a manner more consistent with a con-
tract approach than with a standard spot market model. From a
simple implicit contract model, we derive implications about the
links between wages and past labor market conditions. Using indi-
vidual data from the Current Population Survey and the Panel Study
of Income Dynamics, we find that an implicit contract model with
costless mobility describes these links better than either a simple spot
market model or an implicit contract model with costly mobility.

I. Introduction

In this paper we address the question of whether wages are affected
by labor market conditions in a manner more consistent with a con-
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tract approach than with a standard spot market model. In particular,
we consider whether the history of labor market conditions experi-
enced by workers affects their current wage. We develop a simple
contract model to derive some testable implications about wage deter-
mination. When workers are not mobile between employers, our con-
tract model predicts a negative correlation between the unemploy-
ment rate at the time the worker was hired and his or her current
wage. On the other hand, if workers are very mobile, our model
predicts that the wage should be correlated with the best labor market
conditions observed since the worker was hired. In both cases, these
predictions differ from those of a simple spot market model since a
spot market model implies that only current labor market conditions
affect current wages.

The contract model we develop adheres to the supply and demand
framework of the standard spot market model except that it is the
contract wage, and not the current wage, that adjusts to competitive
forces. The intuition behind the predictions of our model is straight-
forward. With limited mobility, contract wages are negotiated once
at the beginning of the contract, and hence labor market conditions
at the time of the contract matter. When workers are mobile, wages
are negotiated at the beginning of the contract, but when economic
conditions improve, they must be revised upward to prevent the
worker from being bid away by other firms.

Using individual data from the Current Population Survey and the
Panel Study of Income Dynamics, we find that an implicit contract
model with costless mobility describes wage determination better than
either a spot market approach or an implicit contract model with
costly mobility. That is, current wages are found to be negatively
correlated with the lowest unemployment rate realized since workers
began with their present employer, and once we control for this ef-
fect, the contemporaneous unemployment rate no longer signifi-
cantly affects wages. Moreover, we find that every percentage in-
crease in the unemployment rate is associated with a 3—7 percent
drop in entry-level contract wages.

We believe that this paper potentially contributes to two different
literatures. First, this paper makes a contribution to the debate on the
empirical importance of contracts in the labor market. For example,
papers by Azariadis (1975) and Harris and Holmstrom (1982) have
suggested that the existence of contracts can explain some of the
puzzles about the functioning of labor markets. On the other hand,
empirical work (see Brown and Ashenfelter 1986; MaCurdy and Pen-
cavel 1986; Abowd and Card 1987) has generally found only mixed
support for contract models. This paper adds to this literature by
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developing a robust implication of contract models for which we find
strong evidence.

Second, equilibrium models of the business cycle (e.g., Lucas 1975;
Kydland and Prescott 1982; Long and Plosser 1983) suggest that
variations in employment can be described by equilibrium models
of the labor market. As a consequence, much empirical work has
concentrated on establishing the extent of the comovement between
wages and employment with micro data. For example, Altonji (1986)
has examined the importance of intertemporal substitution, while Bils
(1985) and Barsky and Solon (1989) have examined comovements
between wages and unemployment. In reviews of this evidence, it is
often argued that the extent of this comovement is not sufficient to
constitute strong support for these models. Our work suggests that
this conclusion may be premature. In particular, when appropriate
care is taken in incorporating contractual considerations,' we find
wages to be much more sensitive to labor market conditions than
most previous studies.

The paper is organized as follows. In Section 11, we present a sim-
ple equilibrium model of the labor market in which contracts emerge
as a means to insure workers from aggregate risks. This model pro-
vides us with predictions about the link between wages and past labor
market conditions that are the basis of our empirical investigation. In
Section 111, we describe the data we use, and in Section IV, we exam-
ine the basic predictions of our model. In Section V, we examine the
robustness of our results across industries and consider additional
implications of the contract model to parameterize the cross-industry
variation in our results. Finally, Section VI presents concluding com-
ments.

II. Derivation of the Link between Wages and
Labor Market Conditions in a Contractual
Economy

Consider an economy populated with risk-neutral entrepreneurs and
risk-averse workers. The economy produces only one good, and the
worker’s utility per period associated with the consumption of ¢ units
of the good is given by U(c). Both types of agents have a discount
factor equal to B, and the probability that an agent will die in any
given period is 1 — p. Each of the entrepreneurs is assumed to have
access to a technology that requires one worker. The quantity of

! Barro (1977) emphasized the importance of contractual considerations in interpret-
ing the lack of substantial variation in wages over the business cycle.
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output from this technology is given by ®(t), where ®(f) represents
the state of labor productivity at time ¢. For now, assume that the
randomness in labor productivity is well approximated by the follow-
ing AR(1) process (®* is the long-term level):

Ot =(1 —)®* +ad(t— 1) +€t), 0<a=1e@)isiid. (1)

When workers do not have access to capital markets, entrepreneurs
have incentives to offer employment contracts that protect workers
against the risks associated with productivity shocks.? Obviously, com-
petition will force such contracts to offer zero expected profits to
employers. If both firms and workers can commit to the contract,
then in every period the market equilibrium for risk-sharing employ-
ment contracts will be the solution to the following program:*

©

max > (Bud)E[U(w,,)]

{we+2} =0

(P1)

subject to Z (B“’2)1Et[q)l+z —w,,] = 0.
1=0

The solution to (P1) is well known: the optimal contract is a fixed
wage contract conditional on the survival of both parties. The wage
paid at time ¢ + j in a contract negotiated at time ¢ is

. 1 — Bu?
w(t +j,t) = ®* + ————[®() — ¢*] foralls. 2)
1 - Bpa
Note that this wage depends only on the state of technology at time
¢t and is independent of ;.

Given this process for the contractual wages, employment will ad-
just such that the marginal worker will be indifferent between ac-
cepting a job today and staying unemployed this period and postpon-
ing until next period the decision to take a job (this assumes that some
employment occurs in every period). When workers are unemployed,
they are assumed to receive a reservation wage denoted wh(t), which
represents the marginal value of household production at time ¢. The

equilibrium condition related to this indifference relationship is given
by

V(@ + 1,¢ + 1), ®( + 1)
D(2)

U(wh(t)) + B,LE[ ] = V(w(t, 1), P(t)). (3)

? See Rosen (1985) for a survey of the implicit contract literature.
* The possibility of temporary layoffs is excluded.



