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Abstract

I investigate the cyclicality of the cost incentives for job creation in search and
matching models distinguishing the user cost of labor from the wage payment. The user
cost of labor includes the wage at the time of hiring as well as the expected effect of the
economic conditions at the time of hiring on future wages. If wages are smoothed by
implicit contracts, then a weak cyclicality of wages can conceal a substantial cyclicality
of the user cost of labor incurred by firms. I calculate the cyclicality of the user cost
and its components under alternative wage setting mechanisms. I find that in the
presence of implicit contracts the wage component of the user cost is more cyclical
than the wages of newly hired workers, which in turn are more cyclical than the wages
of all workers. The cyclicality of the user cost across economies is approximately the
same across settings; however, individual wage cyclicality varies significantly depending
on the wage setting mechanism. Recent papers stress rigid wages as an amplification
mechanism for the fluctuations in the vacancy-unemployment ratio (Shimer 2005, Hall
2005). This mechanism works by reducing cyclicality of labor’s user cost. As found
in Kudlyak (2007), the wage component of the user cost is noticeably more procyclical
than the individual wages. When the models are calibrated to match the empirical
cyclicality of the wage component of the user cost, the models generate approximately
half of the empirical volatility of the vacancy-unemployment ratio regardless of the wage
setting mechanism.
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1 Introduction

A firm employs a factor up to the point where the marginal benefit of using the factor equals its
user cost. For factors hired in a spot market, the user cost is simply the factor’s spot market price.
If factors are purchased (like capital) or contracted for more than one period, the user cost is an
implicit rental price. The rental price is the difference between the purchase price and the expected
price that can be recovered from selling the un-depreciated part of the factor.

By analogy, the user cost of labor is the difference between the costs of adding a worker starting
from the current period and the expected costs of replacing the worker the next period. If the
labor market is a spot market, then the user cost is the wage. But adding a worker is often a long
term investment. In the presence of contracts, the economic conditions at the time of hiring might
have an impact on the future wage payments within the employment relationship. This impact is
captured by the user cost.

In this paper I investigate the cyclicality of the cost incentives of job creation in search and
matching models distinguishing the user cost of labor from the wage payment. Shimer (2005)
is among the first to show that the standard search and matching model lacks amplification of
the productivity shock to generate the empirical volatility of its key endogenous variable, the
vacancy-unemployment ratio. Pissarides (2007) labels this failure of the model ‘the unemployment
volatility puzzle’. The literature suggests rigid wages as a possible amplification mechanism for the
fluctuations in the vacancy-unemployment ratio (Shimer 2005, Hall 2005). This mechanism works
through making labor’s user cost rigid. However, if wages are smoothed by implicit contracts, then
rigidity of wages does not imply rigidity of the user cost of labor. In Kudlyak (2007), I construct
the user cost from individual wages and find that it is noticeably more cyclical than wages. And,
as I show in this paper, the puzzle remains.

To understand how the mild cyclicality of individual wages can conceal a substantial cyclicality
of the user cost of labor, consider a contractual arrangement that entails smoothed wages within
the employment relationships. When the unemployment rate is high, the wage of new hires is 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, then hiring wages in the future are expected to rise. By hiring now as
opposed to next year, a firm ‘locks in’ a worker to a relatively low stream of wages. In this case,
the wage at the time of hiring overstates the wage component of the user cost of labor incurred
by the firm. The user cost is lower by the expected difference between the present value of wages
to be paid starting from the next year to a worker hired in the next year and the present value of
wages to be paid from that time to a worker hired now.

Empirical support for the importance of accounting for the user cost as opposed to the individual
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the individual wages. Additional indirect evidence of ‘lock in’ to the conditions at the time of hiring
can be found in the literature on the cyclicality of individual wages of job changers and job stayers:
wages of job changers are 3 to 5 times more cyclical than wages of job stayers, indicating that wages
within employment relationships do not respond as readily to changes in economic conditions as
wages at the time of hiring.! In Kudlyak (2007), I construct the wage cost component of the user
cost from individual wages and turnover using NLSY79 data and find that the constructed price
of labor is almost three times as cyclical as the individual wages. In particular, one percentage
point decrease in unemployment generates approximately 4.5% increase in the price of labor. This
cyclicality is also noticeably higher than the cyclicality of the wages of newly hired workers reported
in the literature as summarized by Pissarides (2007).

In this paper I consider an economy with search and matching frictions, stochastic productivity,
and exogenous separations. In such an economy the user cost of labor can be decomposed into its
vacancy and wage cost components. I show that, with free entry, the optimal decision of a firm
is to hire labor until the point where a worker’s current marginal product equals the user cost of
labor, that is, the sum of the vacancy and wage cost components. The vacancy cost component
refers to the expected difference in expenses on vacancy creation between the current period and
the next. Future expenses are discounted to take into account the real interest rate and turnover.
The wage cost component refers to the expected difference in expenses from starting to pay wages
in the current period versus the next period, with next period expenses discounted to take into
account the real interest rate and turnover. Notice that the wage cost component consists of the
difference between two present discounted streams of wages. Therefore, in addition to wages at the
time of hiring, the wage cost component includes the effects of economic conditions at the time of
hiring on future wages.

To investigate the dynamics of the user cost of labor and its components, I embed alternative
wage setting mechanisms in the search and matching model with risk-averse workers. In addition
to continuous re-bargaining, I consider the implicit contracts of Thomas and Worrall (1988) with
three different modes of commitment: full commitment, lack of commitment on the worker’s side,
and two-sided lack of commitment.? In the quantitative investigation all four economies are hit by
the same series of productivity shocks. For each model I calculate the cyclicality of wages and the
components of the user cost from the simulated data on individual wages, components of the user
cost and unemployment rates.

I find that in the presence of implicit contracts the wage cost component is more cyclical than

'See Pissarides (2007) for a review of empirical studies of the cyclicality of individual wages.

?Recently Sigouin (2004) and Rudanko (2006) have embedded the wage-setting mechanism of Thomas and Worrall
(1988) into a search and matching model. The former investigates the cyclicality of hours worked in the context of
a partial equilibrium search model, while the latter investigates the elasticity of aggregate wage with respect to
productivity.



the wages of newly hired workers, which in turn are more cyclical than the wages of all workers.
The cyclicality of the wage component of the user cost across economies with different wage setting
mechanisms is approximately the same. However, individual wage cyclicality varies significantly
depending on the individual wage setting mechanism. Wages are only weakly procyclical in the
model with implicit contracts with full commitment. Wages are more cyclical in the models with
implicit contracts with lack of commitment. In the continuous rebargaining model the individual
wage is as cyclical as the wage cost component of the user cost.

I analyze the quantitative behavior of the vacancy-unemployment ratio implied by the four
models using the cyclicality of the wage cost found in the companion paper. In particular, the
models are calibrated so that the cyclicality of the wage cost component matches its empirical
counterpart. I find that the model generates less than the half of the empirical volatility of the
vacancy-unemployment ratio regardless of the wage setting mechanism.

This paper contributes to the ongoing discussion on the quantitative behavior of the models
with search and matching.

Shimer (2005) calls for rigid wages as a possible amplification mechanism in search and matching
model. Although Shimer acknowledges that 'more rigid wages in new jobs, measured in present
value terms’ should be the solution to look for, the analysis of wages is centered on the analytical
expression for wages obtained from continuous rebargaining. Testing the claim for rigidity requires
comparing the cyclicality of wage cost in the data with the cyclicality implied by the model. The
rigid wage approach generated vast interest in the literature and gave rise to developments of the
alternative wage setting mechanisms in a search and matching model. In the original paper Shimer
(2005) derives the need for wage rigidity from analytical considerations. Only recently literature
turned to contrasting the wage dynamics in the model with the data (Hagedorn and Manovskii 2005;
Rudanko 2006; Pissarides 2007; Haefke, Sonntag, and Rens 2007). Although it is acknowledged that
the wage is not allocational in the presence of a long term employment relationship, the literature
concentrates mostly on individual wage dynamics. The quantitative results in this paper highlight
that judging the wage rigidity from the individual wages as opposed to the wage component of the
user cost can be misleading.

Contemporaneously, Pissarides (2007) and Haefke, Sonntag and van Rens (2007) examine the
dynamics of the wages of newly hired workers in the search and matching model with continuous
rebargaining. Under continuous rebargaining wages are the same across all job matches in every
period. It implies that the average wage at time ¢ equals the wage of new hires at time ¢ and equals
the wage component of user cost. In the data the average wage is less cyclical than the wages of
newly hired workers. Hence, the comparison of the dynamics of the wages from the model to the
dynamics of the wages of newly hired workers as opposed to the dynamics of the average wage

helps to shift away from the rigid wage assumption. However, under continuous rebargaining, the



dynamics of wages from the model should be contrasted with the dynamics of the wage component
of the user cost in the data. In the data the latter is noticeably more cyclical than the wages of
newly hired workers. This implies more negative news for the quantitative behavior of the basic
search and matching model.

