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Abstract

Although there has been a significant progress in explaining the impacts of labor market institutions on
macroeconomic performance, one aspect of this relationship still remains unexplored: their impacts on
business cycles. We investigate these impacts by considering firing costs, unemployment benefits and
workers’ bargaining power within a DSGE framework. We derive the impulse responses under alternative
parameterizations for these institutions and find that the firing costs do not have an impact on the
responses. We show that higher unemployment benefits makes key macroeconomic variables less responsive
to disturbances where higher bargaining power makes output more responsive and inflation less responsive
to macroeconomic shocks.
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1 Introduction

Although there has been a significant progress in explaining the impacts of labor market insti-
tutions (LMI) on macroeconomic performance, one aspect of this relationship still remains unex-
plored: their impacts on business cycles. These institutions might have an impact on business
cycles due to a number of reasons. First, Calmfors and Driffill (1988) and Rumler and Scharler
(2009) claim that the characteristics of the wage bargaining process influence the responses of
macroeconomic variables to economic shocks. The behaviors of the bargaining agents will influence
the macroeconomic outcomes to the degree that they internalize the macroeconomic consequences
of their actions. Second, these institutions play a very important role in determining the worker
and job flows at the business cycle frequency. Therefore, LMI might influence the responses of the
macroeconomic variables to the disturbances.! Third, Veracierto (2008) discusses that some of
these institutions are introduced by the policymakers to reduce the magnitude of economic down-
turns. Finally, Abbritti and Weber (2008) argue that the economies that are characterized by
high levels of LMI will experience smoother and more prolonged cycle compared to the economies
characterized by low levels of LMI; because high levels of LMI amplifies the adjustment via prices
and restrict the responses of real variables.

The main goal of this study is to investigate the impacts of LMI on business cycles; however,
we have to take into account the fact that there are various institutions employed in different coun-
tries.? In the literature these institutions are collected under three main categories - employment
protection regulations (e.g. firing costs, severance payments, lifetime employment), unemploy-
ment insurance benefits (e.g. duration of benefits, replacement ratio) and collective bargaining
(e.g. coverage of collective bargaining, density, rules of bargaining, coordination between unions).

In this paper, we have representatives of all of these categories. In particular, we look at the

I For some examples see Bentolila and Bertola (1990), Bertola (1990), Garibaldi (1998), Blanchard and Portugal
(2001) and Pries and Rogerson (2005).

2 For a list of these institutions, see Freeman (2008), page 3.



impacts of firing costs measured by severance payments, unemployment benefits and bargaining
power of workers on business cycles.

In the literature there are a few theoretical studies that analyze the impacts of LMI on business
cycles to different extents. Alvarez and Veracierto (2000) build a Lucas-Prescott equilibrium search
model and investigate the role played by the labor market policies in explaining the differences in
employment across economies. Joseph, Pierrard and Sneessens (2003) focus on the impacts of real
wage rigidities as well as employment protection and unemployment benefits within a variation
of an RBC model. Pries and Rogerson (2005) develop a matching model to account for the
differences in the worker turnovers in the US and in the Euro Area. Veracierto (2008) employs an
RBC model to analyze the effects of firing costs on cyclical fluctuations. All of these studies ignore
inflation dynamics and nominal disturbances and some of them does not incorporate labor market
frictions in their analyses. Bowdler and Nunziata (2007), Zanetti (2007) and Campolmi and Faia
(2009) incorporate these features to their frameworks and show that labor market frictions play
an important role in explaining the impacts of LMI on business cycles. Furthermore, Campolmi
and Faia (2009) find that alternative institutions will have a role in explaining the differentials in
inflation volatilities across economies.

This study contributes to this literature by building a dynamic stochastic general equilibrium
search and match model by taking these findings into account. In particular, we build a variation
of Mortensen and Pissarides model.?> We extend the conventional MP model with staggered wage
contracts and nominal price rigidities.

The closest studies to this one in terms of main question of interest and methodology are Zanetti
(2007) and Abbritti and Weber (2008). The framework of this study differs from Zanetti (2007)
in two ways. First, that study considers only nominal price rigidity, however in this study real
wage rigidity is incorporated into the model. In the conventional model the wages are determined

by period-by-period Nash bargaining between firms and workers. This results in a high volatility

3 Due to Pissarides (1990), Mortensen and Pissarides (1994, 1999) and Pissarides (2000).



in real wage. To improve the empirical performance of the model Shimer (2005) and Hall (2005)
include an ad hoc real wage stickiness to the conventional model. They find that sticky wages
assumption improves the empirical performance of the model. Moreover, although beyond the
scope of this study, our model is able to test the arguments of Abbritti and Weber (2008) and
Joseph et al. (2003). The former study claims that real wage rigidities and labor market rigidities
might have opposite effects on business cycle fluctuations. The latter study argue that downward
rigidities, rather than LMI, may play a dominant role in explaining the cyclical properties of an
economy. Secondly, we consider three institutions where Zanetti (2007) considers only firing costs
and unemployment benefits. The difference between this study and Abbritti and Weber (2008) is
that they do not focus on the institutions per se. They look at the impacts of real wage rigidities
and labor market frictions on the business cycles and measure the frictions with the steady state
values of unemployment and job-finding rate. They do not identify the institutions where in this
study we clearly model these institutions.