IMPLICIT CONTRACTS 669

The expression V(w, ®(t)) represents the discounted expected utility
associated with having a job with the contract wage equal to w when
the state of technology is ®(¢).

Equation (3) states that the expected discounted value of staying
unemployed today, receiving wh(t), and accepting a job tomorrow
must be equal to the value of accepting a job today. Using equations
(1)—(3) to solve for the equilibrium relationship between the contract
wage and the reservation wage and assuming that U() = log(), Ap-
pendix A shows that this results in

1 — Bpt
1 - Bpia

Equation (4) states that the time (¢t + j)—period wage paid to a
worker who began his job at time ¢ depends positively on the reserva-
tion wage of the marginal worker employed at time ¢. Given the gen-
eral equilibrium nature of the problem, this reservation wage repre-
sents the marginal value of household production and therefore
should be negatively related to the fraction of workers remaining in
that sector. Consequently, it is reasonable to assume that the reserva-

tion wage of the marginal worker changes with the participation rate,
l())/L(t), as given by*

log[w(t + j, 0] = Q, + log[wh(1)]. 4)

In[wh(t)] — Infwh(t — 1] = E=OO W=Dl 54 5

L)
Substituting equation (5)° into equation (4) results in
loglw( + 7,8)] = Q, + Q _lo (6)
g ]’ - 1 2 L(t) ’
where
—(1 - 0)(1 — Bp?
) (- N
1 - Bpla

The advantage of equation (6) over equation (4) is that it provides us
with an empirically testable expression of the link between wages

4 For example, this would be the case if the household sector functions as a produc-
tive sector with decreasing returns to labor. See Beaudry and DiNardo (1989) for a
more explicit derivation.

3 Equation (5) implies that the reservation wage satisfies

—A—(- _ o
In[wh(t)] = A — (1 9)[1 L(t)]’
where A is determined by an initial condition. Note that if A shifts over time (shifts in
the labor supply function), it will cause €}, to shift. If these shifts are independent of
the temporary changes in productivity, the estimation of (6) by ordinary least squares
(OLS) would cause the estimate of {1, to be biased toward zero.
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and labor market conditions in a contractual economy. Until further
discussion, we shall refer to 1 — [{(¢)/L(t)] as the unemployment rate.
Equation (6) indicates that the tighter the labor market conditions
the year one entered into a job (i.e., the lower the “unemployment”
rate), the lower the wage throughout this job. This relationship is the
result of the adjustment of the whole employment contract to supply
and demand conditions when the labor market functions as a market
for contracts. Moreover, this relationship differentiates a contract
model from a spot market model since in the latter case it is only the
contemporary unemployment rate that should affect wages.

A.  Extension to Risk-sharing Contracts with
Mobile Workers

One of the assumptions used to derive equation (6) is that workers
can commit not to quit a job even though employment contracts of-
fered on the market may be better than the one at hand. We shall
call such a situation the case of limited labor mobility. However, when
job mobility is costless for workers,® the only feasible contracts to
which they can commit themselves are those in which it is never
profitable for another employer to bid them away. Therefore, con-
tracts must render nonpositive expected profits for the employer in
every period and in every state (otherwise the workers will be bid
away). The conditions imposed on a contract in order to satisfy the
absence of “bidding-away” opportunities are given by the following
inequalities:

©

E[Z (Blb?)i—j[(bui - Wt+z(q)t+i)|q)t+j]:| =0 (7)

1=j
forallj = 1,...,®and all realizations of ®'*7,

The relevant contracting program when mobility is costless for work-
ers must therefore take these constraints into account; that is, the
constraints given by (7) must be added to the program (P1) in order
to define the new risk-sharing problem.

Notice that in the inequalities given by (7), the wage WHJ(Q)‘”)
represents the wage paid in period ¢ + j after a history of technologi-
cal shocks % = (d, ®,,,, ..., @) and for a job that began at
time ¢.

Harris and Holmstrom (1982) have analyzed the optimal form of
risk-sharing contracts for a situation very similar to the one at hand.
The main formal difference between the two problems is that the

® Implicit is the assumption that a worker cannot post a bond.
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time horizon is finite in the Harris and Holmstrom paper, while it is
infinite here.” As can be expected, the form of the optimal contract
is not affected by this extension. Therefore, as in the Harris and
Holmstrom characterization, the optimal zero-profit risk-sharing con-
tract satisfying the non-bidding-away constraints is given by

Wt+](¢)t+]) = max{W,+]_1((I)’+j_l),X(CI)H])} = max{X(®,, )}H_,. (8)

The function X(®,,,) represents the initial wage paid in a contract
negotiated in state ®,,, and is equal to the average expected produc-
tivity conditional on {®,,, . . . ®,} being below ®, since any realizations
of @, must give zero expected profits. The wage contract defined by
(8) is often referred to as a downwardly rigid contract. Under such
a contractual arrangement, a worker’s contract wage is adjusted to
match the contemporaneously negotiated first-period wage, X(®,, ),
whenever the latter is above the former. This adjustment is under-
taken so that workers do not quit because of better working condi-
tions offered elsewhere.?

Given this downwardly rigid contract structure, we now proceed to
link the predicted wage payments with observed labor market condi-
tions. As discussed in Appendix B, when the reservation wage is nega-
tively related to the unemployment rate, as in equation (5), a market
equilibrium relation similar to equation (3) ensures that (8) can be
rewritten as

o o RIS »
W (@) = W(t +j,0) = max{k[l L+ i)]}1=0’ k() <0,
9

J
. . e+
ko — ky mln{l LG+ i)}1=0’ k; > 0.

