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LABOR MARKET DYNAMICS WITH SEARCH
FRICTIONS AND FAIR WAGE CONSIDERATIONS

Pei Kuang and Tong Wang

Abstract

Fairness considerations in wage setting can improve ttigyadfithe Diamond-Mortensen-
Pissarides search and matching model to account for U.&. fabrket dynamics. Firms’ pro-
duction is influenced by workers’ effort input, which deperh whether workers consider the
employment relation as fair. A typical worker’s effort istdemined in a comparison of indi-
vidual current wage with wage norms, including the outsidtom, the individual past wage,
and the wage level in the steady state. The fairness coafimes in the search framework
give rise to endogenous real wage rigidity, and realistiatildies of unemployment, vacan-

cies, and labor market tightness.
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| INTRODUCTION

In the last two decades, the Diamond-Mortensen-Pissagdasch and matching model (DMP
model henceforth) has been extensively used to model tioe habrket: However, as pointed out
in Shimer (2005), the DMP model produces much smaller dlas of unemployment and labor
market tightness, but more volatile wages compared withutlse data, known as the Shimer puz-
zle. This paper contributes to the resolution of the Shimezfe by proposing effort and fairness
concerns in wage determination in a search framework. Altcogrto the fair wage hypothesis
la Akerlof (1982) and Akerlof and Yellen (1990), fair-mindedxkers compare individual current
wage with wage norms to evaluate the level of firms’ geney@sitl reciprocate by providing more
effort; firms unilaterally set wage taking into account ofrkers’ effort decision.

This fair wage consideration, which replaces wage detatian by Nash bargaining in the
standard DMP model, is the key element that improves the hpmi@rmance. When deciding
effort input, workers employ the aggregate wage in the eggnandividual past wage, and the
steady state wage rate as reference norms. In responsesiiagitechnology shock, the marginal
product of labor increases. Firms find it beneficial to hireeenworkers and raise wages, in line
with wage hikes in other firms. However, as workers refer t&t paage in effort consideration, an
increase in current wage raises workers’ reference wagtilethe following period. The higher
future reference wage generates a negative impact on fattog and consequently on future
output. The opposite dynamic effects lower the benefit of egmal change in wage, and firms
are therefore reluctant to make large wage adjustmentsnitake, the steady state wage is not
varying with current economic conditions, acting like am¢hor" of reference wage norm. As a

result, firms tend to set wage in line with its level in the lenugp equilibrium. Wage rigidity arises

1See Pissarides (2000) for a textbook treatment.



endogenously as a result of effort considerations.

As labor productivity increases and wage responds only nabelg, firms’ surplus resulting
from hiring responds strongly to the state of technologystioky wage models, the difference
between labor productivity and wage is named "the fundaatsantplus™ in Ljungqgvist and Sargent
(2015) (LS henceforth), which governs the amount of resssitsed to post vacancies. We find
that the procyclical fundamental surplus that is sensttiveechnology in our model gives rise to
a volatile amount of resources devoted to hiring over bissigcles. As a consequence, the fair
wage model produces high volatilities of vacancies, unegrmkent and labor market tightness,
consistent with empirical evidence.

The current study is connected to the literature proposmtgrgial solutions to the Shimer
puzzle. LS show that a small fundamental surplus ratio (@namehtal surplus relative to labor
productivity) is the common channel that generates lardatiliies of vacancy and tightness in
several variants of the DMP modelsOur model also benefits from a small fundamental surplus
ratio, but we find that wage rigidity increases the sensjtiof fundamental surplus to a technology
shock and improves the model performance in generatingileotaghtness and vacancy. Mean-
while, the literature proposing wage rigidity to solve therBer puzzle presents divided results.
On the one hand, Rudanko (2009) and Costain and Jansen (@@d)that wage rigidity is not
synonymous with high volatilities of unemployment and vagas. On the other hand, Kennan
(2010) incorporates private information of productivitydaimproves the empirical performance

of the DMP model to account for the labor market dynamics. @adel falls in the second strand

2Hagedorn and Manovskii (2008), Hall (2005), Wasmer and {@€i04), and Hall and Milgrom (2008).

3There has been a debate on the relevant measure of waggyragidiwhether wage rigidity in the aggregate level
is the right answer to the Shimer puzzle. Pissarides (20Q9)es that the volatile wages of new matches influence the
job creation, and wage rigidity in on-going jobs is not r@letz However, the higher flexibility of new hires’ wages is
challenged by Gertler and Trigari (2009), who show that thg®s of new hires are not more cyclical after controlling
for compositional effects. Hence the empirical evidencéhedegree of wage rigidity of new hires is controversial.



of literature by showing that wage rigidity from fair wagege helps to solve the Shimer puzzle.
The rest of the paper is organized as follows. Section Iewesithe fair wage hypothesis and its
development. Our model is introduced in Section Il andaralied to the U.S. economy in Section
IV. We explore the mechanism of the model in Section V. Sectlbreports impulse responses to
a technology shock and statistics moments of the model.id®e¥tl presents robustness checks

and Section VIII concludes.

Il Literature on fair wage hypothesis

Originally illustrated by Akerlof (1982), the partial géixchange model raises the point that by
offering workers the gift of a wage rate above some refer@acms, the firm anticipates workers’
higher effort in work in return. The "exchange of gifts" iggaed to be voluntary and cannot be
determined in an incomplete labor contra&ffort provided by workers affects labor productivity
and firms’ output. Therefore, firms find it desirable to elitie optimal level of effort through
wage setting. According to the fair wage hypothesis, whaterato a worker is not only the level
of individual current wage, but also whether it is "fair" inmaparison with some reference level.
Fehr, Goette, and Zehnder (2009) provide a survey of abunalaoratory and field evidence that
supports fairness concerns in employment relations.