The concept of user cost was introduced by Keynes and clarified in Scott (1953). Later Jorgenson
(1963) applies the term to define the ‘shadow’ price of capital and Rosen (1969) adopts the term
for labor’s cost. In Rosen (1969) the user cost of labor refers to the required return to cover
the real interest and turnover costs. In addition to Rosen’s components, the concept used here
encompasses the worker’s wage as well as the effect of the economic conditions at the time of hiring
on future wages. However, despite a long history, the user cost has not been employed in the
recent literature on the quantitative behavior of search and matching models. While the studies
acknowledge that what matters for job creation is present value of wages, the literature usually
proceeds with the analysis of the individual wage obtained by continuous rebargaining. However,
the empirical evidence suggests the importance of the effect of the economic conditions at the time
of hiring for future wages.

The paper is organized as follows. Section 2 introduces the user cost of labor and presents the
decomposition of the user cost into its vacancy and wage costs components in the context of the
search model. Section 3 provides a theoretical description of the models with continuous rebar-
gaining and implicit contacts. Section 4 reviews the existing empirical evidence on the cyclicality
of the user cost and wages. Section 5 presents the quantitative results and discussion. Section 6

concludes.

2 The User Cost of Labor

In this section I outline a discrete time search and matching model and introduce the user cost of
labor. I will argue that the user cost of labor as opposed to individual wages is a key factor in the

job creation decision of firms.

2.1 Environment

The economy is populated by a continuum of infinitely lived risk-neutral homogeneous firms and
a continuum of measure 1 of homogeneous infinitely lived workers. Firms maximize the present
discounted value of profits. Workers maximize the present discounted value of utility. Firms and
workers discount the future with a common discount factor 8, 0 < 5 < 1.

A firm can choose to remain inactive or to start production. Production requires only labor
input. To start production, a firm must enter the labor market and hire a worker. There is a free

entry; however, due to labor market frictions, the creation of a productive firm-worker match is



costly. Upon entering the labor market, a firm opens vacancies and searches for a worker. A firm
must pay a per vacancy cost, ¢, measured in units of the consumption good.

An unemployed worker receives a per period unemployment benefit, b, and costlessly searches
for a job. Workers in productive matches earn wages and cannot search while employed. Workers
have preferences over consumption and do not value leisure. They do not have access to credit
markets and cannot save.

When a firm with an open vacancy and an unemployed worker meet, they form a match that
immediately becomes productive. While matched, all firm-worker pairs have the same constant
return to scale production technology, which uses a unit of labor indivisibly supplied by the worker.
Each firm-worker match produces per period output z. Aggregate productivity, z, evolves stochas-
tically. The value of z and its evolution are common knowledge. The firm receives output, z, and
pays wage, w, to the worker.

The economy operates according to the following time line: 1) at the beginning of a period
a firm decides whether to create a job or to stay inactive; if the decision is to create a job, the
firm posts vacancies and incurs the vacancy posting cost; also, workers who were unemployed for
at least one period costlessly search for jobs; 2) when firms with open vacancies meet unemployed
workers, new matches are created; 3) production takes place in both newly-created matches and
matches that were carried over from the previous period; employed workers receive wages and
unemployed workers receive their consumption equivalent, b; 4) at the end of a period a fraction
0 of productive matches is randomly selected and exogenously destroyed: the workers who were
employed in those matches become unemployed and the firms who operated those matches return
to the pool of inactive firms; 5) surviving matches are carried over to the next period.

Given the number of unemployed workers, u, and the number of vacancies, v, the number
of newly created matches in the economy is determined by a matching function, m(u,v). Let

m(u,v) m(u,v)

q(u,v) = == denote the probability of filling a vacancy for a firm. Let u(u,v) = denote
the probability of finding a job for an unemployed worker. Let €2; denote a vector of state variables
at time ¢, including the aggregate productivity z¢, and let Q' = {Q,}!_,. The values in the economy
can be summarized by the following functions. The option value of an inactive firm is assumed to
be equal 0.

The value function of a firm with a worker at time ¢ given that the productive match started

at time to, Jr4(to, ), is
T1i(to, Q) = 2 — wi(to, Q') + BE [(1 = 8)J 441 (to, {2, Q1 })[Q'] (1)
The value function of an opened vacancy, J,, +(QF), is

Jot(Q1) = —ctq(ue(Q), ve(Q1)) T 5o (8, Q) +B(1—q(ur(Q), v(Q)))BE [Ty 1 ({2, Qe }IQ'] . (2)



With free entry, firms enter the labor market and post vacancies until the value of an open vacancy
is driven to zero, J,(2") = 0 Vt. Denote by ¢(.) the worker’s utility function. Then the value
function of an employed worker at time ¢ given that the productive match started at time tg,
Vet (to, Qt), is

Veu(to, Q") = p(wi(to, %) + BE [(1 = 6)Vers1(to, {Q Qur}) + 0V ({2, ua DIQT] . (3)

The value function of an unemployed worker at time ¢, V,, ;(Q!), is

Vaur(Q) = ¢(b) +

( (w1 ({98 Qi1 }), vern ({8, Q1 })) Versa (0 4+ 1, {Q8, Quya })+ ) ‘Qt] )

E
’ (1 = puerr ({2, Qeq1 1), w1 ({98, Q1 ) Vaer 1 ({2, Q11 )

2.2 The Cost of Creating a Firm-Worker Match

Consider a firm facing the decision of creating a productive match in the current period versus
postponing the creation until the next. Assuming that the probability of filling one vacancy,
q(u,v), is less than 1, to create one match a firm should open just enough vacancies to expect to
fill one. The firm’s decision involves comparing the marginal benefits and the costs. The costs of
such a decision are summarized by the user cost of labor: all the expenses associated with creating
a match in the current period that can be avoided if the creation is postponed. Therefore, the user
cost does not include the total payments associated with creation of a productive match, but only
the part that is expected to be in excess of what a firm will need to pay the next period.

If changes in economic conditions from ¢ to ¢ + 1 do not have any impact on the hiring cost
and future wage payments, then the user cost consists of the wage at the time of hiring and the
required return to cover the real interest rate and turnover. The real interest rate is associated
with paying the vacancy creation costs at ¢ instead of delaying until £ + 1. The turnover cost is
associated with the possibility of separation in period ¢, which decreases the number of matches
surviving until period ¢ + 1. However, in general, economic conditions may have an impact on
future wage payments due to long term employment contracts. Hence, the user cost of labor is
calculated as the difference between the expected present discounted value of the costs of hiring
and wage payments to the worker in a productive match that starts in period ¢ and the expected
present discounted value of the costs of replacing the worker in period ¢ + 1.

The concept of the user cost of labor is analogous to the implicit rental price of capital: the full
costs incurred during the utilization take into account the price at which the factor was acquired
at the beginning of the utilization period, expenses on utilization, and the price at which the
remaining, un-depreciated part of the factor can be sold. By analogy, the expected reselling price

of the employment relationship is the expected discounted value that another firm would be willing



to pay in t + 1 to take over the productive relationship that started in ¢, which in equilibrium is
equal to the cost this firm would have pay to create a match tomorrow.

In the search and matching model the user cost of labor can be decomposed into its two com-
ponents: the vacancy cost component and the wage cost component. The vacancy cost component
is related to the costs of opening vacancies. The expenses of opening a vacancy will be unavoidable
even if job creation is postponed until the next period. Hence, the vacancy cost component is the
difference between the expected cost of opening enough vacancies to create one productive match
in the current period and the discounted expected cost of doing this next period. The wage cost
component includes the current period wage as well any possible future costs associated with the
effect of the economic conditions at the time of hiring on wage payments.

Let us denote by Cy(2!) the expected present discounted values of wages paid during employment

relationships that start in period ¢, where

o)

Co(Q) = wi(t, Q) + D (B(1=8))"E [w.(£,927)|Q].