Equation (9) provides us with a simple prediction about the relation-
ship between wage payments and labor market conditions for a com-
petitive labor market with mobile risk-averse workers. In effect, mo-
bility implies that contractual wage payments should depend on the

7 In Harris and Holmstrom, the ®’s represent an inference on a worker’s intrinsic
productivity.
8 The explicit form of the function X(:) is

®,+ > (B Prob(w,|®)E[®,,)|w, P]

1=1

X(®) = >

1+ (Bu2)Prob(w,|®,)
=1
where w, is defined as the event (¥,,, =P, ®d,,, | =P, ..., P, =D).
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most favorable labor market condition observed since one has begun
one’s job. This prediction contrasts with both that implied by a spot
market model and that implied by a contract model with costly mobil-
ity and therefore provides easily testable implications of the Harris
and Holmstrom theory.

III. The Data

The data we use to investigate whether the labor market functions
more like a contract market than a spot market are the Panel Study
of Income Dynamics (PSID) and the 1979 and 1983 Pension Supple-
ment of the Census Bureau’s May Current Population Survey (CPS).
Though these data sets are well known to empirical investigators, a
short discussion of aspects relevant to this study is in order.

The primary advantage of the PSID is that it is a panel and makes
it possible for researchers to follow individuals over time. Its primary
drawbacks are its small size (in 1984 we are left with fewer than
1,957 individuals) and its poor recording of job tenure. In some years
tenure is not recorded, and in several years there is confusion over
whether the question refers to years in one’s present position or years
with present employer. This second drawback is somewhat trouble-
some since it is the tenure variable that allows us to construct mea-
sures of market conditions in the first year of the job. Altonji and
Shakotko (1987) and Topel (1989) use fairly elaborate procedures to
correct this problem, and we use a similar method in this paper.’ As
it turns out, our results are not sensitive to our treatment of this
problem.

The CPS data set has two principal features that make it superior
to the PSID for our present purposes. First, it is large: after various
deletions, we are still left with more than 9,200 observations in each
year. Second, since the question on tenure is in the Pension Supple-
ment, it would appear to be better posed than the question in the
PSID. The major drawback of the CPS data is that we are not able
to follow the same individuals over time.

Some summary statistics for the 1979 and 1983 CPS samples can
be found in the first column of table 1. The CPS sample includes
males aged 21-64 in the Pension Supplement of the May CPS who

¥ We constructed the tenure data as follows: for each individual, we started in 1984
and forced observations on tenure in previous years to agree. Then we changed any
remaining unassigned observations by beginning anew with 1983, and we continued
until all observations were consistent across years. In our earlier working paper
(Beaudry and DiNardo 1989), we compared the actual measure and our constructed
measure and used instrumental variables procedures, all to very little effect, on the
estimate we examine in this paper. Following Topel (1989), we also forced age to be
consistent across years.
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TABLE 1

SELECTED SAMPLE MEANS

CPS PSID
(1979, 1983) (1976-84)
Average log weekly earnings (1967 dollars) 4.86
(.004)
Average log hourly earnings (1967 dollars) S 1.12
(.004)
Highest grade completed 12.82 11.98
(.022) (.022)
Age — school — 5 21.21 20.87
(.090) (.097)
Union status 342 .29
(.003) (.003)
Tenure* 8.337 83.03
(.059) (.659)
Nonwhite .097 .322
(.002) (.003)
Ever married .907 .854
(.002) (.003)
SMSA .556 527
(.004) (.004)
Unemployment rate at start of job 4.778 4.676
(.013) (.013)
Minimum rate since start of job 4.045 4.181
(.014) (.013)
1 — (emp/pop) ratio at start of job 22.34 22.49
(.021) (.025)
Minimum 1 — (emp/pop) ratio since start of job 22.01 22.24
(.023) (.025)
Number of Observations
1976 1,958
1977 2,130
1978 2,262
1979 9,422 2,376
1980 2,497
1981 2,433
1982 2,236
1983 9,286 2,110
1984 1,957

* Measured 1n years for the CPS and in months for the PSID.

had positive, untruncated observations of the weekly wage, who
started their job after 1947, and who had no missing data. We choose
to work with the weekly wage, which is recorded for salaried workers,
and we use the product of usual weekly hours and usual hourly earn-
ings for hourly workers for those who did not report a weekly wage.
We choose to work with this measure instead of annual hours divided
by annual earnings since the hours reports of hourly workers are
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likely to be better than the hours reports of salaried workers (see
Bound et al. [1989] for a discussion of measurement error).

The same statistics for the PSID sample can be found in the second
column of table 1. The sample includes males aged 21-64 who had
positive, untruncated observations of the average hourly earnings
variable and who started their job after 1947. The samples look
roughly similar to the CPS samples for the years in common, although
schooling and tenure are somewhat lower. Part of the reason is that
we include individuals drawn from the Survey of Economic Opportu-
nity (SEO) in our PSID sample.'” We choose to work with the average
hourly earnings variable since in the PSID it is the most carefully
edited and checked of the wage measures. It has the disadvantage of
being an hours-weighted measure of the wage on all jobs. The wages
in both the PSID and the CPS are deflated by the consumer price
index (1967 dollars).

A, Simple Tests of the Implicit Contract Model

The theory outlined in Section II has the implication that in a contrac-
tual labor market, if workers are immobile, wages should be related
to the opportunities available at the time each worker was hired. On
the other hand, if workers are perfectly mobile between jobs, the
contract approach suggests that current wages should be related to
the best labor market conditions observed since one started one’s
current job. Both these implications contrast with that of a spot mar-
ket model, where current wages are related only to contemporaneous
market conditions. Equation (10), which is the basis of our empirical
examination, encompasses all three of these models:

Inw@,t+j7,80) =X,,.,Q + QoC(t,) + €, (10)
Uy, spot market model
cij) =30 contracts with costly mobility

min{U,_,}}_, contracts with costless mobility.

That is, the wage in period ¢ + j for an individual : who began the
job in period t is a function of his individual characteristics X, an
appropriate labor market condition link variable C(t, j), and an error
term, where only C(¢, j) depends on the particular model. Note that
the unemployment rate at time ¢ is denoted U,.

The vector of controls, X, used for estimation includes experience,
experience squared, schooling, tenure, and dummies for industry,

10 Since the results for the SEO subsample looked no different from those for the
non-SEQO subsample, we opted for a larger sample.
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region, race, union status, marriage, and standard metropolitan sta-
tistical area (SMSA) (see the tables below for more details).!!