Danthine and Donaldson (1990) make the first attempt to purate the gift exchange frame-
work in a Real Business Cycle (RBC henceforth) model to emplee wage-employment puzzle.
Their model does not generate rigid wage as past wage isclatied in the reference wage norm.

Collard and de la Croix (2000) modify the effort function iithine and Donaldson (1990), em-

4According to Fehr and Falk (1999), an incomplete labor @atimplies "the obligations of the employer and
employee are not specified in each possible state of the Wgrld09).



phasizing the role of past wage in reference norms. They shatthe intertemporal wage com-

parison in effort considerations improves the ability of @Biodel to account for the labor market

fluctuations. In a New Keynesian setup, Danthine and Kurn{a@@4) generate rigid wages and

improve the ability of internal propagation of shocks whain vage plays a part. These papers, in
the absence of search frictions, do not study cyclical flatobms of vacancy and tightness. In con-
trast, this is a main theme of our paper which incorporatesMage considerations into a search
and matching model.

In a game-theoretical model, Eliaz and Spiegler (2013) eoenkeference-dependence wage
setting motivated by reciprocity considerations with seand matching frictions to model down-
ward wage rigidity. Their study also sheds light on the Shipwezzle, as the volatility of labor
market tightness is higher. However, the model doesn’tigeany quantitative results due to its

qualitative approach.

Il THE MODEL

In an RBC framework, we modify the DMP model by incorporatiagness considerations in
labor relations. To keep the analysis of labor market siraplke transparent, our model abstracts

from capital accumulation and frictions on other marketofaing Gali and van Rens (2014).
3.1 Households

The economy is populated by a large number of household&romly distributed on the unit
interval [0, 1]. Each household is thought of as a very large family, coirtgia continuum of
infinitely lived members represented by the unit intervabm® of the household members are

employed, while others are unemployed and searching fa. jblouseholds are identical in that



employment is assumed to be randomly allocated, and thedinaaf employed members is equal
across households. Each period, household members p@bh&gheir income and enjoy equal
amount of consumption no matter they are employed or not.

The representative househglderives utility from consumption and disutility from praling
effort in work. The household chooses consumption and teflomaximize the expected dis-

counted lifetime utility:

Ey Y {logei(d) — na(j)Gen(i))} (1)

wherec(y) is the level of consumption of househgldn(;) is the fraction of household members
who are employed and ;) is the effort provided by a working member in the household.

The specification of household’s utility differs from theustlard setup in the RBC literature,
which features consumption-leisure trade-off and intepgeral labor supply. Consistent with the
fair wage literaturé,we assume that household members supply labor inelagtiaall the disu-
tility of working is replaced by utility loss from providingffort. The choice of effort and con-
sumption is separable to ensure that effort is independem¢alth. The disutility of effort stems
from the difference between the effort level provided by kev(e; (7)) and an evaluation of firm’s
generosity(g(w;(j), -)):®

G(e(d)) = (e(h) — g(wi(h), )" 2)

while the dot represents wage norms that the worker refersWorkers’ perception of firm’s
generosity(g(w;(7), -)) increases in individual current wage and decreases in wagesn

In line with the partial gift exchange hypothesis, we cawigw;(7), -) as the gift offered by

5Collard and de la Croix (2000), Danthine and Kurmann (20D4)thine and Kurmann (2008), etc.
5This line of argument follows Danthine and Kurmann (2010).



the firm. A higher individual wage than reference wage nommglies a generous gift from the
firm. Utility maximization and separability between consution and effort dictate that,(j) =
g(w(7),-) as the optimal choice. Intuitively, to reward firm’s good lwthe worker chooses to
provide an effort level that is appropriate for the wage odfe a gift back. Though workers dislike
effort, they are willing to provide effort to the extent thtaey feel well treated by the firm. The
satisfaction from returning firm’s favor offsets the disityti of providing effort per se, and the
optimal decision on effort brings no adverse effect on thigytevel (G(e:(j)) = 0).

Similar with Collard and de la Croix (2000), the worker eathks his wage according to the

following equation?

wt(]) + Y log

new; PR ON ©

g(w(4),-) = v + 71 log

where~, is a scale parameter, ang and~, are both positiven, is the employment rate in the
economy, and, is the aggregate wage level,_,(j) is the individual wage in period— 1 andw
is the steady state wage rate.

n;w; can be interpreted as a measure of outside option, or thagezearning a worker gets if
he quits the current job. The comparison with aggregate neftgets the idea that the worker cares
about not only his absolute wage level, but also his relatieeme level. If the worker's wage is
higher than the average level, he is more motivated to wodalree he feels like reciprocating
the generous wage offer with high effort. If his own wage mwéo than the aggregate wage in
the economy, the worker is discouraged to work hard becagiseets being treated unfairly. The

important role of relative income in effort determinatiersupported by Clark et al. (2010) among

’Section 7.3 considers a generalized power effort functimpleyed in de la Croix, et al. (2009) rather than
logarithmic form. Section 7.4 replaces steady state wagegumation (3) by a weighted average of past wages.



others.