This study also contributes to the literature, pioneered by Trigari (2006) and Gertler and
Trigari (2009), which aims to replicate the observed dynamics of unemployment and inflation by
incorporating search and match labor market frictions into the standard New Keynesian frame-
work.* This line of research has been criticized by not being able to capture the business cycle
facts due to exogenous separation rate® . This study extends the baseline framework of Gertler
and Trigari (2009) with endogenous separations.

To identify the impacts of LMI on business cycles we derive the impulse responses of key macro-
economic variables to a monetary policy shock under alternative levels of institutions. The results
of this study are as follows. A change in the firing cost does not have a significant impact on the
impulse responses of the variables. An increase in the unemployment benefits makes the output,

employment, unemployment and inflation less responsive to the macroeconomic disturbances. In

4 Some other examples of this literature are, Walsh (2005), Krause and Lubik (2007), Gertler, Sala and Trigari
(2008) and Sala, Soderstrom and Trigari (2008).

5 See Ramey (2008) for a detailed discussion of exogenous versus endogenous separations.



the mean time, an increase in the bargaining power increase the responses of the real side of the
economy where it reduces the response of inflation to a shock.

In the next section we lay out the main framework of the paper. Third section calibrates
the model. In the fourth section, we present the log-linearized version of the key equations of
the model to derive the impulse responses under alternative levels of institutions. Final section

concludes the paper.



2 The Model

The agents in the economy are: households, intermediate goods producers, retailers, a final good
producer and a monetary authority. Households maximize their lifetime utility subject to a budget
constraint. The intermediate firms operate in a perfectly competitive market and face with labor
market frictions. They hire workers through a search and matching process and set their wages
according to Calvo-type price setting framework. Retailers operate in a monopolistically competi-
tive market and set their prices as in Calvo (1983). They transform one unit of intermediate good
to a unit of retial good and sell it to the final good producer. The final good producer collects
all goods produced by retailers, combines them via a Dixit-Stiglitz aggregator and produces the
consumption good. Finally, the monetary authority employs a Taylor-type monetary policy rule

and uses the nominal interest rates as the instrument.

2.1 The household

Households in the economy are distributed on a unit interval and are assumed to form a large
extended family. This family is simply referred as the household.® At any point in time some
members of the family are employed. Rest of the members are unemployed and search for a
job. The household enjoys consumption and maximizes her lifetime utility subject to the budget

constraint. Formally, the problem of the household can be written as:

max  F Z B log (cy)

t=0

B .
s.t. ¢t + kt+1 + 715’” = wWN¢ + b (]. — ’I’Ltfl) + p;"nt,l'f—l—
Ptrt
Bi—1

Py

¢, ky and By are consumption of the final good, saving in terms of capital and per-capita holdings

of a nominal one-period bond, respectively. w; is the aggregate wage rate paid to the working

6 To avoid the distributional problems among individuals it is assumed that the members of the family combine
their incomes and make the decision of consumption. This is a common assumption in the literature.



members of the family and b is the unemployment benefits received by the unemployed members.
T denotes the amount of payment to a worker who is involuntarily separated” in the beginning of
the period and § stands for the depreciation rate of the capital. 7} represents the nominal return
from a one-period bond and P; is the aggregate price level. The household rents the capital she
owns to the firms with a rental rate z;. Then the total income of the household at time ¢ is the
sum of wage income of employed members, w;n;, unemployment benefits received by unemployed
members, b(1 —n;—1), total payments to the workers that are separated involuntarily in the
beginning of the period, pi"n; 1T, total rent income from capital remaining after depreciation,

(2t + 1 =) k, the profits distributed by the firms, II;, total transfers from the government, T,

Bi—1
Py

and real return from bonds that the household bought in the previous period, . Assuming
that A\; shows the marginal utility of consumption at date ¢, the first order conditions of the

problem above can be written as:

P,
Bt : )\t = BEt)\t-‘rl Pitrf (2)
t+1
k‘t+1 : )\t = BEt)\iH»l [Zt+1 +1-— 6] (3)

The real interest rate is defined in percentage terms: 1 +r, = E; Pilrf.

2.2 Matching and production in intermediate market

In the intermediate market a similar framework in Kilinc (2008) is employed. The firms and
workers meet on a matching market where firms post vacancies and search for workers from an
unemployment pool and workers search for jobs. The matching function depends on the vacancies
posted by the firms and the number of unemployed workers. It is increasing in both of its arguments

and represents constant returns to scale.

my = opmulvy 7 (4)

7 The involuntary separations are further discussed below.



my, uy and v; denote the matches within period ¢, the number of unemployed workers and the
number of vacancies posted at time ¢, respectively. o, measures the efficiency of the matching
process and o € (0, 1) is the elasticity of the matching with respect to u;. The aggregate number

1
of vacancies posted at time ¢ and total employment in the economy are given by v; = / vy (1) di
0