Strictly speaking, equations (6) and (9) suggest using one minus the
employment to population ratio as the measure of the unemployment
rate. Whether a worker is looking for work or not is immaterial in the
context of the model described above. However, almost all previous
studies (see, e.g., Bils 1985; Barsky and Solon 1989) have used the
reported unemployment rate as a measure of labor market tightness.
Largely to facilitate comparison with this substantial literature and
to be able to work with industry-specific measures of labor market
tightness, we too shall work with reported unemployment rates. How-
ever, as a check on the robustness of the results, we also present some
estimates using the employment to population ratio.

It is finally worth commenting on our strategy to focus mainly on
the specific implications of the model in lieu of a more general treat-
ment of the effect of all past labor market conditions on wages. In
particular, consider the assumption that productivity follows an
AR(1) process. In our setup, this assumption implies that the unem-
ployment rate series also follows an AR(1) process and is therefore a
sufficient statistic for the labor market condition in a given period.
Most other assumptions regarding the stochastic component of pro-
ductivity would lead to the inclusion of more unemployment rates in
the empirical specification. However, since the average length of a
job (censored spells included) is about 8 years, the three measures we
consider—the contemporaneous unemployment rate, the unemploy-
ment rate at the start of the job, and the minimum rate since the start
of the job—should go a long way to span the set of sufficient statistics
for the history of labor market conditions under alternative assump-
tions.

IV. Estimates Using Aggregate Unemployment
Rates

Table 2 presents the core results of the paper. The first 10 rows
present estimates from the PSID and the next three rows use data
from the CPS. In all the regressions presented in this table, the “un-
employment rate” we use is the economywide measure for males 20
years old and older.

"'In the tables that follow we adopt the same set of control variables. However, we
experimented with other specifications that included quadratic terms of the unemploy-
ment rate, interactions of tenure with the unemployment rate, interactions of the
unemployment rate with potential experience, various splines for tenure, and removal
of age-specific means from the data, among others; the reported results are uniformly
quite robust.



TABLE 2

ResuLts FrROM PSID anp CPS

Contemporaneous Unemployment Minimum Rate
Unemployment at Start since Start
Rate of Job of Job Data
1. —.020 PSID
(.002) (levels)
2. S ~.030 PSID
(.002) (levels)
3. L —.045 PSID
(.003) (levels)
4. —.010 —-.025 c. PSID
(.002) (.002) (levels)
5. —.001 R —.044 PSID
(.002) (.003) (levels)
6. .000 .013 —.059 PSID
(.002) (.004) (.006) (levels)
7. -.014 . e PSID
(.002) (fixed effect)
8. S —.021 PSID
(.003) (fixed effect)
9. . —.029 PSID
(.003) (fixed effect)
10. —.007 —-.006 —-.029 PSID
(.0025) (.007) (.008) (fixed effect)
11. -.017 CPS
(.002) (levels)
12. A —.031 CPS
(.003) (levels)
13. .004 —.036 CPS
(.003) (.005) (levels)
Pooled PSID and CPS*
14. —.021 CPS
(.003) nonunion
15. -.010 CPS
(.003) union
16. S —.034 CPS
(.004) nonunion
17. -.022 CPS
(.005) union
18. —.018 ce CPS using
(.003) 1 — (emp/pop)
19. L —.032 CPS using
(.003) 1 — (emp/pop)
20. .030 —.065 CPS using
(.006) (.007) 1 — (emp/pop)
21. —.024 . PSID using
(.002) 1 — (emp/pop)
22, . —.032 PSID using
(.002) 1 — (emp/pop)
23. .005 .041 —.080 PSID using
(.003) (.007) (.008) 1 — (emp/pop)

NoTe —Standard errors are 1n parentheses. For the PSID estimates, the dependent varable 1s log average hourly
earmings (1967 dollars). Other regressors are experience, experience squared, tenure, and schooling and dummies
for nonwhite, SMSA, union, marriage, five regions, and 13 industries. There are 19,958 observations in the pooled
sample. For details on the CPS estimates, see table 3 The standard errors in rows 7—10 are conventional generalized
least squares estimates; the rest are heteroskedasticity consistent

* All coefficients are allowed to vary between the union and nonunion samples. Standard errors are consistent
under arbitrary forms of heteroskedasucity. Other regressors include potential experience, experience squared,
tenure, and schooling and dummies for union, nonwhite, SMSA, four regions, and year The standard errors for
the PSID result from treating the cross sections as independent observations.
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Rows 1-3 present estimates of the effect of labor market conditions
on wages under the three alternative assumptions about the function-
ing of the labor market (estimates of €,). Although the size of the
coefficient on the minimum unemployment rate variable (the mini-
mum rate since the beginning of the job) is much larger than the two
other variables, all three coefficients are negative and significant as
predicted by each theory. Note that the coefficient on the contempo-
raneous rate is of the same order of magnitude as in many previous
studies.

Rows 4—6 present estimates for specifications in which we let the
theories compete by simply nesting the different measures of the
“labor market link” variable in the same regression. Our main finding
is that the contract model with costless mobility seems to fit the data
the best, while the spot market model does the poorest. In particular,
the specification in row 5 indicates that, once we control for the mini-
mum unemployment rate since one began the job, the effect of the
contemporaneous unemployment rate is virtually zero (and is pre-
cisely estimated). Moreover, the minimum unemployment rate vari-
able clearly dominates the two other variables when all three mea-
sures are allowed to compete.

In rows 7—10, most of the previous coefficients are reestimated
using the same data, but now the data have person-specific means
removed. We do this to check whether our results can be explained
by individual-specific, time-invariant heterogeneity. The results are
similar to those in levels except that the coefficients are uniformly
smaller.'? The contract model with costless mobility still seems to sum-
marize the data best, although the small effect of the contemporane-
ous labor market on wages is significant even when all three measures
are allowed to compete.