T=t+1

Given the probability of filling a vacancy in period ¢, q(u ('), v:(Q%)), to create one job in period
t, a firm opens 1/q(us (), v:(Q)) vacancies, each at the cost ¢, and subsequently pays the worker
an expected present discounted stream of wages Cy(Q2'). Given a constant exogenous separation
rate §, in period ¢t + 1 a firm should open (1 — 8)/q(ut1({Q, Qus1}), vep1 ({QF, Q41})) vacancies
to keep the number of expected matches in period t 4+ 1 equal to the number of surviving matches
from period ¢ and pay a stream of wages with expected present discounted value Cy11({Q%, Q11})

to each hired worker. Hence, the user cost of labor in period t, UC(Q?), is

Cc

UCHQ') = [q(ut(ﬂt),w(ﬂt»

+ Ct(Qt)} —

C

Pl -0)F |:<Q(Ut+1({9t, Qup1}), v ({2, Qi1 }))

(e, m})) mﬂ 5)

Define the vacancy component of user cost, UC) ('), as

q(u(2), v ()

Cc

Vioty _ !
Ue; (&) = (Ut+1({Qt7Qt+1})avt+1({9t79t+l}))’Q} '

—-B(1—=9)E
8- 0)E
Define the wage component of user cost, UC}Y (Q!), as

UCH (91) = Cu@) — B(1 - 6)E [Coan ({2, Q1 })I]

Rearranging the expression for UCy(Q) yields a decomposition of the user cost of labor into its



two components:
UC{(Q) =ucy Q) +uc) ().

The two components in the decomposition of user cost are treated differently from the perspec-
tive of the firm. The wage cost component is based on the wages offered by a firm to a worker.
The vacancy cost component is taken as given and depends on the aggregates in the economy.

Given free entry for firms, the following proposition obtains.

Proposition 1. Given free entry for firms, the marginal productivity of a match equals the
period user cost of labor, z; = UC(2) Vt.

Proof.

Consider a value of a firm with a worker at time ¢t given that the productive match starts at

time ¢:

Jf’t(t, Qt) = 2t — ’th(t, Qt) + ,8(1 - 6)E [Jf,t+1(t, {Qt, QH_l})‘Qt] ==
[e.e]
2 —wi(t, Q) + Y (B(L=8)"E [(zr — we(£,Q7)Q] .
T=t+1
Then the expected difference between the value of a firm at time ¢t from the match that starts at
time ¢t and the expected present discounted value from the match at time ¢ + 1 that starts at ¢+ 1,

is

Jf,t(ta Qt) - 6(1 - 5)E [Jf,t-‘rl(t +1, {Qtv Qt+1})|Qt] =
2= |wi(t, Q) + Y (B(L=8))""E [(wr(t,Q7) = wr (¢ +1,07)[Q]
T=t+1

=z — UCY(QY).

Substituting the free entry condition, Jy(t, 0 = W‘m, into the left-hand side of the above

equation allows it to be rewritten as follows:

q(ue (), ve (€2))

[
(w1 ({2, Qi1 }), v ({928, Qgr }

—B(L-0)E {q > ]Qt} = Uy (4, Qb).

C
)sVt41

Using UCY () = m—ﬁ(l—(S)E |:q(ut+1({Qt,Qt+1} CETIER) |Qt} , the following equal-
ity obtains:

u=UCcy () +Ucl(Q).m

Firms create jobs in period t as long as the marginal benefit from adding a worker exceeds the
user cost of labor. Due to free entry, the firms will enter the labor market until the net benefit
is driven to 0. At that point the decision to add a worker exactly balances the current value of

the benefit with both the current cost and the current value of the expected future cost resulting



from the current decision. If the user cost exceeds the marginal benefit and firm decides to create

a match, then this decision is executed at the expense of the future expected uses of resources.

2.3 The Wage Component of the User Cost of Labor

The wage component of the user cost is:

0o

UCI(Q) = wy(t, Q) + > (B1L=0)""E [(wi(t,97) — wepa (¢ +1,Q7))|Q1] . (6)
T=t+1

The wage cost at time ¢ consists of two parts: the hiring wage at time ¢ and the expected present

discounted value of the differences between wages paid from the next period onward in the employ-

ment relationship that started in period ¢ and the employment relationship that started in period

t 4+ 1. Unless the second term is 0, the wage cost component is not equal to the wage at the time

of hiring,.

Consider the conditions under which the second term in (6) vanishes. An example is the case
where the wage is reset each period and is not history-dependent. Then wages across all matches
are equal in every period. Hence, the wage component of the user cost of labor equals the wage at
the time of hiring. The wage cost will also include only the wage at the time of hiring if the wage
is rigid and is not responsive to changes in economic conditions. Finally, if the aggregate shock in
the economy is perfectly autocorrelated, then there is no expected change in productivity. In that
case, depending on the nature of the contract, the expected wages may remain constant due to the
unchanged economic conditions.

However, in general wages are history dependent. For example, if workers are risk-averse and
cannot save, firms that have access to asset markets can provide insurance against fluctuations in
productivity. In this case, the wage at the time of hiring is part of a contractual scheme. Contracts
are designed to deliver promised utility to the worker. Firms choose the wage stream to minimize
the expected cost of delivery of the promised value. Hence, the wage may not reflect the total wage
commitment that the firm takes on at the time of hiring. The wage component of the user cost of
labor summarizes the future value of this commitment in current terms. Depending on the process
for individual wage determination, the second term in (6) can dampen or amplify the fluctuations
of the wage costs relative to the hiring wages.

Now consider the result of Proposition 1: in the model the dynamics of the wage component of

the user cost and vacancies and unemployment are tied together by the following equation:

= <q<ut<nt>,vt<nt>> T O O ) o (9 )

Given the dynamics of the wage component of the user cost, the dynamics of individual wages do

7 |Qt]>+UctW(Qt). (7)
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not have a direct impact on the dynamics of vacancies and unemployment. The dynamics of the
wage component of the user cost are what matter for the dynamics of firms’ job creation activity.

The dynamics of individual wages are determined by the individual wage setting mechanism
and can vary considerably. The question I pose regards the relationship between the cyclicality
of individual wages and the cyclicality of the wage component of the user cost. In particular,
how cyclical can the wage component of the user cost be if wages are smoothed by contractual
arrangements?

In the next section I consider four different wage setting mechanisms in models with search and
matching and risk-averse workers. In addition to continuous rebargaining, I consider three mecha-
nisms with implicit contracts distinguished by the abilities of the parties to commit to the contract.
The implicit contracts are designed so that firms shield risk-averse workers from fluctuations in pro-
ductivity. As the results of the quantitative investigation reveal, the weak cyclicality of individual

wages may conceal a substantial cyclicality of the wage costs associated with job creation.

2.4 Reinterpreting Rigidity in Wages as an Amplification Mechanism

Shimer (2005) calibrates the standard search and matching model and finds that it does not generate
the empirical magnitudes of the fluctuations in vacancies and unemployment. In the standard model
there are two assumptions in addition to the environment described above. First, workers are risk
neutral. Second, upon meeting a firm and a worker divide a total surplus from the match according
to the Nash bargaining rule. Under this rule a worker gets a constant share of the surplus. Hence,
fluctuations in productivity are almost entirely mirrored by the change in wages. Consequently,
productivity shocks do not bring large changes in firms’ job creation activity. In particular, Shimer
(2005) shows that both vacancies and unemployment are 10 times less volatile in the model than
in the data. Shimer (2005) and Hall (2005) suggest that the surplus sharing rule may be the source
of the model’s failure to amplify the propagation of the productivity shock. A surplus sharing rule
that makes the worker’s share less responsive to changes in productivity at the time of hiring will
generate larger response of firms to shock.

To understand the required rigidity in wages for the amplification mechanism, consider Propo-
sition 1 and the decomposition of the user cost of labor as summarized in equation (7). It demon-
strates the trade-off between the volatility of the vacancy cost component and the wage cost compo-
nent. Both wage cost component and vacancy cost component are positively related to productivity

(are procyclical).® Hence, the weaker the response of the wage component of user cost to changes

3To see why the vacancy cost component must be procyclical, suppose that the productivity process is stationary
and positively autocorrelated. Given the stationarity, the elasticity of the expected present discounted value of the
productivity with respect to the initial productivity, in general, is less than 1. In the data, firm’s profits, which
is the difference between the expected present discounted values of productivity and wages, are procyclical as well.
Hence, the elasticity of the expected present discounted value of wages is at most 1. The wage cost is the expected
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in productivity, the stronger the response of the vacancy cost component, which is a function of
the number of vacancies and unemployed. If the wage cost component is rigid, then the vacancy
cost component absorbs all the fluctuations in productivity.

Equation (7) provides intuition behind the test of the quantitative behavior of the search and
matching model that I conduct in the paper. It allows bringing together the data on unemployment
and the statistics from wage data that are relevant for the job creation decision. This test is feasible
if there is an empirical counterpart of the dynamics of the wage component of the user cost. The
empirical counterpart is obtained from Kudlyak (2007), where I construct a measure of the wage
component of the user cost and calculate its cyclicality. In this paper I calibrate the models
with different wage setting mechanisms to match this cyclicality. Then, given the dynamics of
productivity shocks, I obtain the dynamics of vacancies and unemployment implied by the models.