Moreover, the worker compares his current wage rate wittntean of individual past wa§e
and the wage level in the steady stat&he comparison with the past wage reflects the role of
wage changes in determining worker’s effort level. Redeaeporting firms’ reluctance of wage
cuts in consideration of workers’ morale includes Fehr aalét FL999) and Bewley (1998) among
others. Elsby (2009) points out that downward wage rigidigo gives rise to a compression of
wage increase, as firms realize that the wage increasevsiisible to some extent. In our model,
a wage raise is considered as a reward and improves the vgarkensic motivation in work. By
contrast, a wage cut is interpreted as a punishment, whitk Wwoarkers’ morale and dampens their
effort input.

Meanwhile, the reference to the steady state wage refleztsdiker's concern of the relative
level of wage to its long-run equilibrium. Holding everytlgi else equal, if the current wage is
higher than the steady state wage level, the worker is mdliagvio work hard. In a similar vein,
characterizing the wage determination in a demand gamé(2@4l5) adopts a constant wage rule,
which lies in the bargaining set but is insensitive to empient conditions. He interprets the
constant wage rate as a social consensus or a focalifoint.

In evaluating the wage offer, the worker makes the compansdwo dimensions. On the

8Though no individual past wage is available for workers wirst jget employed in periot] we assume that a
typical new hire has a hypothetical level of past wage, whighfirm has full knowledge of. For example, a new
worker forms the hypothetical reference level accordingisgpast wage when he was employed, or the past wage rate
of the position he fills. Therefore, we assume no distincietween the reference wage norms for the new hires and
existing workers.

SAnother perspective on this term is to consider a worker vghan adaptive learning agent, using the lagged-
expectation as workers’ reference point (Kdszegi and R&ti6; Eliaz and Spiegler, 2013)) . In peribd- 1, the
worker forms the expectation of perioavage level based on the most recent individual wage {(5)) and the long-
run average wage level). A realized wage leveb; higher than the expected wage is viewed as a pleasant surpris
and motivates the worker to work hard. A wage level fallingrstof his expectation is viewed as a disappointment
and suppresses worker’s effort.

10The key difference of Hall (2005) from our model is that Halage rate has no impact on labor productivity.



one hand, the comparison with current aggregate wage lewetontemporary comparison, and
the reference wage norm varies with current productivityy lEbor market conditions. On the
other hand, the comparison with individual past wage andagewage is dynamic and history-
dependent, and the intertemporal link provides a backwaoking channel of wage determination.
This feature can potentially explain the strong auto-datien of wages in the U.S. data.Since
workers’ perception of fairness depends on how wage comeparés past and average level,
firms tend to smooth the wage path in order to avoid adversetsfion effort, which leads to
strong dependence of wage on its past level and endogen@espeasistence. The intuition of
this formulation is similar with habit formation of consutign (Fuhrer, 2000): the response of
consumption to various shocks is gradual and sluggish wherntility of a consumer does not
only depend on its current consumption level, but also hosompares to his past consumption
history.

The budget constraint of the representative household is

cr(j) < we(f)ne(g) + 1L (5) 4)

wy(j)ne(j) is labor income earned by the employed members [h(¢) denotes profits earned by
the household as the owners of firms.

The representative household chooses consumption amtl tefilmaximize the expected dis-
counted life-time utility (1), while the disutility of effid is defined in (2), subject to the budget

constraint (4). The optimization problem is also subjedti® nonnegativity conditions (j) >

11Using an HP filter with smoothing parametér, Silva and Toledo (2009) calculate the degree of auto-taiios
of wages is 0.907 based on U.S. data between 1951 and 2003.



0,e:(7) > 0. First-order conditions with respect to consumption arfdreére

1/Ct(j) =N\ (5)
ei(j) = 70 + 71 log I:Ligt) + Y2 log % (6)

where)\; is the Lagrange multiplier associated with the budget cairgt Workers provide effort

according to equation (6).

3.2 Search and matching frictions

The labor market is subject to search and matching frictidine total labor force is normalized
to 1. In periodt, a fractionn, of the labor force is employed, and the remaining fractigmns
unemployedu; = 1 — n,. A fraction p of employment relationships are terminated exogenously
in each period. In order to form new employment relationshippms need to post vacanciesg)(
which incurs vacancy-posting costs There is a constant return to scale matching technology,
which pairs unemployed workers with vacancies to generate matchesm, = mvlu; ”. m

is a scale factor, representing the state of matching téegpor € (0,1) is the elasticity of
matches with respect to vacancies. Labor market tightgssdefined as the ratio of vacancies to
unemploymentf, = v;/u,. The matching probability for vacanciesgs= m;/v; = q(6;), which

is a decreasing function of the labor market tightness. &ane less likely to fill their vacancies in

a tighter labor market. The job finding rate for unemployedkecs iss, = m,/u; = 6,q(6;), and

it increases wittd,. Job-seekers are more likely to find jobs in a tighter laborketa



The law of motion of aggregate employment is:

ne = (1 —p)ne—1 +my (7)

Employment in period is employment from last period net of separation, plus newches ()

in the same period.

3.3 Firms

There are a large number of identical firms on the unit intefzd]. The production function of a

representative firmis

yi (i) = Adles(i)nq(4)]' (8)

where A, represents the aggregate technology, @ad is effort provided by firmi’s workers. A,

is assumed to follow a stationary stochastic prodesgA;) = p, log(Ai—1) + &, With p, < 1.

g, is @ Gaussian white noise withi(c;) = 0 and E(¢?) = o2. Labor input ¢(4)) is augmented
by effort (e;(i)) supplied by workers, and therefore workers’ effort affettte production level
directly. Due to the presence of effort, equation (8) d€f'om the standard production function,
which normally ignores the effort margin of labor input.