In rows 11-13, we present estimates using the CPS data for 1979
and 1983. With only two cross-sections it is unreasonable to estimate
the effect of contemporaneous labor market conditions on wages;
therefore, in all three regressions we simply include a year dummy
to control for any contemporaneous effect of labor market condi-
tions. These results with the CPS again indicate the importance of
the link between wages and the best labor market conditions since one
was hired. When both contracting models are allowed to compete, the
minimum unemployment rate variable captures the effect of past
labor market conditions on wages better than simply the unemploy-
ment rate at the time one was hired.

12 Using PSID data for 1968-84, Barsky and Solon (1989) estimate the effect of
contemporaneous labor market conditions to be —.0126, in comparison with our esti-
mate of —.014.
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Some further evidence on the robustness of our results is presented
in rows 14—23. In rows 14 and 15 we look at the union and nonunion
subsamples of the CPS. In both subsamples our proposed measures
are estimated precisely, although there is evidence that labor market
tightness exerts a greater influence on nonunion wages.'> In rows
18—23 we replace the unemployment rate for males over 20 with one
minus the employment to (active) population ratio for this same
group. As discussed above, these alternative measures are very highly
correlated with the measures constructed from the unemployment
rate data. It is therefore not surprising that the results look very
similar, although the predicted impact of labor market tightness on
wages is somewhat larger for the oldest-vintage workers in our sam-
ple. Similar too is the pattern of results. The minimum “one minus
the employment to population ratio” since the start of a job again
appears to be the robust measure of the three.

Overall, these results indicate that the contemporaneous unem-
ployment rate is not a robust measure of the extent to which labor
market conditions affect wages, whereas the minimum unemploy-
ment rate since one began a job is more so. Therefore, the results
are supportive of the idea that the labor market may function more
like a contract market than a spot market and, in particular, like
a contract market for mobile workers.!* Moreover, the many other
specifications we tried confirmed the robustness of the effect on
wages of the minimum unemployment rate variable. For example,
even when we simultaneously allow for an unrestricted tenure profile
(years of tenure dummies) and an unrestricted experience profile
(years of experience dummies), we still find this effect to be significant
(the coefficient is —.033; the standard error is .003 with the PSID).'®

V. Estimates by Industry

The previous section investigated implications of our simple contract
model using a pooled sample of all individuals. This assumes that all

1 Using data from the United Kingdom and contemporaneous county unemploy-
ment rates, Blanchflower, Oswald, and Garret (1988) find that the wage—unemploy-
ment rate elasticity is smaller for unionized establishments. McConnell (1989) also finds
evidence of a small wage—unemployment rate elasticity in the union sector in the
United States.

14 If there are shifts in labor supply, our interpretation of the results remains valid
as long as these shifts are uncorrelated with shifts in productivity (see n. 5).

15 Although we do not present the results, we also experimented with other summary
statistics for the history of labor market conditions. Our most extensive experiments
used generalized means of the form M(\) = |(1/N) £ x}|. As A — —o, M(\) equals the
minimum unemployment rate since one started with an employer; as A — ©, M(\)
equals the maximum unemployment rate since one started with an employer. None of
the values of A\ we tried was more robust than the measures reported here (we tried
25,5,1,0, =5, and —25).
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segments of the labor market behave similarly. In this section we shall
examine whether our results are robust or similar across industries.!®
In order to have a reasonable number of observations on different
individuals in each industry, we confine our estimation of industry-
specific effects to the CPS data. As noted above, this restricts us from
estimating the contemporaneous effect of labor market conditions.
However, by including a dummy variable for the year of the survey,
we can still examine whether past labor market conditions matter
for current wages after controlling for arbitrary contemporaneous
effects.

Tables 3 and 4 present estimates of Q, for 21 industries for the
contract model with costly mobility and the contract model with cost-
less mobility, respectively. For each industry we first estimated equa-
tion (9) by OLS, using the aggregate unemployment rate in column
I and the industry-specific unemployment rate in column 2. We allow
other coefficients to vary for each industry to minimize the possibility
of biases introduced by other misspecifications. The set of control
variables is unchanged.

There are several points worth noting about the results in tables 3
and 4. The estimates of both models have the estimated sign and
have a reasonable order of magnitude for almost all industries. In
particular, for the costless mobility model, the estimated coefficients
for Q, range mostly between —.03 and —.05 and are significant at
conventional levels for 15 industries (with the insignificant coeffi-
cients being concentrated within industries with relatively small sam-
ples). Furthermore, the robustness of these results across industries
militates against an interpretation of our results as merely indicating
that industries with high wage differentials are industries that do
their hiring in good times.

Notice that the estimates of (), are in general larger (more negative)
but less precisely estimated with the industry-specific unemployment
rates than with the aggregate rates. This could be caused by a mea-
surement error problem since the industrial affiliation of an unem-
ployed worker is not always obvious. A possible way to correct for
potential biases is to instrument industry rates with the aggregate
rate. This is a natural choice for an instrument since perhaps the
measurement error in the aggregate rate is uncorrelated with the
measurement error in the industry rate; at the same time it is likely
to be highly correlated with the actual rate itself. If these conjectures
are correct, we expect the coefficients on (), to be larger after instru-

16 A state-by-state segmentation would also be appropriate. Unfortunately, we have
reliable state unemployment data only back to 1976. Nevertheless, results when we
used the state rate and substituted the aggregate rate when it was missing yielded
similar estimates.