As mentioned above, given the dynamics of the wage component of the user cost, individual
wage dynamics do not have a direct effect on the dynamics of unemployment and vacancies. As
the results show (Table 5), once the cyclicality of the wage component of the user cost is calibrated
across different models to its empirical counterpart, then the economies that are hit by the same
sequence of productivity shocks generate very similar dynamics of vacancies and unemployment
regardless of the individual wage setting mechanism. Furthermore, in the case where both firms
and workers are risk neutral the individual path of wages does not affect the total surplus from job
creation, provided the present discounted value of wages at the time of hiring is held constant. In
that case the economies with different wage settings exactly share the user cost and the issue of

the wage setting mechanism is sidestepped all together.

3 Model

In this Section I describe four search and matching models with alternative wage-setting mecha-
nisms. The purpose is to examine wage setting mechanisms that allow for different cyclicality of
the individual wages and, in the quantitative results section, to investigate the implications for the
cyclicality of the user cost of labor and its components.

First, I consider contractual arrangements. In this case, individual wages may depend on the
history of economic conditions from the start of an employment relationship. Consequently, under
this kind of wage setting mechanism, the wage cost in (6) has a non-zero second term. In addition,
I consider a conventional continuous rebargaining wage setting mechanism. In this case, the wage
cost equals the wage at the time of hiring.

The contractual arrangements I consider are implicit contracts as introduced by Thomas and

difference between the expected present discounted values of wages between two consecutive periods. Given positive
autocorrelation and stationarity of the process for productivity, the elasticity of wage cost with respect to productivity
is nonnegative and at most 1. Hence, the elasticity of the vacancy cost component is nonnegative.
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Worrall (1988). They study an environment where firms are risk-neutral and workers are risk-
averse. Absent workers’ access to capital markets, workers’ aversion to fluctuations in consumption

due to fluctuations in earnings provides a scope for the provision of insurance by firms.

3.1 Implicit Self-Enforcing Contracts

In this subsection implicit self-enforcing contracts as in Thomas and Worrall (1988) are embedded
into the search and matching model with risk-averse workers. The exposition below follows Rudanko
(2006).

3.1.1 Environment, Workers and Firms

Consider the same economic environment as introduced in Section 2.1. Here I additionally spec-
ify the search and matching technology, the mechanism for wage determination, workers’ utility
function, and the stochastic process for productivity shocks.

Firms are risk neutral and maximize the expected present discounted value of profits. Workers

are risk-averse and maximize the expected present discounted value of utility:
o0
B BTe(er), ¢ler) > 0,¢0"(er) <0,
T=t

where c¢; is consumption in period 7, which is equal to the wage for employed workers and to the
consumption equivalent, b, for unemployed agents.

I model the search technology using the competitive search framework of Moen (1997). Firms
open vacancies with associated employment contracts and workers direct their search to employment
contracts. The vacancies opened with the associated contract o and the unemployed workers
searching for contract o constitute a labor market with an associated market tightness 6,. A
contract is a state-contingent sequence of wages that delivers a certain promised value to the
worker. The contracts considered here insure workers against fluctuations in wages caused by
fluctuations in productivity. However, they do not insure against the drop in consumption caused
by the termination of the employment relationship.

The matching function has a conventional Cobb-Douglas specification (Petrongolo and Pis-
sarides 2001), m(u,v) = Ku®v'=® where a € [0,1], is the elasticity of matching function with
respect to the number of unemployed. Given 6 = 7, a labor market tightness, the probability of
filling a vacancy for a firm is ¢(0) = w = KO0 and the probability of finding a job for an
unemployed worker is p(0) = w = Kot~

The stochastic process for aggregate productivity, z, is governed by a stationary first-order
Markov process with transition probabilities m(z:11|2:) and a set of possible states Z = {z1, ..., 2k }

such that z; < z;41, 1 < i < K. All agents in the economy can observe the aggregate state.
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I distinguish three types of contracts based on different degrees of commitment: full commitment
contracts, contracts with lack of commitment from the worker’s side and full commitment from the
firm’s side, and contracts with lack of commitment from both the worker’s and firm’s sides. If there
is a lack of commitment from any side of the contract, the contract should be self-enforcing for
that side to prevent reneging. A contract is self-enforcing for a worker if in any period the value a
worker receives from a contract o is not less than the value a worker receives upon reneging on the
contract. A contract is self-enforcing for a firm if in any period the value the firm obtains from the
contract ¢ is not less than the value the firm can obtain from severing an employment relationship
and entering a pool of inactive firms, which have option value 0.

When employed, a worker produces output z; and consumes the wage, w, (o, 2*), specified un-
der the contract accepted at the beginning of the employment relationship. An employed worker
becomes unemployed when the employment relationship is terminated due to the exogenous sep-
aration shock or when either of the parties reneges on the contract. Given that the contract is
self-enforcing or the agent is assumed fully committed, a worker will never quit.

In the original Thomas and Worrall (1988) environment without labor market frictions, workers
who renege on the contract are prohibited from entering any contractual arrangements in the future
and are bound to trade their labor services at the spot market wage. In the current environment,
once unemployed, workers search and enter contractual arrangements as soon as they find a new
match. However, both firms and workers face search and matching frictions. Those frictions
influence the value of the outside option through the probability of finding a new match. The
job finding probability in the economy depends on the aggregate productivity and the number
of unemployed workers searching for a job, which are the two state variables in the economy.
However, as is customary in the literature (Shimer 2005), I consider only those equilibria in which
all endogenous variables depend only on the history of aggregate productivity, z¢. Once unemployed
and searching, all workers are identical: there are no savings and no stigma attached to being
unemployed.

The value an employed worker receives in period ¢ from a contract that started in period %,
Ve (to, 24), is

Veol(to, ') = plwy(to, 2) + By > B7(1—8) "D [(1 = 8)p(ws(to, {271, 27 })) + Val2r)] -
T=t+1

The value of a newly unemployed worker or a worker who did not find a match in the current
period is a sum of the current utility, obtained from consuming an unemployment benefit, b, and

the expected discounted value from searching:

V() = 9(0) + BE; [1(0s ({21, 26}) Ve (¢ + 1, {z", 2041 }) + (1= p(l({='7F, 2 1)) Va(2e41)] -
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The value a firm obtains in period ¢ given the aggregate state z; from a contract o that started in
period tg is

[e.e]

Jt o (o, 2Y) = 2z — wy(tg, 2') + E; Z (B(1—6))" 2y — we(to, {2771, 20 })).
T=t+1

3.1.2 Efficient Equilibrium Contracts in a Search and Matching Environment

Equilibrium contracts are limited to efficient optimal contracts. A contract is efficient if there
exists no other contract that offers each party at least as much expected utility and one party
strictly more. A contract is optimal if it maximizes the total welfare given the initial promise of
a value to one of the parties. An efficient contract cannot be Pareto dominated after any history.
Hence, after any history it can be rewritten as a maximization problem. The Pareto frontier is
traced by varying the value promised by the contract to the worker and maximizing the value of
the firm given the worker’s promised value. As in Thomas and Worrall (1988), the history of the
productivity realizations from the start of the match can be summarized by the worker’s promised
value. Given the assumption that z; follows a first order Markov process, it is sufficient to keep
track of the current value of z to determine the expectations. In the presentation that follows the
time subscripts are suppressed: z denotes the current value of productivity and z’ denotes the value
next period.

Let V be the value promised to a worker under the contract. Let V,(z) be the value of an
unemployed worker given aggregate state z and let f(z,V,V,(z)) denote a value of a firm from a
contract on a Pareto frontier given z, V', V,(z), and the evolution of V,(z). Then f(z,V,V,(2))

solves the following dynamic programming optimization problem for all z € Z:

f(z,V,Vu(z)) = oV, ETY +BE.(1-0)f (2, V() Vu(?)) (8)
5. t.
V = p(w) + BE; [(1 - 0)V(2) + V(2] (9)
V()2 V()Y ez (10)
fEV(ED V() >0V 2 € Z. (11)

An efficient contract maximizes the value of a firm, f, given the aggregate state, z, the promised
value for the worker, V, and the worker’s outside option, V;,(z). The first constraint is a promise-
keeping constraint that specifies that a worker gets exactly value V from the contract that pays
wage w and promises values V' (2') for all states 2’ € Z where there is no exogenous separation. The
second and third constraints are self-enforcing constraints for the worker and the firm, respectively.

By omitting self-enforcing constraints, contracts with different degrees of commitment are obtained:
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1) full commitment (by omitting (10) and (11)); 2) lack of commitment from the worker’s side and
full commitment from the firm’s side (by omitting (11)); and 3) two-sided lack of commitment
(when both (10) and (11) are present).