1

and n; = / n¢ (i) di. The number of unemployed workers at time ¢ will be the difference between

0
the unity and the number of workers employed in the beginning of the period.
ur=1—mny_y (5)

Let g; denote the probability an open vacancy is going to be matched with a searching worker
and s; denote the probability a worker searching for a job is going to be matched with an open
vacancy; then, it is convenient to define

my —0 my 1—0o
G =—=omb; and s = — = o,0, (6)
Ut Ut

0; measures the labor market tightness and is defined as the ratio of the number of open vacancies
to the number of job-seeking workers, 6; = Z—’t

The intermediate goods producers are distributed on the unit interval. They have access to a
Cobb-Douglas type production function. Intermediate firm ¢ rents capital from households, k; (¢),

and hires workers, n; (7). The total production of the firm, y; (), is given by

v (i) = ke (1) me (i) 7 (7)
In the literature it is common to define the hiring rate, x; (i), as the ratio of new hires to the

existing workforce.

quve (1) (8)

)

The workforce of the firm at time ¢ is the sum of the surviving workers from the previous period
and current hires. We assume that new workers immediately go to work. Therefore, the total

workforce at time ¢ will be

ni (1) = (1= py) ne—1 (0) + geor (0) (9)



The separation can occur due to reasons such as migration, death, retirement,...etc, or due to

exogenous shocks which results in involuntary separations. The rate of former type of separations

n

is assumed to be constant and denoted by p,. The latter separation rate is represented by p}".

Therefore, the total separations rate is given by
pi =P, + )" (10)
We also assume that involuntary separations follow an AR(1) process.
Pt = plt + pPpity +ef  with &) ~ NIID (0,02

Given the evolution of the workforce and the hiring rate, the value of firm ¢ at time ¢ can be

described as:

. w . . . K . . in . .
Fy (i) = pfye (i) —we () me (4) — 5Tt (i) ey (i) — pi" Ty (6) — 2ehee () +
BE:At 111F41 (1) (11)
The firm’s discount factor is denoted by EiAs;r1 = E; )‘3:1, relative price of the good that the

firm produces is given by py’ and the ongoing wage at the firm is represented by w; (i). py’ is
also the marginal cost of the retailer who buys this intermediate good, because the intermediate
goods producers operate in a perfectly competitive market. It is assumed that only the workers
that are separated due to exogenous shocks are eligible to receive severance payments. The firm
also bears labor adjustment cost, which is paid in terms of the final good and is a function of the
firm’s hiring rate, §; (i)°.

The wage rate at each intermediate firm is different because at any period only a fraction of
the firms are allowed to bargain their wages with their existing workforces. If a firm is allowed to
bargain its wage, it will go through the bargaining process over the new wage. If it is not allowed
to bargain, the previous period’s wage will prevail.

At each period the firm maximizes its value with respect to vacancies and capital stock given

its existing employment stock, probability of filling a vacancy, the rental rate and current and



expected path of the real wage. The first order conditions are:

e (i) £ ke (i) = Py fue (0) = w0 () + BB [ (1= pra) wen () + Saesa () = i 7| (12)

)z = o w Yt (Z)
ky (7,) L2t D¢ Iy (Z) (13)

Here, fn: (1) = (1 — @) Zii;)), is the marginal product of labor. The firm chooses the employment
level by choosing the hiring rate. The equation 12 represents the hiring decision of the firm.
Equation 13 gives the capital decision. Due to the assumptions that the capital market is perfectly
competitive and capital is free to move, the output/capital ratios are equal across the firms.
Therefore, we can drop the indices in equation 13 and say z; = ap%“%:.

It is convenient to derive the marginal contribution of a worker to the firm’s value as:

OF, (i)

OFi41 (i)

= Jt (Z) = p;ufnt (Z) — Wt (Z) + BEtAt,tJrl = RX¢ (Z) (14)

This value will be used in the bargaining process. By using the hiring decision, equation 14 can

be revised as:
. w . . R . in .
Ji (1) = py fat (1) — we (3) + BEAs 111 Phaas! (i)* - pt+1T] + BEA i1 (1= pyyy) Jega (1) (15)

Before defining the bargaining process, we will discuss the value of each state to the workers.
To derive the value of being unemployed, U, first the average value of all vacancies posted in that
period, V; ., should be derived. Since the unemployed worker does not know which firm she is

going to be matched with, she considers V, ; during her job search. This value is given by

Y A AOLIS N O F S S RO
vz,t_/o Vi (i) di = /Om) w1 (i) d (16)

TNt —1 Vt—1

In the current period the unemployed worker receives unemployment benefits, b. In the next period
the unemployed worker will find a successful match with probability s;+1 and with probability

1 — s¢41 the worker will be unemployed again.

Uy =b+ BE A 141 [St+1 V41 + (1 — s441) Upga] (17)



The unemployment benefits are calculated as a fraction, b, of the worker’s marginal contribution
to the production and firm’s savings from labor adjustment cost.