TABLE 3

CoNTRACT MODEL WiTH CosTLY MoBILITY: CPS ESTIMATES BY INDUSTRY

ORDINARY
LEAST SQUARES Hausman
———————————— INSTRUMENTAL TEsT
Aggregate Industry  VARIABLES x*(1) N

INDUSTRY (1) 2) 3) 4) (5)

Agriculture —.006 -.012 —.023 256 352
(.017) (.011) (.024)

Mining —.038 -.014 —.025 .489 373
(.015) (.007) (.017)

Construction —.007 —.000 —-.013 4.27 1,669
(.007) (.003) (.007)

Durable manufacturing —.011 —-.003 —-.013 2.21 3,624
(.004) (.003) (.007)

Nondurable manufacturing -.037 —.025 —.039 .982 1,939
(.006) (.005) (.015)

Transportation -.015 —.023 -.019 .005 264
(.015) (.016) (.058)

Other transportation —.020 —.026 —.033 .089 889
(.009) (.011) (.027)

Other utilities —.001 —-.003 —.003 .047 866
(.010) (.011) (.028)

Wholesale trade -.021 —.021 —.055 2.49 1,054
(.009) (.010) (.024)

Retail trade —.024 —.024 —.060 5.67 1,872
(.008) (.010) (.018)

Finance, insurance, and real estate -.013 —.001 —.059 2.73 781
(.013) (.020) (.041)

Business repair services —.059 -.095 —.131 .980 674
(.012) (.025) (.044)

Personal services —.047 —-.069 —-.107 293 208
(.019) (.034) (.078)

Entertainment .009 .035 —.048 1.21 148
(.030) (.057) (.094)

Medical services —.035 —.072 —-.107 134 149
(.028) (.041) (.105)

Hospital services .000 .016 -.018 272 358
(.014) (.024) (.071)

Welfare services —.050 -.078 —.127 548 253
(.020) (.035) (.075)

Educational services —-.016 —-.013 —.044 1.25 1,261
(.009) (.014) (.032)

Other professional services —.034 —.045 —.106 1.78 402
(.018) (.032) (.056)

Forestry/fishing .072 .066 .059 .005 62
(.007) (.023) (.092)

Public administration -.012 —.028 —.055 24.5 1,491
(.007) (.016) (.017)

Pooled -.017 —.007 —.024 18.06 18,711
(.002) (.002) (.004)
Test for Constancy of Coefficient across Industries

x2(21)* 45.08 67.25 29.63
(.002) (.000) (.010)

Schwartz criterion 206.6 206.6 206.6

Note.—Standard errors are in parentheses. The estimates in col. 1 use the U.S. aggregate unemployment rate

for prime-age males, those in col. 2 use the industry unemployment rate for wage and salaried workers from

Citibase (CPS estimates), and those in col. 3 are the industry rates instrumented by the aggregate rate. The test

statistics 1n col. 3 are distributed )(2(1) under the null hypothesis that the uninstrumented estimate is consistent.

The test statistics in the penultimate row are distributed x2(21) under the hypothesis that the coefficient is constant
across industries. All other coefficients are allowed to vary. All the tests and standard errors are consistent under
arbitrary forms of heteroskedasticity. Other regressors include potential experience, experience squared, tenure,
and schooling and dummies for union, nonwhite, SMSA, four regions, and year. The pooled estimate results from
imposing the restriction that the 22 coefficients are constant. One industry grouping with 18 individuals is not

presented. The dependent variable is log weekly earnings (1967 dollars).
* Numbers in parentheses in this row are probability values.
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TABLE 4

CoNTRACT MODEL WiTH COSTLESS MOBILITY: CPS ESTIMATES BY INDUSTRY

ORDINARY
LEAST SQUARES HausMaN
INSTRUMENTAL TEsT
Aggregate Industry  VARIABLES x3(1) N

INDUSTRY (1) (2) (3) 4) (5)

Agriculture —.028 —-.022 —.036 .562 352
(.021) (.014) (.023)

Mining —.047 —.017 —-.025 215 373
(.20) (.010) (.020)

Construction -.019 -.010 —.021 2.88 1,669
(.008) (.003) (.008)

Durable manufacturing —.028 —-.018 —-.028 1.29 3,624
(.006) (.004) (.010)

Nondurable manufacturing —.045 —.047 —-.063 669 1,939
(.009) (.009) (.022)

Transportation —-.008 -.014 -.015 .000 264
(.016) (.028) (.088)

Other transportation —-.037 —.055 —.052 011 889
(.012) (.017) (.033)

Other utilities -.013 -.023 -.033 .081 866
(.014) (.018) (.042)

Wholesale trade -.031 —.037 —.078 .209 1,054
(.011) (.015) (.090)

Retail trade -.030 —.034 -.075 7.59 1,872
(.010) (.014) (.020)

Finance, insurance, and real estate —.037 -.077 —.112 .958 781
(17) (.035) (051)

Business repair services —.66 —.153 —.135 271 674
(.016) (.034) (.048)

Personal services —.055 107 —-.109 .002 208
(.016) (.049) (.085)

Entertainment -.019 —.060 —-.109 480 148
(.044) (.083) (.108)

Medical services —.030 —.100 -.132 480 149
(.036) (.075) (.128)

Hospital services -.015 —.021 —-.056 .059 358
(.019) (.039) (.085)

Welfare services —.084 —.180 -.176 .003 253
(.026) (.054) (.091)

Educational services -.037 —.062 -.132 1.13 1,261
(.015) (.029) (.048)

Other professional services —.039 -.077 —.102 1.47 402
(.023) (.051) (.070)

Forestry/fishing 120 .081 .063 .030 62
(.047) (.034) (.106)

Public administration -.030 —.055 —.106 1.40 1,491
(.12) (.022) (.048)

Pooled -.031 -.022 —.034 7.60 18,711
(.003) (.003) (.005)
Test for Constancy of Coefficient across Industries

x2(21) 30.11 67.10 44.50
(.089) (.000) (.001)

Schwartz criterion 206.6 206.6 206.6

NoTe.—See notes to table 3.
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mentation. A brief glance through column 3 in both tables 3 and 4
shows that, while the standard errors increase somewhat, the coeffi-
cients are almost uniformly more negative once we instrument the
industry rate with the aggregate rate.

The estimated coefficients for ,, for each of the three columns
taken separately, do not seem to be constant across industries. The
test statistic for this hypothesis is given at the bottom of each column,
with the p-values never being greater than .01. This cross-industry
variation in the estimates will be explored in the following subsection.

Opverall, the estimates in tables 3 and 4 indicate that, independent
of the exact measure of labor market conditions, past labor market
conditions strongly affect wages even after contemporaneous effects
are controlled for. This suggests that our observation that a simple
spot market model is an inadequate description of the effect of labor
market conditions on the wage is quite robust across industries.

Table 5 completes the picture at the industry level by presenting
estimates for the nested specification. With aggregate rates, the esti-
mates in table 5 indicate that when both the unemployment rate at
the start of a job and the minimum unemployment rate since the
start of a job are included in the same regression, the unemployment
rate is never both negative and significant at conventional levels, while
the minimum rate is generally negative and quite precisely estimated.