After the firm and a potential worker meet, the firm makes a-teke-leave-it wage offer. The
labor contract between the firm and workers is incompletkersense that the firm cannot contract
on workers’ effort input. However, the firm understands thatkers supply effort according to
equation (6), and elicits the desired effort level througlge setting. Therefore, the firm makes

the optimal wage decision given workers’ effort function.

10



The representative firmchooses v, (i), n: (i), w (i) } -, to maximize its expected discounted

profit flow, subject to the law of motion of employment and hefusld’s effort decision.
maz Eo 3 B'(Ae/Ao) [y (1) — we(@)ne(i) — Koy (4)]
t=0

st (1) = (1 = p)ru—1(2) + ve(i)q(0:)

(i) = v + 71log ::z(jt) + 72 log ﬁ

The first-order optimality conditions are as follows:

w1 = - BRSNS @

ve(7) : 5/q(0:) = xi (20)

)‘t—l—l

n(i) X = (1= @)yeli)/me(i) = wei) + B(1 = p) By =xan (11)

x: Is the Lagrange multiplier on the law of motion of employmeapresenting the marginal value
of a worker.

Equation (9) gives the optimal wage under fairness conaimers. The left-hand side of the
equation is the marginal benefit of an increase in wage, amdigiht-hand side is the marginal
cost. When the firm raises its wage, the marginal effect artaffvel is(v; + v2)/w;(i), which is
influenced by the size of, + v.. The marginal influence of a change in effort on current outpu
is measured byl — «)[y:(i)/e:(7)]. Thus the increase in wage leads to higher current productio
measured by the left-hand side of equation (9). This is anomné resulting from reciprocity:
workers devote more effort when individual wage is highed autput is higher as a result. On
the negative side, the firm increases its wage bill, capthyeithe first term on the right hand side.

11



In the meantime, the firm also takes into account the advdfset ®f a higher wage on future
production: a higher wage today raises worker’s referenoepensation level in the next period.
Holding everything else constant, a higher wage in petitehds to lower effort in period + 1,
and dampens the level of output in peribd 1, captured by the second term on the right hand
side. Firms understand that a higher current wage makesré difficult to provide incentives for
workers in the future. The intertemporal view of wage settiiscourages the firm from making
large wage changes.

Equation (10) gives the optimal decision for vacancy-pstilt equates the expected cost to
fill one vacancy £/q(9;)) to the marginal value of the workex{). Equation (11) shows that the
marginal value of an additional worker is the marginal prcdhf an additional worker net of wage
payment, plus the discounted future value of the workerafamployment relationship survives in
the next period with probability — p.

Combining equation (10) and (11) to eliminate the Lagrangdipiier, we arrive at the job-

creation condition:

Kk/q(0r) = (1 — a)(ye/ne) — wi + B(L = p) Ey(Aey1/Ae)[5/q(0r11)] (12)

It states that the expected cost to fill one vacanciy(¢;)) equals the benefits of an additional
worker, including the current benefits (marginal produclator net of wage payment) and sav-
ings from avoiding future vacancy-posting. When the levielezhnology increases, it is more
profitable for firms to post vacancies as the marginal gainraidnan additional worker is larger

than wage payment. Labor market becomes tighter and theegdifling rate ¢(¢;)) drops. Firms

continue to post vacancies until the rising expected colt eovacancy exhausts all surplus. The

12



equilibrium in the labor market is restored as a consequemhé equation is the key condition
that governs firm’s job creation decision, which we will exaencarefully in Section V.
The model is closed by imposing the resource constraint ¢; + k;v;. It states that output is

either consumed or used to post vacancies.

IV CALIBRATION

The model is calibrated to match features of U.S. economiyeatjtiarterly frequency. We set the
discount rate5 to 0.99, implying a real interest rate df percent per quarter at the steady state.
We setl — o = 2/3 to match the labor’s share in aggregate output. On the lataokehfront,
the quarterly separation rate(is, corresponding to average monthly job separation rate @fitab
3.4 percent as in thdob Openings and Labor Turnover Survey. We set the matching elasticity
with respect to vacancieg ) to 0.5, which falls in the plausible range proposed by Petrongolo
and Pissarides (2001). Following den Haan, Ramey and W&g)0), the quarterly matching
probability of the firm i9).7 in steady state. The steady state unemployment raté’is matching
the average unemployment rate in the U.S. between 1951 @&l Zhe steady state values of
matches and vacancies are determined endogenously.

Coefficients in the effort function (6) are crucial in detéming the labor market dynamics. By
combining the firm’s optimal wages equation (9) and job-togacondition (12) in steady state,
we get an equation relating the parameters in the effortimmevith the vacancy posting cokt:

B _1-B(1-p)kn

1-S)p=1-————"—— 1
1 =5)7 - (13)

12Details on calibration can be found in appendix A.

13



The value of vacancy-posting cost plays an important roléeiterminingy; and~,. Following
Andolfatto (1996), we set the total vacancy posting cestto 1% of GDP!3 Given this value, the
combination ofy; and~ is calculated according to equation (13). Wegset= 0.42, v, = 1.11.
7o IS a scale factor; its value is chosen to match a steady dfatelevel of 1 with a steady state
employment level 094.4%. Therefore, for coefficients in the effort function, we hare degree
of freedom in parameterizations. We experiment with ddfgrvalues ofy, in section 7.2.

For the technology shock, we set the persistence parameter 0.95 following den Haan,
Ramey and Watson (2000). The standard deviation of the sisatkosen to match the cyclical

volatility of labor productivity in the U.S. between 19512603, andr, = 0.0064 as a result.