I study equilibria of this economy which consist of a contract o(z), value functions for the firm
from a contract o(z), f,, values promised to the worker at the time of hiring, V} »(2), values of
an unemployed worker, V,,(2), and a market tightness, 6,(z), associated with the contract o(z) for
each z € Z, such that

1. (Optimization) Given a vector V,,, the list of functions f(z, Vi (%), Vu(2)) solves the dynamic
programming problem (8)-(11).

2. (Free entry) Firms enter a labor market and post vacancies with the associated contract o

until the value of posting a vacancy is driven to O:

1(05(2)) f (2, Vho(2), Vu(2)) = c. (12)

3. The value of an unemployed worker evolves according to the following rule:

Vu(2) = @(b) + BE: [1(06 () Vi (2) + (1 — (05 () Va(2)] - (13)

In addition, I impose the following equilibrium refinement:

4. (Pareto efficiency) There does not exist an efficient self-enforcing contract ¢’(z) and an
associated labor market with tightness 0,/(z) such that the net surpluses from search for a worker,
(05 (2)) (Vi o (2) — Viu(z)),and for a firm, —c + q(05(2)) f(2, Va(2), Vu(z)), are at least as much as
under o(z) and 0,(z) and for one party it is strictly more.

This refinement of the set of equilibrium contracts follows Rudanko (2006), who motivates it
from the competitive search formalism of Moen (1997), in which competitive market-makers specify
the set of the efficient self-enforcing contracts that can be posted in the economy. Each contract
is offered in a separate market with an associated labor-market tightness, and in equilibrium each
market must offer the same surplus from search for firms and the same surplus for workers. Because
of competition between market-makers, only markets in which the offered contract is on the Pareto
frontier will be opened in equilibrium. Condition 2 combined with Condition 3 determines equilib-
rium values of the promised value for the worker at the time of hiring, V}, ,(2), and an equilibrium
value of the market tightness in the market with o, 0,(z).

In this economy unemployment evolves according to the following law, given u(z,):

w({2h 2 }) = ulh) + (1 u(=))6 — p(O{, 201 }))ul). (14)

The pool of unemployed in the current period consists of unemployed workers from the previous

period and those who became unemployed because of the exogenous separations in the previous
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period, net of the unemployed workers who find jobs in the current period.
Thomas and Worrall (1988) and Rudanko (2006) prove that the optimization problem described
above is a concave problem, so the first-order conditions are necessary and sufficient. The first-order

conditions for an arbitrary z read:

1
“\, = ~ ) (15)
A= 1+ NV V), Vul?)) + ¢(2) Vo' € Z, (16)

where A, is the Langrange multiplier on the promise-keeping constraint; Sm(z|z)¢(2’), are Lan-
grange multipliers on the self-enforcing constraints for a worker, and fm(z'|2)((2’) are Langrange
multipliers on self-enforcing constraints for a firm V2’ € Z. Complimentary slackness conditions:
A: >0, ((2),¢(2") >0 V2, and (10) and (11). The envelope condition:

vz, V(2),Vu(z) = = A.. (17)

Combining the envelope condition, (17), with the first order conditions, gives the following condition

which links current and next period wage:

1 1

Ty - YO Sn v vy TeE) Ve

The following proposition obtains.

Proposition 2. (Thomas and Worrall 1988, Rudanko 2006). For any history (2!, z141), there
exists @ Wmin(2¢+1) and Wmax(Zi4+1), Wmin(2t+1) < Wmax(2t+1), such that the contract wage at t + 1
18

1) in the contract with full commitment: w(z', zi11) = w(2t);

2) in the contract with lack of commitment from the worker and full commitment from the firm:

w(zt) if Wiin(z41) < w(2h)

)

w(z', ze41) = {

Wmin(2e41)  if w(2Y) < Wmin(2641)

3) in the contract with two-sided lack of commitment:

Wmax (ze41) i w(2") > wmax(ze41)
w(zty Zt+1) = w(zt) if wmin(ZtJrl) < w(zt) < wmax(ZtJrl)

Wmin(241)  if w(2") < Wmin(2141)

The reader is referred to the original papers for proof. Proposition 2 states that whenever possible,
the optimal contract offers a constant wage. However, in the contracts with lack of commitment,

if the value of the outside option exceeds the value under the contract, the wage is adjusted to
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prevent reneging.
Because of free entry and Pareto optimality, V}(z) and 6(z) solve the following maximization

problem given V,,(z):*

{o(ﬁ?@i(z)}{ HOE)VAE) = Vile) | 1

st g(0(2)f(2, Va(2), Va(2)) = ¢

Combining the first order condition for Pareto optimality problem, (18), the free entry condition,
(12), the envelope condition, (17), the first order condition for wages, (15), and the law of motion
for the value of unemployed workers, the following system of equations characterizes the equilibrium

objects f, Vi, (2), Vi (2) and 6(z) Vz € Z, given the optimal contract described in Proposition 2.

Vi(z) — Vu(2)

mf(zv Vh(Z), Vu(z)) = QD/(UJ(Z, Vh(Z), Vu(z))) . (19)
c 1 7é
o) = (f(z, AERAC) K) ' (20)
Va(2) = 0(6) + BE: [1(00 () Van () + (1 — (6 (Z))Val )] (21)

3.2 Continuous Rebargaining

In addition to the contracting environments considered in Section 3.1, I also consider the possibility
that wages are determined by continuous rebargaining. This assumption is the benchmark case in
the literature. When an unemployed worker and a firm with an open vacancy meet, they bargain
over the total surplus from the match. Wages in this case are determined by the Nash bargaining
every period. All other details of the economy remain the same as in Section 3.1.%

An equilibrium in this economy with continuous rebargaining consists of the set of the value
functions for a firm, J¢(2), (1), and J,(2), (2), and a worker, V.(2), (3) and V,(z), (4), and a market
tightness 6(z), such that

1. (Free entry) The value of a vacancy is 0:

q(0(2))J¢(2) = c.

2. (Surplus division) Each period during an employment relationship, the firm and the worker

bargaining over the match surplus. At the time of bargaining the outside option value for a worker is

*Rudanko (2006) proves that given fairly mild conditions there is a unique Pareto-efficient contract offered in
equilibrium.
®As in Section 3.1, I consider equilibria that depend on aggregate productivity only.
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the value of unemployment, while the outside option for a firm is 0 (the value of an inactive firm).
A matched worker-firm pair divides the total surplus from the match by solving the following

maximization problem:

max VeZ—Vuz"le—n
VE(Z)—Vu(z),JF(z)( (2) (2)"J¢(2)

Ve(z) = Vu(2)

o' (w(z)) + ‘]f(z) = S(z) (22)

where 7 is a bargaining power of the worker, ¢'(w) is the marginal utility of income, and S(z) is a
total surplus.

3. The value of an unemployed worker evolves according to the following rule:

Vu(z) = @(b) + BE: [(0(2")) Ve(2') + (1 — u(0(2)))Vu(2)] -

The first order condition for the bargaining problem (22) is

SR
S G20 V2 e Z. 23
Jr(2) 1—n (23)

This condition is familiar from the literature: the share of the surplus that agent obtains from
a productive match corresponds to her bargaining power. As opposed to the implicit contracts
described above, continuous rebargaining does not entail risk sharing and will not be optimal if

workers are risk averse.

4 Empirical Evidence on the Cyclicality of the Wage Cost and
Individual Wages

FEmpirical studies of the cyclicality of individual wages provide both direct and indirect evidence
for the relevance of implicit contracts for individual wage dynamics over the business cycle.

The cyclical behavior of individual wages distinguishing wages of newly hired workers was
first examined by Bils (1985). Using NLS data, 1966-80, he concludes that there are substantial
differences in the cyclicality of wages of workers continuously employed at the same job and those
of workers who are newly employed. The cyclicality of wages is measured as the percent change in
wages due to a one percentage point increase in the unemployment rate. In his study a percentage
point increase in the unemployment rate is associated with a 0.64% decrease in real wages of job
stayers and with a 3.69% decrease in the wages of job changers. The corresponding figure for the
cyclicality of wages of all workers is -1.59. Numerous studies since, using different data sets, also

find that the cyclicality of job changers is substantially higher than that of job stayers (among them
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Solon, Barsky, and Parker (1994) using the PSID and Shin (1994) using the NLS).

The empirical evidence on the cyclicality of individual wages is summarized in Pissarides (2007).
He reports that the general consensus in the literature on the cyclicality of the wages of newly
hired workers is -3.0%, while the cyclicality of the wages of job stayers is approximately -1%.
This evidence suggests that the wages of newly hired workers are adjusted to reflect the economic
conditions at the time of hiring. However, within employment relationships wages are smoothed
and only respond weakly to changes in economic conditions. The substantial cyclicality of the
wages of newly hired workers as compared to the wages of continuously employed workers suggests
the existence of contractual arrangements that smooth wages over the course of employment.