The value of being employed at firm 4 at time ¢, V; (), is the sum of the wage that the worker
is receiving from the firm at the current period and expected discounted return in the next period.
At time t 4+ 1 the worker will either work for the same firm or be separated from the firm. The
worker will be eligible for unemployment benefits once she is separated. Moreover, if the worker

is involuntarily separated from the firm, the worker will receive a severance payment. Therefore,
Vi (i) = wy (4) + BE A1 [(1 = pp) Virr () + 9ty (T + Upr) + ppUss] (18)

In the wage setting process a Calvo-type price-setting framework is employed. It is assumed
that the probability that a firm is allowed to renegotiate its wage at each period follows a Poisson

process. At any point in time an intermediate firm will change its wage with probability 1 — ¢,,.

Therefore, the average duration of the wage at a firm is 1—1so . The probability that a firm can
re-negotiate its wage is independent from its negotiation history.

In the bargaining process, the total surplus generated from the contract is distributed according

to the bargaining powers of each party. This process is summarized by:
max  Hy (r)"J, (r)' 7" (19)

H, (r) stands for the surplus of an average negotiating worker once she accepts a job and J; (r)
denotes the value of adding another worker to the firm. Since only a fraction of the firms are
allowed to bargain at time ¢, the firms that are bargaining and that are not bargaining have to
be distinguished. This distinction is made by indexing the bargaining ones with r. The surplus
of the worker from accepting a job with firm ¢, H; (7), and the average surplus of a worker hired

at time ¢, H, ; are defined as:
Hy (i) = Vi(i) - U (20)
Hx,t = Vw,t - Ut (21)

10



Plugging the values of being employed and unemployed to the worker and rearranging the terms

result in:

Hy (i) = wy (i) —=b— BE A 11 [see1Ha i1 — o1 Y] 4+ BEA i1 (1= pyyy) Hipr (1) (22)

The uncertainty about the time of the next negotiation period results in horizon effect, which is
discussed by Gertler and Trigari (2009) in details. Since both the firm and the worker do not know
when they will have a chance to renegotiate, they consider the future path of the wage during the
bargaining. However, the worker considers only his tenure at the firm where the firm has to think
about its future workforce as well as its existing workforce. In other words, the firm has a longer
horizon than the worker. This effect is observed in the difference between the firm’s cumulative

discount factor, ¥; (r), and the worker’s cumulative discount factor, A;, which are given by

oo

Sel) = B (Beu) Beers () (23
s=0

Ay = EtZ(ﬁ@w)sAuHs (1= peys) (24)
s=0

The discount factors are similar except the fact that the firm’s discount factor depends on the

employment of the firm at time ¢+ s relative to time ¢, where the worker’s discount factor depends

on the expected survival rate. On the average n:;s (r) > (1 = py4s) , which implies that the firm
places relatively more weight on the future than does the worker.
Given these discount factors, the expected wage revenue of a bargaining worker and expected

wage payment of a firm to its workers can be written as:®

W (r) = Aww; +B(1—¢,) Bl (1= pr) Arpiwyyy
+6% (1 - ¢,) By 10 (1 - Pt+1) (1 - Pt+2) Appowiyy + ... (25)
= s Nt+s *
wir) = Si()w+1-e,)E > B At Tt;tr (1) Biges (1) wiy (26)
s=1

As the appendix proves, the first order condition of the bargaining problem is:

NAe (r) = (1 =n) 5y (r) Hy (r) = X, (1) Ji (1) = (1= x, (1)) He () (27)

8 The appendix provides the details.
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X; (1) denotes the relative weight in the sharing rule and is derived as x, (r) = W
n+(1-n) =K~
Due to constant returns assumption, each negotiating firm settles on the same wage rate, w;.
In other words, the firm bargains with the marginal worker instead of bargaining with its whole

existing workforce. Letting wg (r) stand for the target wage, the following equation defines the

optimum bargained wage.

n
e (r)wy = wy (1) + By, Bt t41 ;H () Big1 (r) wiyq (28)
t
where
H .
wf () = e (1) [P o (1) = BEAvein (G0 () + o T )|

, T
+[1—x; ()] {b + BEiA¢ 111 (5t+1Ht,t+1 —pi T+ M/mtﬂ (r)2>}(29)
1= X1 (1)

According to the equation above, the target wage is a convex combination of the contribution of
a worker to the match and his foregone benefits from being unemployed.” The average wage in

the economy can be driven by taking the average wage of all employed workers.

wy = /0 w (i) 2D g (30)

Tt

Using the law of large numbers and with the fact that only a fraction of the firms can change their

wages, the equation above can be rewritten as:

1
wn = (1= 0w + oy, [ o () " ai @1
0

T
2.3 Retailers, final good market and monetary authority
The retailers are distributed on the unit interval. The only function of the retailers is to buy

intermediate goods, differentiate them with a technology that transforms one unit of intermediate

good at no cost, and re-sell it to the final good producer. Each retailer has a monopolistic power

9 The target wage in Gertler and Trigari (2009) represents the wage that would arise under period-by-period
Nash bargaining, modified to allow for the horizon effect. In our case the target wage is also adjusted for endogenous
separations. We represent the bargained wage in this form to make it comparable with that of Gertler and Trigari
(2009).