V. MECHANISM

Following LS, we analyze the determinants of the elastiaftiabor market tightness with respect
to technology through the lens of fundamental surplus ferfgir wage model. In addition, we
study the endogenous propagation mechanism in the fair magiel. For both purposes, we use

the standard DMP model as a benchmark.

5.1 The role of fundamental surplus

We define labor productivity = (1 — «)y/n, and the difference between labor productivity and
wage as the fundamental surplys,(A) = I(A) — w(A).}* Labor productivity, wage, and the

fundamental surplus are functions of technology. The stesdte version of the job-creation

13gection 7.1 tests the model robustness using the value aheggosting cost employed in Hall and Milgrom
(2008).
The fundamental surplus takes different forms dependinmodel setups. Refer to LS for more details.

14



condition that is present in both the fair wage and DMP maslel i

Qr/q(0) = fs(A), (14)

where(2 = 1— 3(1 — p). Differentiating this equation yields the elasticity aftitness with respect
to technology®

€(0,A) =

e(fs, A) (15)

1—v
e(fs, A) is the elasticity of fundamental surplus with respect thtexdogy.

The elasticity of tightness is a constant multiple of thesttaty of fundamental surplus. First,
1/(1—v) = 2 with v = 0.5 in our calibrationt® which plays a limited role in generating an elastic
labor market tightness. Second, the elasticity of laborketaightness depends crucially on and
is increasing ire(fs, A). If fundamental surplus is sensitive to a technology chattfgeamount
of resources used for vacancy posting is more responsiveetisl@gading to volatile tightness,
vacancies, and unemployment.

Sincefs(A) =1(A) — w(A), we can calculate(fs, A) as:

l

e(fs,A) = e

(1, A) — e(w, A) - %) (16)

e(fs, A)depends on the the fundamental surplus rdtie-(w)/l), and the difference between the
elasticities of labor productivity and wage. We next analyizese two parts respectively in both

the DMP model and our model.

5pDetailed derivation can be found in Appendix B.
18]t is consistent with the value used in the literature,.8.— 0.7; see Petrongolo and Pissarides (2001).

15



5.2 The fundamental surplus ratio

Consistent with LS, the fundamental surplus ratio playsraidant role in determining the cyclical
performance of labor market tightness. Everything elsegequal, a smaller fundamental surplus
ratio boosts the responsiveness of both fundamental suapldilabor market tightness with respect
to a technology shock, according to equation (15) and (1&)afgiven level of labor productivity,
the fundamental surplus ratio is smaller if wage is higher.

In the standard DMP model, the wage, determined in Nash loangao divide the match sur-
plus, is relatively lower than labor productivity. The wagee isw = (1 — 1)z + n(l + k6),*’
wheren denotes workers’ bargaining power and lies betweand1. = is the unemployment ben-
efit and calibrated a$0% of labor productivity in Shimer (2005). As wage is a weightegrage
of labor productivity and unemployment benefit, a relagMarge gap between labor productiv-
ity and wage, or a high fundamental surplus, arises. As glyefxamined in LS, Hagedorn and
Manovskii (2005) significantly improve the performance d#iP model with a higher wage level
and a lower fundamental surplus ratio by revising the catibn of unemployment benefits and
bargaining powet® However, their model implies an implausibly high elasticf unemployment
with respect to nonmarket activity.

In our model, we abandon Nash bargaining and therefore iempogsonstraint on the relation
between wage and unemployment benefits. The job creatiafhitmm equation (14), shows that
the presence of search costs drives a wedge between lalooictikaty and wage and generates the
fundamental surplus. As the search costs vanisk: (0), the fundamental surplus disappears as

our model collapses to a standard fair wage model simildr @illard and de la Croix (20005.

"Derivation of wage from Nash bargaining is in Appendix C.
8They elevate the wage level 97.6% of labor productivity by setting = 95.5% - [ and1 — 1 = 0.052.
1°The equality between labor productivity and wage is theroaticondition of labor demand not only in fair wage
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In the search framework, the fundamental surplus ratiotisrdened by the level of search costs.
When the vacancy-posting cost is lower relative to labodpotivity in our calibration, a smaller

fundamental surplus ratio arises, amplifying the respofisightness?®

5.3 The role of wage rigidity

A higher degree of wage rigidity increases the sensitivitfjundamental surplus to technology
shock and amplifies the response of tightness. When teajweoigoroves, both labor productiv-
ity and wage increase as a result. Only if wage respondsesggnitude, or the fundamental
surplus is more procyclical, the firm can utilize more resesrto create vacancies in good time,
leading to highly procyclical vacancies and tightness. Sttt the case that wage is flexible and
responds to technology by the same magnitude as labor giatiyc(w, A) = €(I, A). By com-
bining equation (15) and equation (16), the elasticity ghthess with respect to productivity is
€(0,A) = ﬁe(l,A). As labor productivity responds one-for-one with respecteichnological
changeg(l, A) equalsl. With our calibration ofv = 0.5, it follows thate(¢, A) = 2. Therefore,
the amplification effects of a small fundamental surpluerate completely eliminated when wage
is flexible. However, there is also an upper bound on the effiewage rigidity on the labor market
tightness; the second term in equation (16) reaches a maxiofig(/, A) when wage is invariant
to changes in technologyw, A) = 0. Therefore, the amplification effects of wage rigidity lfse
limited. For a given level of fundamental surplus ratio and elasticity of labor productivity, the

elasticity of tightness with respect to technology fallgtie rangg, - -], and it increases

model but also in a Walrasian labor market, thus it is not uali the literature.