A. A Parameterization of the Cross-Industry Variation
of the Contractual Effect on Wages

Up to this point, we have examined only whether past labor market
conditions affect wages. In this subsection we make a preliminary
attempt to use the model developed in Section II to make additional
predictions about the magnitude of these effects. Recall from equa-
tion (6) that the effect of labor market conditions, Q,, varied both
with the level of persistence of shocks in productivity, a, and with the
rate of exogenous breakup, 1 — w. If we view labor markets as being
separated by industry, the coefficient €}, in equation (10) needs to be
augmented by an industry subscript. While it is possible to estimate
these additional parameters by nonlinear methods, consider the fol-
lowing approximation, which is linear in the parameters:

Inw(,t +j,t,h) = X, + Qy(, ) C(L, ], b)
= 00X, + [y + &1 = wy) + 3, ]C (15, h)
= UX, +¥C(t,5, h) + &1 — wy)C(t,j, b)
+ 30, C(t, ], h).

1)



TABLE 5

NESTING THE Two CONTRACT MODELS: CPS ESTIMATES BY INDUSTRY

Unemployment Minimum Rate
at Start since Start Number of

Industry of Job of Job Observations

Agriculture .049 -.077 352
(.028) (.035)

Mining -.025 —-.022 373
(.017) (.029)

Construction .021 —.040 1,669
(012) (.015)

Durable manufacturing 014 —.042 3,624
(.006) (.013)

Nondurable manufacturing -.016 —.028 1,939
(.009) (.009)

Transportation -.022 .012 264
(.018) (.026)

Other transportation .009 —.046 889
(.016) (.021)

Other utilities .021 —-.036 866
(014) (.020)

Wholesale trade —.002 -.029 1,054
(014) (.018)

Retail trade —.011 -.019 1,872
(.014) (.018)

Finance, insurance, and real estate .040 —.080 781
(.519) (.029)

Business repair services —.041 —.023 674
(.030) (.034)

Personal services —-.030 —-.022 208
(.019) (.043)

Entertainment .100 —.120 148
(.068) (.080)

Medical services —.043 .012 149
(.034) (.046)

Hospital services .035 —.053 358
(.025) (.019)

Welfare services .016 —-.102 253
(.040) (.052)

Educational services .010 —.049 1,261
(.012) (.022)

Other professional services —-.025 -.013 402
(.025) (.032)

Forestry/fishing .021 .098 62
(.042) (.067)

Public administration .009 -.039 1,491
(.010) (017)

Pooled* .004 —-.036 18,711
(.003) (.005)

Test for Constancy of Coefficient
across Industries

X221 34.63 20.15
(.031) (.512)

Schwartz criterion 206.6 206.6

Note.—Standard errors are in parentheses. The test statistic is distributed x2(21) under the null hypothesis that
the coefficient is constant across industries. All other coefficients are allowed to vary. Both the tests and standard
errors are consistent under arbitrary forms of heteroskedasticity. Other regressors include potential experience,
experience squared, tenure, and schooling and dummy variables for union, nonwhite, SMSA, four regions, and
year. The pooled estimate results from imposing the restriction that the 22 coefficients are constant. One industry
grouping with 18 individuals is not presented. The dependent variable is log weekly earnings (1967 dollars).

* All other coefficients are free.

¥ Numbers in parentheses here are probability values.



684 JOURNAL OF POLITICAL ECONOMY

Remember from equation (10) that C(¢, j, ») represents the unem-
ployment rate appropriate to either the no-mobility or costless mobil-
ity model (an A subscript is now added to refer to the industry). The
added variables 1 — p, and o, represent the rate of exogenous
breakup and the persistence of shocks of industry 4, respectively. The
theory therefore provides a suggestion (or a test) on how to explain
the cross-industry variation in {), observed in the previous section.
Again following equation (6), we expect ¢ < 0 and & < 0.7 The
intuition for this result is straightforward. If productivity shocks are
very persistent, a given deterioration in current market conditions,
as expressed by an increase in unemployment, will lead workers to
accept a lower contract wage since the outlook associated with staying
unemployed is bleak. Similarly, if the exogenous breakup rate is high,
a given deterioration in current market conditions will lead workers
to accept a lower contract wage since they do not expect to be locked
in to the lower wage for very long.

The empirical implementation of (11) is not obvious since it is not
easy to obtain measures of p and a. Our approach is to estimate both
1 — p and « from the time-series process of annual industry-specific
unemployment rates. If the cycle in the unemployment rate is ap-
proximately symmetric, the unconditional variance of the unemploy-
ment rate is perhaps not too bad an approximation for 1 — p (we
choose to focus on the detrended rate). We considered several statis-
tics to measure persistence, including the variance ratio statistic pro-
posed by Cochrane (1988). Following along the lines of Campbell and
Mankiw (1987), we adopt a simple measure that, for the case of an
AR(1) process, is merely a* = 1/(1 — p,), where p, is the estimated
autoregressive parameter from the detrended series.

In table 6 we present the estimates for both contract models. In
the first part of the table we present the instrumental variables esti-
mates for both models using as instruments the aggregate unemploy-
ment rate and its interaction with 1 — w and a.!® The estimate of &
has the predicted sign and is significant; the estimate of ¢ (associated
with the breakup rate) has the wrong sign and is imprecisely esti-
mated. For clarity in the interpretation of the results, we present (in
addition to our estimates of 1 — p and o*, where a* is the persistence
measure, not the AR(1) parameter) the estimated derivatives of the
log wage with respect to the relevant unemployment rate variable for
nine industry groupings. In each industry the effect is significant,
large in magnitude, and quite precise. The estimates range from 0.8

17 We believe that the restrictions also apply for eq. (9), although we have not been
able to prove this under general conditions.