12



on the good it produces and at any point in time only a fraction of the firms are allowed to reset
their prices. Since the intermediate goods market is perfectly competitive, marginal cost of buying
an intermediate good is its relative price. The final good producer uses a Dixit-Stiglitz aggregator
and produces the final good that is directly sold to the consumers. The monetary authority uses
the short-term nominal interest rates as the policy instrument and employs a Taylor-type rule.

The total output produced in the economy can be written as:

- 1 1y =T )
Y = Y (32)
0

where the aggregate output, ¥, is described in terms of each retailer’s output, y;;, and the firm’s

own price elasticity of substitution across differentiated retail goods, €. The monopolistic power
of the retailers and Calvo-type price setting results in a nominal price rigidity in the economy.

The aggregate price level then is the aggregate of the nominal sale price of each retailer’s product.

1 ™
b = {/ letsdj:| (33)
0

Solving for the demand for each retail good results in

Formally,

P, "¢
Yjt = [é} Y (34)

At any point in time each retailer can reset its price with a probability 1 — ¢,,. This probability
is independent from the firm’s price setting history. The aggregate price index in the economy is

defined as:

1

Po=[(1=w,) (P =+, (P) | (35)

where P/ is the optimal price for the firms that are able to reset their prices. The firm sets its
price for the expected number of periods that it will not be able to reset its price. Formally, P/

is the solution to the following problem:

o P* —€
S it w
max EtZ(ﬂQOp) [];t _pt+s:| Yjt+s (36)
s=0
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subject to the demand for that good. The optimal price level for the firm that is able to change

its price is:
s U
& Z?io (BSOP) Pte-&-spéji-syt'f‘s
qjt — — 1Et %) S He—1
€ PR (ﬁ@p) Pyis Yits

Finally, the model is completed with the monetary policy rule and market clearing condition.

(37)

rp = B A=) (77 )P By (my )P (7)o em) ot (38)

According to the equation 38, the degree of interest rate smoothing is captured by the parameter
Pm- The monetary authority responds to the output gap, denoted by y;, and the expected
inflation. The corresponding response coefficients of the output gap and expected inflation are
represented by v, and ~,, respectively. The monetary policy shock is represented by &;", which
is an 7.7.d. process.

The market clearing condition for the final good is given by
K
Yt = C¢ + kt+1 — (1 — 5) kt + 53)?7’% (39)

The equation 39 states that the consumption of the household, ¢;, investment on capital, kiy1 —
(1 — &)k, and aggregate labor adjustment costs of the intermediate firms, £x?n;, sum up to the

' 2

amount of final good produced in the economy.

14



3 Calibration

To analyze the impacts of LMI, first the model is calibrated and then the steady state of the
model with zero inflation is derived. The parameters are calibrated for the US economy. Table
1 collects the values that are assigned to the parameters of the model and implied steady state
values of some key variables. The length of a period is assumed to be a quarter.

We start with setting the discount factor, 8, to 0.99. This results in an approximately 4 percent
annual real rate of interest. ¢ is set to 0.025; therefore, annual depreciation rate of the capital is
around 10 percent. These values are consistent with Christiano, Eichenbaum and Evans (2005),
Gertler, Sala and Trigari (2008) and Sala, Soderstrom and Trigari (2008). In the literature, the
steady state capital’s share of income, «, is found to be between 0.3 and 0.36. The midpoint of
these values is chosen and it is set to 0.33. The parameter that measures the elasticity of matches
to unemployment, o, is calibrated as 0.5. This value is within the range of the lowest and highest
values assigned to this parameter in the literature, 0.4 and 0.72.'°

The separation rate at the steady state has two components; p, and p. According to Hall
(1995) and Davis et al. (1996) the average separation rate is between 0.08 and 0.1. Moreover,
Gertler and Trigari (2009) argues that the average duration of a job in the US is two and a half
years. To match this fact, they set monthly separation rate to 0.035. In this study we set the
total separation rate to ten percent per quarter. To do that we set p, = 0.09 and p™ = 0.01. To
get the involuntary separations we set the other parameters determining that value accordingly.

To be able to calibrate «, first we need to determine the steady state value of job finding rate,
s. In the literature the values vary between 0.6 and 0.95. The studies that use a similar model to
the one employed here set s = 0.95. Therefore, we use the same value.

In order to match the average duration of a vacancy, the efficiency parameter in the matching

function, o,, is calibrated as 0.925. With this calibration the probability a vacancy will be filled at

10 See Blanchard and Diamond (1989) and Shimer (2005) for the lowest and highest values, respectively.
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the steady state, ¢, is 0.9. The duration of an average vacancy is reported to be under one month
by Blanchard and Diamond (1989), which requires ¢ to be 1. However, the distinction between
the removal time of the advertisement and actual date that the vacancy is filled is pointed out
by van Ours and Ridder (1992). In that study it is reported that in the first two weeks after the
vacancy is posted, seventy five percent of the vacancies are filled. However, it takes around forty
five days to choose the best applicant from the pool.

The probability that an intermediate firm is allowed to reset its wage at any point in time is
assumed to be 1 — ¢, =1 —0.718. In other words, a firm will be able to renegotiate its wage on
average once in every three quarters.