20The steady state value of fair wage&is 5% of labor productivity, consistent with quarterly job-fimgj rate of0.7
and total vacancy-posting cost) at 1% of output. This leads to the level of fair wage higher thaniNaage under
common calibration in DMP models.

17



in the degree of wage rigidity.

In the standard DMP model, the wage under Nash bargainirgfiexble as labor productivity,
leading to an elasticity of tightness close to the lower efti@ range. On the contrary, in the fair
wage model, the degree of wage rigidity is governed by theomapnce of past wage and steady
state wage in the reference wage normsy, lis larger, more emphasis is placed on past and steady
state wages. The resulting wage responds only weakly toutterd economic conditions, giving
rise to a higher degree of wage rigidity.

The above analysis suggests that the level and rigidity afenare key determinants of the
responsiveness of tightness, which our model successfaligrates with fair wagé. However,
the performance of DMP model is almost unchanged if one asge wage rigidity by lowering
workers’ bargaining powey. This does not suggest that the role of wage rigidity can berigd; it
results from counterbalancing effects of two forces. Oroie hand, wage under Nash bargaining
gets less responsive to changes in labor productivity witwer n, and thereby the fundamental
surplus is more responsive to shock, casting positive &fi@e the variability of tightness. On the
other hand, the steady state wage level is lower as a smallghtis given to the labor productivity.
This increases the fundamental surplus ratio and tendpfrass the elasticity of tightness. These

two effects cancel each other out and leaves the elasticitgldness almost unchanged.

21The success of Hall (2005) in generating volatile labor raatijhtness can also be viewed through the lens of
equation (15) and (16). Hall (2005) stipulates a constargeniaside the bargaining set, which is invariant to the
current labor market conditions(w, A) is zero and the fundamental surplus is very sensitive ton@ogy shock.
Also, the wage level i96% of labor productivity, leaving the fundamental surplus aafirfraction of output. High
elasticity of labor market tightness is reproduced throtingise two channels. Compared with Hall (2005), our model
employs an intermediate strategy — moderately rigid wagesasmaller fundamental surplus — to achieve this target.
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5.4 Endogenous propagation mechanism

This section shows that the fair wage model endogenoushjyoes wage persistence in response
to shocks. For illustration, in this subsection, we consatei.i.d positive technology shock with
zero autocorrelation, i.eg, = 0. Figure 1 plots the impulse response of wage, tightness and
unemployment in both models and the path of i.i.d. technokigpock. The results in our model
(called and labeled as "fair wage model") are contrasteld thi¢ results in a DMP modét. The
wage level in our fair wage model increases in the impactogedue to the increase in labor
productivity. In the second period, though the shock vasslbringing fair wage immediately
back to the steady state level would produce large swingart @ecause of the reference to past
wage in fairness concerns. As a result, the firm prefers tavage gradually, which consequently
generates endogenous propagation of the shock. On thegntwage is determined by Nash
bargaining in each period, it mainly reflect the labor prdatity in each period. Therefore, the
wage path mimics that of the technology shock: the wage hikglasts for one period and wage
returns to the steady state level as soon as the shock daappe addition, the high persistence
of fair wage gives rise to persistent deviation of tightresd unemployment from the steady state

level.

22The wage rule in the DMP model is derived in Appendix C. Unesypient benefit i90% of average labor pro-
ductivity; worker’s bargaining power is 0.6. The caliboatiof other parameters is consistent with baseline caildrat
of the fair wage model.
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Figure 1:
Impulse response to a positive technology shock with zetacaurelation
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VI RESULTS

6.1 Impulse response

Figure 2 shows the impulse response of key labor markethlasao a positive one-standard
deviation technology shock over 30 quarters. In responglegt@ositive technology shock, labor
productivity increases in both models. In the impact peribd increase of fair wage is about half
of the magnitude of the rise in labor productivity. On the ttary, the Nash wage in the DMP
model moves one-to-one with changes of labor productidityour model, the comparison with
the past wage and steady state wage level not only suppriesgeschanges of wage, but also
smoothes the wage path. Fair wage displays a hump-shapezhses wages continue to rise for
two periods before returning to its steady state level. Eighages compared to wage references
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boost workers’ morale and effort level. Effort jumps as wagerease, and is consistently above
the average level. Procyclical effort indicates that firrtikze labor more intensively by means of
wage incentives. Collard and de la Croix (2000) also proguoeyclical effort and they suggest it
is consistent with procyclical measurement error of Solesidual (Hall (1990)) or the assumption
of labor hoarding (Burnside et al. (1993)). Firms find it ptaifie to increase the labor input as a
result of the mild increase in wage in our model. Vacanciessiase byi0%, and unemployment
rate drops by% as a result of the intensive hiring. Labor market tightnessdases by5%, as a
joint result of the significant drop in unemployment and thegs in vacancies. This is consistent
with the empirical observation that tightness is highlygydical and very volatile, confirming
our analysis in Section V. On the contrary, in the DMP modwd,large increase in wage mitigates
firms’ incentives to hire. As a result, the change in vacamzy egnemployment is only marginal.
The response of labor market tightness is suppressed, bolyt @ne-fifth of the change in our

model.