More direct evidence of implicit contracts in wages is presented in Beaudry and DiNardo (1991).
They test whether a contractual wage model is more consistent with the formation of wages than
a spot market model. In addition to the contemporaneous unemployment rate in the regressions
of real wages on unemployment, they also include the unemployment rate at the start of the job
and the minimum unemployment rate since the start of the job. Using PSID data for 1976-84 and
CPS data for 1979 and 1983, they find that the effect of the minimum unemployment rate since the
start of the job dominates the effects of the other two unemployment rates. Grant (2003) replicates
the Beaudry and DiNardo regressions using the NLS up to 1998 and concludes that the minimum
unemployment rate from the start of the job as well as the contemporaneous unemployment rate
are significant for the determination of the real wage.

Motivated by the evidence of implicit contracts, in Kudlyak (2007) I conduct an empirical
investigation of the cyclicality of the wage component of the user cost of labor using the NLSY79
data.

Since the user cost of labor is not directly observed in the data, it is constructed based on the
behavior of individual wages and turnover. First, I estimate an empirical model of the response
of individual wages to the labor market conditions, controlling for individual-specific effects. The
labor market conditions are proxied by the history of unemployment rates. As in Beaudry and
DiNardo (1991), I consider the initial unemployment rate, the minimum unemployment rate from
the start of the job and the current unemployment rate. Next, using the estimated empirical
model for wages, the empirical separation rate, and the forecasting equation for unemployment, I
construct the series of the user cost of labor. In the construction future payments are discounted
to take into account the separation rate and the real interest rate. Finally, the constructed series
of the logarithm of the user costs is projected on the unemployment rate.

I find that the wage component of the user cost of labor so constructed is almost three times
as cyclical as the individual wages. In particular, one percentage point decrease in unemployment
generates approximately 4.5% increase in the price of labor. This cyclicality is also noticeably higher

than the cyclicality of the wages of newly hired workers reported in the literature (see Pissarides
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(2007)). The relatively high cyclicality of the price of labor uncovers a substantial amplification of

the cost incentives for job creation over the business cycle relative to the observed wages.

5 Quantitative Results

The purpose of the quantitative results section is twofold. First, it is to demonstrate that, given
conventional parameter values, in the implicit contracts models the wage component of the user
cost is much more cyclical than the individual wages. Second, when the model is calibrated to
match the empirical cyclicality of the wage component of the user cost, the standard deviation of

the vacancy-unemployment ratio is approximately half of its empirical counterpart.

5.1 Parameterization

For the first part of the quantitative results I adopt the conventional parameter values from the
literature. The idea is to show that, for a broad ranges of parameter values, the contractual models
deliver a cyclicality of the wage component of the user cost of labor higher than the cyclicality of
individual wages. The parameters of the stochastic process for productivity shocks can be calibrated
outside of the model as shown below. Then, the only parameter that requires calibration within a
model is the cost of posting a vacancy, c. It is calibrated to match the mean monthly job finding
rate, E(u(6)) = 0.45.

For the second part of the quantitative results, in addition to calibrating E(u(#)), I calibrate
the model to match the cyclicality of the wage component of the user cost found in Kudlyak (2007).
Hence, an additional free parameter is needed. When the model is calibrated to two targets — the
mean expected job finding rate and the cyclicality of the wage cost (or the standard deviation of
v-u ratio), it is done via the cost of posting a vacancy, ¢, and the consumption of unemployed, b.

The value of the consumption of unemployed has been documented to have an important impact
on the quantitative behavior of such models (Hagedorn and Manovskii 2005, Rudanko 2006). In
a model with risk neutral workers and continuous rebargaining, Hagedorn and Manovskii show
that a high value of b, b > 0.95E(z), combined with low bargaining power of workers, can deliver
the empirical volatility of the vacancy-unemployment ratio. A high value of the consumption of
unemployed increases the value of unemployment relative to the value of employment. With high
b, the worker’s wage is close to productivity and its response to productivity is limited by the low
bargaining power. In the continuous rebargaining model wage equals the wage component of the
user cost. Given the rigid and large wage component of the user cost, the vacancy cost is very
responsive to changes in productivity. However, the general consensus in the literature is that the
consumption of a worker who becomes unemployed drops much more than 5%. Shimer (2005)

uses b = 0.40 in a model with linear utility, which is a replacement rate of unemployment benefits
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(E(z) = 1). Hall (2005), Pissarides (2007) and Mortensen and Nagypal (2006) use a higher value of
0.70, also in a model with risk neutral workers. In this paper workers are risk averse. This implies
that the consumption equivalent of the unemployed is not directly comparable to b in the models
with linear utility. Hence, in this paper I present results for different values of b, except for the
cases when the model has two calibration targets; then b is one of the calibrated parameters.

The model period is one month. The adopted parameters are reported in Table 1. The discount
factor is .9960, that corresponds to the annual discount rate of 4.88%. The monthly separation rate
is set to 0.034 (Shimer 2005). The existing literature reports a matching function parameter « in
the range 0.5 — 0.7 (Petrongolo and Pissarides 2001). In all parameterizations below the bargaining
power of workers is set to equal « to preserve the mathematical equivalence of the competitive
search and random search equilibria (Rudanko 2006).° Later on I perform the sensitivity analysis
with respect to a.

The calibration of the production process is carried outside of the computation of the solution
to the models. To calibrate a stochastic process for productivity, I consider a three-state symmetric

Markov process, z = [z0 — A, 20, 20 + A], A > 0, with the transition matrix, where

A 1—A 0
IL=| 21-X) X 3(1-)
0 1—A A

A2

is 5 and the autocorrelation, p, is A. The expected value,

E(z), is normalized to 1. The parameters A and A are calibrated to match the quarterly standard

2

The variance of this process, o7,

deviation, 0.02, and quarterly autocorrelation, 0.878, of productivity per worker as reported by
BLS. The empirical targets are obtained from Shimer (2005), Table 1, which are the statistics from
the deviations in logarithms at quarterly frequency from an HP trend with smoothing parameter
10°.To find A and )\, I draw the initial shock from a stationary distribution of z and, using the
initial values for A and A, generate monthly series of length 127", where T is the length of the time
series in the data in years (from 1951 to 2003), aggregate by summing to obtain quarterly data,
calculate the standard deviation and the autocorrelation of the logged quarterly series, and iterate
until meeting the calibration targets.

I obtain corresponding statistics for the models by simulating economies with each of the four
different wage setting mechanisms as follows. First, a vector of aggregate shocks, z, is generated,,
which is common to the four model economies. For the panel of 10,000 individuals an initial em-

ployment status is drawn. Then, each period, the separation shock is drawn for each employed

SRudanko (2006) shows the mathematical equivalence of the competitive search and random search equilibria if
1 = « in the environment with risk averse workers. This result has been known as the Hosios condition (Hosios 1990)
in the models with risk neutral wokers.
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individual and his employment status is updated, and for each unemployed agent the job finding
shock is drawn and his unemployment status is updated. Given the employment histories of indi-
viduals, individual wages are generated according to the wage setting mechanism. The first 4,000
periods of the simulated series are discarded; the statistics are based on the series from the last
636 periods. The results that follow are based on the simulations of the four economies with the

different wage setting mechanisms, but hit by the exact same sequence of productivity shocks.”

5.2 The Cyclicality of the Components of the User Cost of Labor and Individual
Wages

In this section I investigate the cyclicality of wages and the components of the user cost of labor
in the search and matching models with the different wage setting mechanisms. The cyclicality of

the series x is measured as a projection of the logarithm of the series on the unemployment rate,
cov(In(z),u)
var(u)

the percentage change in the variable as the unemployment rate increases by one percentage point.

x100, which is the semi-elasticity of the series with respect to unemployment. It indicates

I report the cyclicality of the individual wages of all workers, wages of newly hired workers, and of
the components of the user cost of labor.

Table 2 reports the cyclicality of wages and the user cost of labor for the models where workers
have logarithmic utility. As can be seen from Table 2, the cyclicality of individual wages varies
across wage setting mechanisms with the wages being only mildly procyclical in the implicit contract
models and as cyclical as the wage component of the user cost in continuous rebargaining.

In the continuous rebargaining model wages of all workers are rebargained every period. Conse-
quently, every period wages across all matches are the same. The wage upon hiring reflects the cost
of labor (sans vacancy costs). Hence, the wages of newly hired workers and the wage component
of the user cost are as cyclical as the wages of all workers.