The probability that a retailer is not allowed to change its price is set as ¢, = 0.6. This
value implies that an average firm will keep its price unchanged for around 2.5 quarters. This

is consistent with the literature and close to the empirical findings.'!

Gertler, Sala and Trigari
(2008) and Sala, Soderstrom and Trigari (2008) assume that markup rate on marginal cost is
around 11 percent. This requires setting e = 10. While calibrating the parameters of the nominal
interest rate rule Clarida, Gali and Gertler (2000) are followed and it is assumed that p,, = 0.9,
V. =1.5and v, =0.5.

Finally, we calibrate the parameters that represent LMI. To save space we discuss only the
benchmark calibration of these parameters. In the impulse response analysis we consider alterna-
tive values and examine their impacts on responses of variables. In the benchmark case we set
fr=03,b=0.5and n = 0.5. The first parameter represents the fraction of the average wage
paid to the separated worker as severance payment, T = fr « w. In the benchmark case, the
separated worker will receive 30 percent of the average wage in the economy. The total unem-

ployment benefits paid to a worker is b = b (p“’ fnt 0 g:nQ), which is a fraction of the sum of her

possible contribution to the production and firm’s saving from labor adjustment cost. Given this

11 See Gali and Gertler (1999), Bils and Klenow (2002), Sbordone (2002) and Christiano, Eichenbaum and Evans
(2005)
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calibration the unemployment benefits will be 50 percent of this sum. Finally, setting n = 0.5
results in an equal bargaining power to each bargaining agents.

Given this calibration, the steady state employment rate is 90 percent and unemployment rate
is 10 percent. The unemployment rate is much higher than the average unemployment rate of
the US in the last decades. However, in this model the workers do not have an option of leaving
the labor force and in the literature there is evidence that shows that the flow from unemployed
to employment and out-of-labor-force to employment are almost the same. Therefore, setting

unemployment to 10 percent is acceptable in this framework.
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4 Log-Linearization and Impulse Responses

To identify the impacts of the LMI on the impulse responses of variables to a monetary policy
shock, the key equations of the model are log-linearized around the steady state.!? A variable
with a hat denotes percentage deviation from its steady state value and a variable without a hat
and without a time subscript denotes the steady state value of the regarding variable. We will

start log-linearization with the aggregate wage index.
Wy = (1 = ¢y,) W + @y We—1 (40)

The variations in the aggregate wage will be weighted sum of the variations in the previous period’s
aggregate wage and in the bargained wage. The weights are determined by the frequency of the
wage bargaining in the intermediate market. The variations in the bargained wage will be given
by

S+ Wy = X707 (r) + pBewEr [Big1 — Dy + BowEr [Kt,t—i-l + 8+ @:+1:| (41)

The percentage deviation of the target wage from its steady state is

@y (r) = xp"faw! [ﬁt‘“ +fm} + [(8 + g) Bxrx — ﬂme} w EAyp41
+Bsxrzw ' By [§t+1 + ﬁx,t+1} + {own -b- 5g$2 — (s+p) BH| xw'x, (1)

s w ™ EXyp (1) + Bxsa*w ™ B (r) — B Yw ™ By, (42)

1-x)
According to the equation 42, the variations in the target wage will be affected by the variations
in the marginal worker’s contribution to the firm value and the worker’s foregone benefit from
unemployment. These impacts are captured by the first three terms. Except the differences in
the coefficients in front of these terms, these are the factors that affect the variations in the target
wage in the case of conventional period-by-period bargaining framework. Once the sticky wages
assumption is introduced, the horizon effect takes place. As discussed in Gertler and Trigari

(2009) there are two dimensions of the horizon effect. First, in the baseline calibration, although

12 The full log-linearized model is presented in the appendix.
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n = 0.5, the effective bargaining power, x, is 0.45. In other words, the pure bargaining power
will be lessened. Second, the variations in y, (r) will lead to variations in the target wage. This
effect is captured by the fourth term in the equation 42. The rest of the terms are the results of
endogenous separation and severance payment assumptions.

The variations in the separation rate have two effects on the target wage. First effect is captured
by the last term in the equation 42. The second effect operates through the discount factor of the
bargaining firm which in turn affects the expected variations in the effective bargaining power of

the worker, X, (7).
S0 (r) = B0uB [Ruisr +p (@rsr (1) = Prgr) + S ()] (43)

Eifpar () = = (1= X) By (S (1) = B ) (44)
Although we do not investigate the impacts of spillover impacts, we revise the equation 42 as

in Gertler and Trigari (2009). As derived in the appendix, the variations in the target wage is

. -~ ~ N P + Ps = 7
wy (r) = 5, {ﬁt‘) + fm} + o Xt T eaBiAr i1 + HEtXtH + [, + 5] BT
=+ QDSEt/S\iH»l — Bpi"Tw_lEtﬁﬁl + T1 (’lﬁt — @:) + ’TQEt (’l/l)\t+1 — ’l/l}\;k+1> (45)

where 79 measures the direct spillover effect and 7; measures the indirect spillover effect. The
market wage has a direct spillover effect on the bargained wage because the worker’s outside
option depends on the wage that she can expect to earn elsewhere. If the expected wage exceeds
the expected bargained wage, the outside option of the worker is good and the worker will move
to employment in the next period. This induces a spillover effect on the bargained wage. The
indirect spillover effect stems from the difference between the hiring rate of the bargaining firm
and the average hiring rate. The appendix proves that there is a positive relationship between

this difference and the gap between average market wage and contract wage. Formally,