6.2 Statistical moments

This section presents the standard deviation and degredafarelation of several key variables
in our model. We contrast them with data and the counterpditeé DMP model. The first row of
table 1 reports the standard deviation of key labor markeabkes calculated using the U.S. data
from 1951 to 2003 and reproduced from Shimer (2005) and &ihhToledo (2009). In the data,
the standard deviation of unemployment and vacancies aimdéar magnitude (abowx20), while

labor market tightness is twice as volatile as unemployr(teBg2). The second row presents the
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Figure 2:
Impulse response to a positive one-standard deviatiorkgbdechnology
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corresponding statistics in our fair wage model. The moedekgates the volatility of unemploy-
ment (0.175), vacancies((.211) and tightness((383) of similar magnitudes as in the data, with a
reasonable degree of wage rigidity. The third row shows thissics in the DMP model. Wages
are as volatile as labor productivity, and much more vadtilan the data suggests. Moreover,
the DMP model produces volatility of unemployment, vacaacand tightness of only a fraction
of those in the data. Over all, results show that our modelgearerate volatile unemployment,
vacancies, and tightness, with moderately rigid wagesesepied in the data.

Table 2 reports the quarterly autocorrelation of labor retwariables and the correlation be-

tween unemployment and vacancy in the U.S. data and modets. Bodels can match the per-
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sistence of key variables and the negative correlationdstw andv well.

Table 1:
The standard deviation of key labor market variables
u v 7 s(0) w y/n

U.S. data 0.190 0.202 0.382 0.118 0.01@t020
Fair wage model 0.175 0.211 0.383 0.191 0.016020
DMP model 0.027 0.032 0.058 0.030 0.020.020

Table 2:
Autocorrelation of key labor market variables
u v 0 s(0) w y/n  corr(u,v)

U.S. data 0.936 0.940 0.941 0.908 0.907r878  -0.894
Fair wage model 0.961 0.851 0.913 0.913 0.9&7927 -0.968
DMP model 0.975 0.914 0.949 0.949 0.950949 -0.97/8

VIl Robusthess

The section checks the robustness of our model with an aligencalibration of vacancy post-
ing cost, different parameterizations of effort functid), (a generalized effort function, and an

alternative lag structure of reference wages.

7.1 Alternative value for vacancy posting cost

As illustrated in the Mechanism, the calibration of fundama¢ surplus depends crucially on the
level of vacancy-posting cost, Therefore, it is important to check whether our main quanve
results are robust to an alternative calibration of the neggosting cost. We now follow Hall
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and Milgrom (2008) and set the ratio of the expected vacanstimg cost to the steady state wage
to 14%.2® Table 3 reports the standard deviation of labor market bgaunder this alternative
calibration. The volatility of labor market tightness angemployment increases compared with

the baseline results due to a smaller fundamental surpiiasuader this calibration.

Table 3:
Standard deviation: an alternative calibration of the waggosting cost
u v 7 s(0) w y/n
U.S. data 0.190 0.202 0.382 0.118 0.02@t020
Fair wage model (Baseline calibration) 0.175 0.211 0.3839D. 0.015 0.020
Fair wage model (Alternative value fa) 0.184 0.221 0.402 0.201 0.019.020

7.2 Different parameterizations of~,

The degree of wage rigidity depends on the weight of past teailg state wage rates in the effort
function. This part checks the robustness of our model tdtamative value ofy;, which governs
the relative importance of wage norms in effort considersti We vary the value of, in the
interval[0.91, 1.31] around the baseline value bfl 1 with a step of).1.2* A larger~, implies less
attention to the comparison of individual wage with aggtegairrent wage, but more attention to
past wage and the steady state wage. This brings about aesinadl smoother response of wages
and a larger response of quantities of labor. Table 4 confiwmanalysis; the standard deviation of
the quantities (labor market tightness, unemployment aoedrncy) increases while that of wages
decreases ag increases. If we reduce the valueffurther, the performance of our fair wage

model approaches the DMP model. Actually, whegn= 0.17, the standard deviation of key labor

ZAccording to equation (13), we keep the ratioyef - the same as the baseline calibration.
24The linear combination of; and-, is a constant related to model parameters according toiequag). When
~2 becomes largery; is smaller.
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market variables is almost identical in both models. Howewealoes not imply that our model
nests the DMP model. That is because the time-varying effeet business cycles in our fair

wage model cannot be captured by the DMP model.

Table 4:
Standard deviation: alternative values)ef
Yo u v 0 s(0) w y/n

091 0.138 0.167 0.302 0.151 0.016 0.020
1.01 0.156 0.188 0.342 0.171 0.016 0.020
1.11 0.175 0.211 0.383 0.191 0.015 0.020
1.21 0.195 0.234 0.426 0.216 0.015 0.020
1.31 0.216 0.259 0.472 0.236 0.014 0.020

7.3 Power effort function

In the baseline model, we employ a logarithmic effort fumetiwhich is conventional in the lit-
erature. We now check whether our results are robust to a@erezl specification of the effort
function, called "power effort funtion” following de la Grq de Walque and Wouters (2009). The
power functional form allows for different degrees of sutlisability between wage norms in the

effort function. Specifically, we consider the followingat function

er(5) = {nlwi(§)/ (wene)]™ + alwi(5)/ (Vw1 (G)VD)] + 770} /7 (17)

It can be shown that this power function collapses to therittgaic function in the baseline
model whenr approache$. Table 5 reports the statistical moments of the fair wage ehaith
this power effort function and varying values forWe can see that the performance of our model
is insensitive to this alternative specification.
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Table 5:
Standard deviation: power effort function
T u v 0 s(0) w y/n
0.05 0.1752 0.2105 0.3826 0.1913 0.0153 0.020
0.1 0.1752 0.2104 0.3825 0.1913 0.0153 0.020
0.15 0.1752 0.2103 0.3825 0.1912 0.0153 0.020
0.2 0.1751 0.2103 0.3824 0.1912 0.0153 0.020
0.25 0.1751 0.2102 0.3823 0.1912 0.0153 0.020
0.3 0.1751 0.2101 0.3822 0.1911 0.0153 0.020

7.4 Wage lags in the effort function

In the baseline model, we employ past wage and steady stage agreference norms in effort
determination. We now show similar results can be obtairya@placing steady state wage in the
effort function with a long enough lag structure of past wagé&/e denote by (i) wage history

faced by worker at timet. The worker compares his current wage with(i) to choose his effort

level.
, we (2 wy (2
ei(i) = 70 + 7 log 1) + 72 log Z( ) (18)
T Wt wy (Z)
wherew (i) = ITF=kmes =" () ), measures the weight assigned to past wages at different

points in time.