This is not the case in the implicit contract models. As can be seen from Table 2, the wage cost
component in those models is more than twice as cyclical as the wages of newly hired workers. And
the wages of newly hired workers are approximately 3 times as cyclical as the wages of all workers.

The cyclicality of the wages in the model with implicit contracts and full two-sided commitment
obtains due to new hires entering employment relationship, constant separation rate and a positive
autocorrelation in the productivity process. In the model with full commitment on the firm’s side
and lack of commitment on the worker’s side, in addition to the composition effect, the wages in the
existing employment relationships are bid up whenever the worker’s outside option value becomes
more attractive than the value from the contract. In the model with lack of commitment on both

firm’s and worker’s sides the wages can also be bid down whenever the value from the match for a

"Since the model is stationary, I do not HP-filter series simulated from the model.
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firm falls below 0.8

To understand why the cyclicality of the wage component of the user cost in the implicit contract
models is higher than the cyclicality of wages at the time of hiring recall the workings of the wage
setting mechanism. The implicit contracts offer individual wages that are rigid during employment
relationship to insure workers, who cannot save, against fluctuations in consumption. The wages
of new hires adjust to reflect the worker’s outside option value. Consequently, the wages of newly
hired workers are more cyclical than the wages of all workers. For example, when the job finding
rate is low, the hiring wage is relatively low. In addition, the wages in all subsequent periods in
the employment relationship are relatively lower than the wages in the contracts, initiated under
the more favorable economic conditions. If the labor market is expected to tighten, by hiring now
the firm commits to a comparatively lower stream of wages. The wage component of the user cost
takes into account both the lower hiring wage and lower future wage payments. Hence, the wage
component of the user cost is more procyclical than the wages of newly hired workers.

I obtain similar results from the models, where workers’ coefficient of relative risk aversion is 3
(Table 3). As workers’ risk aversion increases, they are willing to accept lower wages in exchange
for less variability in the hiring wage. Hence, the individual wages are less responsive to the changes
in economic conditions. Lower wages bring down the wage component of the user cost and firms
increase job creation. To preserve the expected job finding rate, the cost of opening a vacancy,
¢, goes up. As a result, the increase in risk aversion from 1 to 3 slightly lowers the cyclicality of
individual wages and the wage cost component in the implicit contracts models. However, the main
lesson remains.

In summary, the quantitative results show that in the presence of implicit contracts the wage cost
component is more cyclical than the wages of newly hired workers, which in turn are more cyclical
than the wages of all workers. Individual wage cyclicality varies significantly depending on the
individual wage setting mechanism. Wages are only weakly procyclical in the model with implicit
contracts with full commitment. They are more cyclical in the models with implicit contracts with
lack of commitment. In the continuous rebargaining models the individual wage is as cyclical as
the wage cost component of the user cost.

The quantitative results demonstrate that, when wages are smoothed by implicit contracts, the
dynamics of individual wages are not directly related to the dynamics of the user cost of labor,
which constitutes the cost incentives for job creation. In that case a weak cyclicality of the wages
can conceal a substantial cyclicality of the wage component of the user cost of labor. Furthermore,
focusing on the cyclicality of individual wages gives a misleading assessment of the quantitative

behavior of the model if the wage setting mechanism, which is not a central feature of the model,

8The cyclicality of individual wages in the models with contracts and lack of commitment also depends on the
number of states of the productivity process. However, qualitatively or quantitatively it does not have an impact on
the main results.
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is specified incorrectly.

Given the consumption equivalent of unemployed of 0.70, the implicit contract models generate
a standard deviation of the vacancy-unemployment ratio of approximately 0.0620 and only slightly
higher in continuous rebargaining, while the empirical counterpart is 0.3820 (Shimer 2005). At
the same time, the wage component of the user cost is almost twice as cyclical as its empirical
counterpart. In the next subsection I calibrate the models to match the empirical cyclicality of the

wage component of the user cost.

5.3 Quantitative Behavior of the Search and Matching Model

As reported in Tables 2 — 3, given conventional parameter values, the model generates a wage
component of the user cost that is too cyclical as compared to the data. At the same time the
vacancy-unemployment ratio is not volatile enough. In this section I calibrate the models to match
the cyclicality of the wage cost component of the user cost of labor found in Kudlyak (2007). This
exercise tests the quantitative implications of the search and matching model for the volatility of
the vacancy-unemployment ratio given the empirical cyclicality of the wage component of the user
cost which is relevant for the job creation decisions of the firms.

Shimer (2005) and Hall (2005) are among the first to draw attention to the lack of an am-
plification mechanism in the basic search and matching model. In particular, Shimer shows that
the model generates the elasticity of the vacancy-unemployment ratio with respect to productivity
only slightly in excess of 1. In the data the vacancy-unemployment ratio is 20 times as volatile
as productivity. In the standard search and matching model (Pissarides 1985, Mortensen and Pis-
sarides 1994) with risk neutral agents the surplus at the time of hiring is divided according to Nash
bargaining. Shimer (2005) argues that more rigid wages in present value terms can amplify the
cyclical fluctuations job creation. In Shimer’s paper the rigid wage assumption was derived from
analytical considerations and was not tested in the data.

In Table 4 the cost of opening a vacancy, ¢, and the consumption of unemployed agents, b, are
calibrated to match the expected value of the job finding rate, E(u(6)) = 0.45, and the cyclicality
of the wage component of the user cost, cov(In(UCW),u)/var(u) = —0.045 (Kudlyak 2007). In
order to generate the empirical cyclicality of wages, the value of the consumption of unemployed
must rise to more than 80% of the wage. Regardless of the wage setting mechanism, the model
generates approximately 1/3 — 1/2 of the empirical volatility of the vacancy-unemployment ratio,
0.3820, reported in Shimer (2005)."

The strong procyclicality of the wage component of the user cost dampens the effect of economic

conditions on the job creation decision of firms over the business cycle. As a result, the model

% Alternatively, to match the empirical volatility of the vacancy-unemployment ratio, the model generates the wage
component of the user cost that is more rigid as compared to the empirical counterpart (See Table 6).
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generates too little volatility in job creation. The reasons for the mitigation lie in the nature of the
implicit contracts which tie future wages within an employment relationship to its initial conditions,
and in the mean reversion of unemployment fluctuations. As the elasticity of the matching function
increases, the empirical cyclicality of the wage cost is associated with somewhat higher volatility of
the vacancy-unemployment ratio. However, at a = 0.72, the volatility is still not more than half of
its empirical counterpart (Table 4).

As shown in Table 4, there are substantial differences in individual wage cyclicality across the
wage setting mechanisms. However, there is no significant difference in the volatility of the vacancy-
unemployment ratio across wage setting mechanisms once the cyclicality of the wage component of
the user cost is calibrated. Hence, the wage cost component allows for quantitative analysis of the
model, sidestepping the direct effect of the individual wage setting mechanism.

In the case when both firms and workers are risk neutral and the elasticity of the matching
function, «, equals the worker’s bargaining power, 7, the individual wage setting mechanism does
not have any impact on job creation (Table 5, the linear utility case). If both firms and workers
are risk neutral, then the individual path of wages does not have affect the total surplus from job
creation as long as the present discounted value of wages at the time of hiring remains the same.
The implicit contracts do not have a micro-foundation in this context. However, one can think
about the wage paths in Proposition 2 as the examples of the different individual wage dynamics.
The economies with different wage settings that are hit with the same productivity shock are
observationally equivalent except for the dynamics of individual wages. Hence, the job finding
rate and the components of the user cost are equal state by state across the economies. All four
economies share the same cyclicality of the wage component of the user cost. However, individual
wages, and hence the cyclicality of the individual wages and even the wages of newly hired workers
differ substantially across all four economies.

Subsequent to Shimer, the literature has turned to contrasting the wage dynamics in the model
with the data (Hagedorn and Manovskii 2005, Rudanko 2006, Pissarides 2007, Haefke, Sonntag
and Rens 2007). Although it is acknowledged that the wage is not allocational in the presence
of a long term employment relationship, the literature concentrates mostly on individual wage
dynamics. Pissarides (2007) and Haefke, Sonntag and van Rens (2007) emphasize the importance
of the dynamics of individual wages as opposed to the aggregate wage to the job creation decisions
of firms and examine the dynamics of wages of newly hired workers obtained from the model with
continuous rebargaining. Under continuous rebargaining wages are the same across all job matches
in every period. This implies that the average wage at time t equals the wage of new hires at
time ¢ and equals the wage component of user cost. In the data the average wage is less cyclical
than the wages of newly hired workers. Hence, the comparison of the dynamics of the wages from

the model to the dynamics of the wages of newly hired workers as opposed to the dynamics of
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the average wage already helps to shift away from the wage rigidity. However, under continuous
rebargaining, the dynamics of wages from the model should be contrasted with the dynamics of the
wage component of the user cost in the data. In the data the latter is noticeably more cyclical than
the wages of newly hired workers. This implies more negative news for the quantitative behavior
of the basic search and matching model.