Tip1 (1) = Tg1 + wXep,, (W — W) (46)

To save space rest of the log-linearized versions of the equations are presented in the appendix.
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To analyze the impacts of LMI on the business cycles, we derive the impulse responses of
key macroeconomic variables to a monetary policy shock under alternative levels of institutions.
However, we do not report the results for the firing costs because a change in the firing cost does
not have an impact on the responses of macroeconomic variables. The firing cost appears in the
equations for the hiring rate and the bargained wage. However, since the expected variation in
the involuntary separation is zero, the firing cost does not have an impact on the target wage.
Moreover, its impact on the hiring rate decreases to insignificant levels due to the same reason.

The literature does not provide a conclusive answer for the impacts of firing costs on the
business cycles. Although Rumler and Scharler (2009), Zanetti (2007) and Veracierto (2008)
report a negative relationship, Fonseca et al. (2007) and Joseph et al. (2009) find almost no
relationship. When we compare our results with those of Zanetti (2007), we see that the real
wage rigidities play an important role. The period-by period bargaining makes the real wage very
sensitive to the severance payments. However, if only a fraction of the firms are allowed to bargain
at each period, the impacts of a change in the severance payments on the responses decrease to
insignificant levels.

Figure 1 plots impulse responses of the nominal interest rate, inflation, output, consumption,
employment, unemployment, hiring rate and the real wage to a one standard deviation monetary
policy shock under alternative levels of unemployment benefits. According to the figure, the most
significant impact of a change in unemployment benefits is on the responses of real wage and
inflation. A change in the benefits has a negative impact on the target wage, therefore on the
aggregate wage. This impact is carried onto inflation through marginal cost. This leads to the
conclusion that as the unemployment benefits increase, the response of inflation decreases. These
results are supported by the findings of Campolmi and Faia (2007) and Zanetti (2007), where
they find a negative impact of unemployment benefits on inflation volatility. The responses of
output, employment and unemployment decreases with an increase in the unemployment benefits

but thess changes are not very significant.
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Figure 2 shows the responses of key variables to the monetary policy shock under alternative
values for worker’s bargaining power. The figure reveals the fact that the impacts of a change
in the worker’s bargaining power has opposite effects on the responses of the real side of the
economy with the impacts of a change in the unemployment benefits. Compared to the influence
of a change in unemployment benefits, the bargaining power has more impact on responses of
output, employment and unemployment. The figure proves that the higher the bargaining power
the more sensitive the output, consumption and employment to the monetary policy shock. In
the literature, the impacts of bargaining power on the business cycles are ambiguous. Rumler
and Scharler (2009) find a limited impact where Campolmi and Faia (2007) report a positive
impact. However, Fonseca et al. (2007) claim that the response of employment is larger for
lower bargaining power. The main reason for this ambiguity might be the different aspects of
collective bargaining. As discussed in Rumler and Scharler (2009) these different aspects might
have different impacts. Although they find that strong unionization has a significantly positive
impact on output volatility, the decisions given by the union and coordination between the unions
might reduce the impacts of disturbances on the economy. When we look at the change in the
reponse of inflation to the monetary policy shock, we see that an increase in the bargaining power

of the workers has a negative impact.
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5 Conclusion

In this study we investigate the impacts of alternative labor market institutions on the business
cycles. We consider three institutions which represent the main categorization of a variety of labor
market rules and regulations. We use firing cost to represent employment protection institutions,
unemployment benefits for unemployment insurance institutions and worker’s bargaining power
for collective bargaining institutions.

To be able to identify the impacts of these institutions on the business cycles we employ a
dynamic stochastic general equilibrium search and match model. We derive the impulse responses
of key macroeconomic variables to a monetary policy shock under alternative parameterization
of labor market institutions. We find that a change in the firing cost does not have a significant
impact on the impulse responses of the variables. As we increase the unemployment benefits all
of the variables, including output and inflation, become less responsive to the monetary policy
shock. In the mean time, an increase in the worker’s bargaining power reduces the response of
inflation to the same shock and makes the real side of the economy more responsive to the shocks.