'8 The industry-by-industry estimates are similar when the uninstrumented data are
used.
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TABLE 6

685

PARAMETERIZATION OF THE CROSS-INDUSTRY VARIATION (CPS)
Model: In w(i, t + j, t, h) = X,B + yC(t,j) + &(1 — py)C(, j) + 3, C(2, j)

No Mobility

Costless Mobility

B .022 —.005
. (.005) (.013)
103 .003 .005
. (.002) (.004)
d —.026 —.026
(.005) (.005)
3 In w,,,,/3C,,
Minimum Rate
Rate at Start since Start

INDUSTRY af 1 — of Job of Job
Agriculture 2.29 347 —.028 —.049
(.008) (.008)

Mining 2.19 11.6 —.004 —.009
(.015) (.015)

Construction 1.95 10.3 —.002 —.008
(.014) (.014)

Durables 1.69 5.93 —.007 —.022
(.011) (011)

Nondurables 2.10 2.44 —.026 —.048
(.007) (.008)

Transportation and public utilities 1.90 1.55 —.024 —.047
. (.006) (.007)

Trade (wholesale and retail) 2.77 1.58 —.046 —.070
(.007) (.007)

Finance and services 2.50 817 —.040 —.066
(.005) (.006)

Public administration 3.24 484 —.061 —.087
(.006) (.006)

Note.—Except for construction and government, af (our persistence measure) is calculated from the AR(1)
parameters of the detrended annual measures of unemployment for wage and salaried workers. Agriculture and
government were calculated from an AR(2) model. The data on unemployment, for the period 1948—88, come
from Citibase. The 1 — w, (measure of breakup) is the regression variance from the detrending equation with a
linear and quadratic time trend. The standard errors for the last two columns do not account for the fact that p;
and a, are sample estimates. The estimates of the model are instrumental variables estimates using the aggregate
rate, aggregate times 1 — p,;, and aggregate times a} as instruments. The autoregressive parameters were estimated
by minimizing the conditional sums of squares.

to 8.7 percent for the costless mobility model and from 0.2 to 6 per-
cent for the no-mobility model. Given the substantial problems in
measuring and defining 1 — w and «, the results are quite surprising.
In particular, the fact that 3 is significant and has the predicted sign
provides some evidence in favor of interpreting wages as the solution
to an intertemporal contracting problem. It should be noted, how-
ever, that our model explains only a small portion of the unexplained
variation across industries in the level of wages and that industry
dummies remain jointly significant.
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VI. Conclusions

The main result of this paper is that an implicit contract model with
costless mobility seems to provide a better framework for describing
the link between labor market conditions and wages than a spot mar-
ket model. In particular, once we control for the best labor market
conditions since a worker began a job, as suggested by a modified
version of the implicit contract model developed by Harris and Holm-
strom (1982), we find that the contemporaneous unemployment rate
no longer affects wages. Moreover, the size of our estimates indicates
that the labor market, viewed as a market for contracts, is very procy-
clical even though employed workers are protected against deterio-
rating labor market conditions. Finally, we also find some evidence
that the cross-industry variation in our results conforms to a parame-
terization suggested by the theory, which we also view as encouraging
for contract models.

Appendix A

In this Appendix we derive equation (4) of the text. In order to simplify
equation (3), it is helpful to express the value function V(, -) as the expected
utility associated with one’s present job plus the expected value associated
with losing the job. This expansion is given by

U (w)

V(w, ®(1) = ;+ Z (1l = WB HEV(w(t + i), D + i) D)1

(A1)

Since the wage payment w(t + j, t) does not depend on t + j, this argument
will be suppressed temporarily.
Substituting (A1) into (3) and eliminating terms result in

Uwh(t)) = U(w(t) t T aaz B {U( w(®) — E[U(t + D@} (A2)

Assuming U() = log(") and using equations (1) and (2) to replace w(t + 1)
in equation (A2), we can write

log[w(®] By’

1 =
OBk 0] = T o5~ T s
(1 — Bude(t A9
E[log[(l — Q@ + aw(l) + ———”—e()]]
1 - Bpla
The Taylor series expansion of log{(l — a)®* + aw() + [(1 -

Brde)/(1 — Bp2a)]} around d* is

(1= Bu2)e(t)] _

log[(l - a)®* + aw() + I ppta

log(®*) + _ [w(t) ~ ®¥]
(A4)
1 (1= B

or 1-p TP
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where Rp is the residual representing second-order and higher terms. This
residual is always negative because U(:) is concave. Although Rp is time vary-
ing, we shall assume that it can be well approximated as a constant.

Taking the expectation of (A4), substituting the result into equation (A3),
and using the approximation

w(t) — O*

e " log[w(#)] — log(®*) (Ab)
give
1 - app? 3 Bui(l — a) 3 BRIRp
log[wh(t)] = ———1 W log[w(t)] —l ot log(d*) —-1 - (A6)
Rearranging terms results in
loglu(t + j,1)] = 7= 5 BuA(1 — log(®*) + Bu*Ry]
4)
1 - Bu?
+ 1~ ap? log[wh(t)].

The contract wage is now restated in terms of its two arguments.

Appendix B

In order to derive relationship (9), it is useful to rewrite the labor market
equilibrium condition given in equation (Al) for the case in which the con-
tract wage satisfies equation (8). This expansion of equation (Al) is given by

Uwh,) = UX(Dy) +

1

(BAH{E[U(max {X(®,,,)}!-0)| P]
1 (B1)

— E[U(max{X(®,,)}}-1)| ]}

o

As a consequence of the assumption that the ®’s obey an AR(1) process,
the right-hand side of equation (Bl) can be written as U(wh(t)) = g(®P,).
Moreover, since X(-) is a strictly increasing function and the ®’s are positively
autocorrelated at all lags, the function g(-) is a strictly increasing function of
® and hence can be inverted. The state of technology can therefore be ex-
pressed as an increasing function of the current reservation wage: &, =
g (Uwh)).

It is now possible to relate wage payments with labor market conditions.
Maintaining the assumption that U(-) = log(-) and using equation (5) to link
the unemployment rate with the reservation wage, we can rewrite equation

(8) as
. j
W, = max{X(g‘l(A -(1- 9)103[1 - ]l,((tt-:-zi))])>} '
1=0

A\ (B2)
Wt +j,t) = max{k(l G z))} , K()<O0.
i=0

L+ 1)
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