While testing for the individual wage setting mechanism is not the main focus of this paper, the
magnitudes of the cyclicality of individual wages in Table 4 provide some insight for the relevance
of implicit contracts for individual wage dynamics. In particular, as discussed above the empirical
studies report the cyclicality with respect to unemployment in the range —1 to —1.5% for wages of
all workers and —3% for wages of newly hired workers. In Table 4, the model with implicit contracts
and two-sided lack of commitment generates individual wage dynamics with cyclicality comparable
to their empirical counterpart. However, in the continuous rebargaining model the cyclicality of
wages of new hires and all workers are the same. Hence, the data reject continuous rebargaining in

favor of the models with contracts.

5.4 Sensitivity Analysis

For the broad set of the parameter values adopted in the literature I find that the implicit contracts
models generate substantially more cyclicality of the wage component of the user cost than the
cyclicality of the individual wages or even the cyclicality of the wages of newly hired workers. In
this subsection I present model-generated results for different parameter values of the consumption
of the unemployed, b, and the elasticity of the matching function, a.

Table 7 presents results from economies that differ only in the level of consumption of un-
employed agents. As the consumption of the unemployed, b, increases, individual wages and the
wage component of the user cost increase towards productivity. As the wage component consti-
tutes a larger share of the user cost and its coefficient of variation decreases, the volatility of the
vacancy cost component, and, therefore, of the vacancy-unemployment ratio, increases to absorb
fluctuations in productivity. However, even for b = 0.90, the model produces a volatility of the
vacancy-unemployment ratio of only half of its empirical magnitude. In fact, to reach the empirical
volatility of 0.3820, b should increase to 0.94 (Table 6). Notice that at b = 0.90, despite the volatil-
ity of the vacancy-unemployment ratio being only slightly above half of its empirical magnitude,
the wage component of the user cost is more rigid than its empirical cyclicality. Table 8 shows
the case in which workers have log utility, but similar results hold for the case when workers’ risk
aversion coeflicient 3.

As the elasticity of the matching function increases the surplus from the match for the firm
falls. To keep the expected value of the job finding rate constant, the vacancy creation cost falls

as well. However, overall the volatility of the vacancy-unemployment ratio decreases. It reduces
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the volatility of unemployment and increases the cyclicality of wages and the user costs Table 8.

However, the main lesson endures.

6 Conclusion

Empirical evidence suggests that the labor market is characterized by contractual arrangements as
opposed to a spot market (Beaudry and DiNardo 1991, Kudlyak 2007). This implies that the wage
at the time of hiring may not reflect the user cost of labor incurred by firms upon hiring. The user
cost of labor summarizes the hiring wage as well as the current value of the expected future savings
or losses associated with hiring a worker in the current period.

In this paper I have investigated the cyclicality of the components of the user cost of labor
and wages in models with search and matching. I have considered four economies with different
wage setting mechanisms: implicit contracts with full commitment, implicit contracts with lack of
commitment on the worker’s side and full commitment on the firm’s side, implicit contracts with
lack of commitment on both the worker’s and the firm’s sides, and continuous rebargaining. I show
that firms create jobs up to the point where the worker’s marginal product equals the labor’s user
cost.

I show that in the presence of contractual arrangements a weak cyclicality of individual wages
can conceal a substantial cyclicality of the wage component of the user cost. Under the conventional
parameter values the wage component of the user cost is more than 2 times as cyclical as even the
wages of newly hired workers. This implies that the possibility to ‘lock in’ a worker to a stream
of wages at the time of hiring and the mean reversion of the productivity process create expected
future gains or losses from adding a worker today as opposed to next period. Consequently, the
substantially procyclical wage component of the user cost of labor mitigates the effect of productivity
shocks on the firms’ job creation activity.

In particular, when I calibrate the four models to match the empirical cyclicality of the wage
component of the user cost of labor as found in Kudlyak (2007), I find that the models produce
approximately half of the empirical volatility of the vacancy-unemployment ratio, regardless of the
wage setting mechanism. In addition, given the cyclicality of the wage component of the user
cost, individual wage dynamics are irrelevant for the volatility of the vacancy unemployment ratio:
the same process for the wage component of the user cost can be associated with individual wage
dynamics ranging from very weakly procyclical (as in full commitment contracts) to as cyclical as
the wage component of the user cost (as in continuous rebargaining).

In conclusion, the fact that firms do not rush to create vacancies in recessions despite substantial
cost incentives in terms of relatively lower future wages may imply that there is some other element
of costs associated with job creation that is countercyclical and that should be taken into account

to counteract the low wage cost. Alternatively, unemployed workers in a recession may be of a
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lower value to an employer, so that employers do not benefit from hiring them; or the employment
duration of the workers hired in recession is not long enough to reap the benefits from wage lock-in.°

All these topics are potentially productive directions for future research.

0Heterogeneity of the unemployed is recently studied in Bils, Chang and Kim (2007).
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Table 1: PARAMETERS

Parameter Value Comment
Discount rate, £ .9960
Separation rate, ¢ .0340 Shimer (2005)
Matching function elasticity (Ku®v!~?%), a 0.5-0.7 Petrongolo and Pissarides (2001)
Matching function constant (Ku®v!=%), K 0.5 Normalization
Worker’s bargaining power, 7 ! Hosios (1990), Rudanko (2006)

Table 2: CYCLICALITY OF THE USER COST OF LABOR AND ITS COMPONENTS.
Log utility, a = 0.60, b = 0.70

Commitment Models Re-
Full  1-sided 2-sided bargain
lack of lack of

1 Individual wages (all) -1.47 -1.47 -1.73 -9.47
2 Individual wages (new hires only) -4.77 -4.77 -4.99 -9.41
3 Wage component of user cost -11.15  -11.15  -11.07 -9.47
4 Vacancy component of user cost -55.06  -55.06  -54.96 -55.14
5 User cost of labor -11.89  -11.89  -11.82 -10.24
0 statistics
6 on(p), quarterly 0.0622 0.0622 0.0611 0.0704
Calibrated parameters
7 Vacancy creation cost, ¢ 0.2675 0.2675 0.2676  0.2674

Results from simulating the models with risk averse workers (log utility). The vacancy creation
cost, ¢, is calibrated to match E(u(0)) = 0.45. All statistics are calculated from the monthly
series unless mentioned otherwise. The cyclicality of the series is calculated as %{3#) x 100,
which is the semi-elasticity of  with respect to unemployment, u: it indicates the % change
in x for a unit increase in u (measured in percentage points). The corresponding quarterly
statistics for the cyclicality of the wage component of the user cost for the four models are
-11.15, -11.15, -11.08, and -9.4723, respectively. The statistics, corresponding to oy(g), from
the deviations in logarithms of the vacancy-unemployment ratio at quarterly frequency from an
HP trend with smoothing parameter 105 for the four models are 0.0516, 0.0516, 0.0519, and

0.0599, respectively.
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Table 3: CYCLICALITY OF THE USER COST OF LABOR AND ITS COMPONENTS.
CRRA ~ = 3 utility, « = 0.60, b = 0.70

Commitment Models Re-
Full  1-sided 2-sided bargain
lack of lack of

1 Individual wages (all) -144 144 -1.45 -7.18
2 Individual wages (new hires only) -4.67  -4.67 -4.68 -7.15
3  Wage component of user cost -10.92  -10.92  -10.90 -7.18
4 Vacancy component of user cost -54.98  -54.98 -54.96  -55.23
5 User cost of labor -11.95 -11.95 -11.93 -8.29
0 statistics
6 on(p), quarterly 0.0604 0.0604 0.0605 0.0868
Calibrated parameters
7 Vacancy creation cost, ¢ 0.3700 0.3700 0.3701  0.3699

Note - Results from simulating the models with risk averse workers (CRRA coefficient v = 3).
The vacancy creation cost, ¢, is calibrated to match E(u(6)) = 0.45. All statistics are calculated

from the monthly series unless mentioned otherwise. The cyclicality of the series is calculated as

cov((In(z),u)
var(u)

the % change in z for a unit increase in © (measured in percentage points). The corresponding

* 100, which is the semi-elasticity of T with respect to unemployment, u: it indicates

quarterly statistics for the cyclicality of the wage component of the user cost for the four models
are equal with respect to the precision in the tables. The statistics, corresponding to oy (g),
from the deviations in logarithms of the vacancy-unemployment ratio at quarterly frequency
from an HP trend with smoothing parameter 10° for the four models are 0.0514, 0.0514, 0.0514,
and 0.0738, respectively.
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