Given effort function (18), optimal wage decision is morengicated as firm now compares
current individual wage with wages back/g,, periods, in addition to the most recent wage. For
illustration, we choosé,,., = 8 andu = 0.15.2° Table 6 reports standard deviation of key labor

market variables in this setup, and the quantities of laoenployment, vacancies, and tightness)

25The ratio ofy; to v, is calibrated to be consistent with the baseline calibratiokeep the relative weights on
aggregate current wage and wage history unchanged. The ebhiher parameters stay unchanged.
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is slightly less volatile than the baseline fair wage model.

Table 6:
Standard deviation: wage history
u v 0 s(0) w y/n

U.S.data 0.190 0.202 0.382 0.118 0.01@020
Baseline 0.175 0.211 0.383 0.191 0.0146020
wage history 0.153 0.196 0.345 0.172 0.01®020

VIl CONCLUSIONS

A labor market search and matching model incorporatingWage considerations can reproduce
moderately rigid wages, volatile unemployment and labarketztightness, comparable with time-
series evidence on U.S. labor market. For future resedralguld be interesting to pursue along
two dimensions. First, it is interesting to study the imations of fair wage for the dynamics of
firms’ marginal cost and the persistence of inflation in stiskage models. Second, Fehr et al.
(2009) propose to account for puzzling empirical eviderfamioimum wage legislation from the
gift-exchange perspective based on experimental evidéralk et al. 2006). In light of these
findings, it is promising to analyze the economic effects ahimum wage laws in a general

equilibrium fair wage model.
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Appendix

A Calibration and steady state values of variables

The steady state level of employment, matches, vacancidsabor market tightness are calibrated
to match steady state unemployment rate< 5.7%), separation ratep(= 0.1) and job-finding
rate ¢ = 0.7), using the following steady state conditions= 1 — u, m = pn, v = m/q, and
0 = v/u. Effort level in the steady state is normalizeditaOutput level is given by = n!~.

The total vacancy-posting cost is set to & of output in the steady statey = 1%y, or
Kk = 1%%. Given the resource constraint, the steady state consomgtc = y — xv. The
steady state of real wage can be calibrated from the jolitereeondition, equation (12)p =
(1-a)f—-(1-p01- p))z. Therefore we have derived the relationship between tragte
state value of real wage and the parameters in the effortitmdvieanwhile, from the first order
condition of real wage, equation (9), we get= (1 — oz)ﬁ%(% + 72 — g’}/g). Combining the last
two equations, we obtain

1-B(—=p) k0
YA (1= )y =1 — en

This equation gives us one constraint on the parametaimbf the effort function. For a given

value fory,, we havey, = 1 — %{;mgg —(1- gm, and~, can be calculated to match the
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steady state levels of effort and employment raie= € + v, Inn

B Derivation of the elasticity equation (15)

In steady-state),,; = \; = \, 0,11 = 6, = 0, the job creation condition (12) becom@s/q(6) =
fs(A), with Q@ = 1 — (1 — p). In order to obtain the elasticity of tightness with respiect
technology, we implicitly differentiate this equation.

o . fs'(A)
dA T Qrd'(0)/42(0)

Therefore the elasticity is calculated as

_doA _ fs'(4) A
(0, 4) = 55 = ~aawEw s
Simplify the above equation using the relation thdt)d/q(¢) = v — 1. We gete(6, A) =
o LS. sinceQ/q(6) = fs(A), the elasticity can be written as:

s'(A)A
iffs(( )) = 15e(fs, A)

€(0,A) =

C The Nash bargaining of wage

In the Nash bargaining, workers and firms split the matchlearpThe value of an employed
workerV;¥ and an unemployed workéi" are:

VN = w4+ BEX i1 /AL = p(1 = se0) IV + p(1 = see) Vi }
VU =24 BEXN ey /Aidsen Vi + (1= si00) Vi

Here we assumeis the unemployment insurance or the value of home producliberefore, the
surplus of an additional worker for the household§ = V¥ — V.V,
Let VI andV© denote the value of a filled job position and a vacancy to the fir

VtO =—K+ BEt)‘t-i-l/)‘tQt-i-lV;Ff—l
V;F =(1—a)y/ne —w + B(1 — P)Et/\t+1/)\t‘/;i1

The surplus of an additional worker for the firmdg§ = V' — V,©. Free entry implie$/,° = 0.

Assume that Worker’s bargaining power)isThe outcome of wage bargaining is determined in
the sharing ruleyS!" = (1 — ) SH. Substituting/;” andV,” into the above equation and solving
for the wage, one gets the Nash bargained wages (1—n)z+n((1—a)y/ni+kE 11/ MOii1),
with & = (1 — p)x. Therefore in the steady state, we have

w=(1-nz+n((1-a)y/n+ k)
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