This study can be extended in several directions. First, this study analyzes the impacts of
LMI qualitatively. Quantitative analysis is required to measure the exact impacts of institutions
on the responses of macroeconomic variables. Second, this study proves that the main impacts of
changes in the institutions are on the inflation. This finding can be taken to the next step and

the optimal monetary policy can be driven under alternative institution levels.
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6 Tables

and Figures

Table 1: Benchmark Calibration

Parameter | Description Value
153 discount factor 0.99
) capital depreciation rate 0.025
« share of capital income 0.33
p job separation rate 0.1
o elasticity of matches to unemployment 0.5
S job finding rate at steady-state 0.95
n bargaining power 0.5

O infrequency of wage renegotiation 0.718
b unemployment insurance 0.5
©p infrequency of price setting 0.6
€ elasticity of substitution 10
P interest rate smoothing 0.9
Y response coefficient of expected inflation 1.5
Yy response coefficient of output gap 0.5
U unemployment rate at the steady state 0.10
n employment rate at the steady state 0.90
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Figure 1

response of nominal interest rate response of inflation
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Figure shows the impulse responses of key macroeconomic variables to a monetary policy shock
under alternative levels of unemployment benefits levels. Black line with stars on it is for b = 0.1,

red line with plus signs on it is for b = 0.5, blue line with zeros on is for b = 0.72.
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Figure 2

response of nominal interest rate
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Figure shows the impulse responses of key macroeconomic variables to a monetary policy shock

under alternative levels of worker’s bargaining power. Black line with stars on it is for n = 0.2,

red line with plus signs on it is for = 0.5, blue line with zeros on is for n = 0.8.
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7 Appendix

7.1 Expected wage revenue of a negotiating worker, W;" (r)

The expected lifetime wage revenues, which depends on whether the relationship will survive or
not, of a worker negotiating at time t can be written as

W (r) = wi (r) + BEA 141 (1= pr) wirn () + B Eifi iy (1= pryr) (1= prps) wiga (7)

+B° Bl pvs (1= pryr) (L= pras) (L= prys) wigs (r) + ...

By using the fact that w; = (1 — ¢,,) W} + @, ws—1 we can say that w: (r) = wy. Then, in the
forthcoming periods

Bywiyr (1) = (1= p,,) Bywiyg + @,,wf

=

Bywers (1) = (1= ¢y) Brwiys + uwip = opwi + ¢y, (1= 9y) Bewfpy + (1= 9,) By,

=

Eywiys (1) = (1 = ¢y,) Brwiys + @,w0i

=

Bywers (1) = @hwi + 95, (1= 9,) Brwipy + ¢4 (1= 9,) Bawfs + (1 - ¢,) Baw

and so on. Therefore,

W (r) = wf 4+ BE A iy1 (1= prys) [owwi + (1 —@,) wii ]

+B%EAs s 42 (1= pi1) (1= pryo) [opwi + @ (L= @) win, + (1= @,) wiy o]

+B° Bl s (1= prir) (L= prya) (1= prys) (0507402 (1= @) Wi+, (1= ¢,) wia+ (1 — ¢,) wiy ]+

-
W (r) = [L+ Bpu Eiler1 (1= pri1) + (B0)* Eihe o (1= pri1) (1= pryn)
+(B9u) Eilrirs (1= pipa) (1= piga) (1= prys) + - Jwy

HB (1 = ¢y) Bh s (1= pryr) + 5200 (1= 04) Elbhiira (1= pyy) (1= prio)

+53<P?u (1 - @w) EiMiit3 (1 - Pt+1) (1 - Pt+2) (1 - Pt+3) + -~-]w2k+1
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+[B% (1 — @) BrAr iz (1= ppr) (1= prys) + B°00 (1 — 0) BeApgys (1 — poyy)
(1= prya) (1= prya) + - Jwips +

Assuming that

Ar =14 Be,Eili i1 (1= piir) + (Bew)?Eili e (1= piyr) (1= pryo)
+(Bpu) Bl gz (1 — prir) (1= pyys) (1= prys) + -

=

Av =1+ BowEbiir (1 - pras) Aes

Therefore,

W (r) = Agwi + B(1 = ¢,) Ethrasr (1= pry1) Depawiyy

+6% (1= 0u) Bebrira (1= prar) (1= prya) Dvpowiys +

7.2 Expected surplus of the bargaining worker, H, (r)

The average surplus of a worker hired at time ¢, H, ¢, is defined as H, ; = V, + —U; and the surplus
of a worker working at firm ¢ is defined as Hy (i) = V; (i) — Uy. Substituting V; (i) and Uy will yield
Hy (i) = wy (1) =0+ BE Ay i1 [(1 = pogr) Virr (1) 4+ prga Upr + oty ¥ — 5441 Vir — (1= s¢41) Upya |
=

Hy (r) = w; (r) = b= BEAy 41 [se41He i1 — pi T] + BEA 11 (1= pyy) Hep (7)

=

Hyp1 (1) = wigr (1) = b— BE N1 042 [Ser2Hu g2 — pits Y] + BE N 1,042 (1 — pyrio) Hevo (1)
=

Hiio (1) = wiga (1) —b— BEN12443 [stasHa i3 — pifis Y] + BE:Aio s (1 — pris) Heys ()
=

Hypr (r) = wisr (1) + BEAv1,042 (1= prpa) wega (1) = b= BEAri142 (1= praa) b
—BENi11,t42 [St2Hu 2 — pity Y] + BEiAii1643 (1 — pyys) [st48Hz 43 — P3|
+BEMy2.443 (1 — prys) Hiys (r)

Then,
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Hy(r) = wi (r) + BEAy 41 (1= pyiy) wegr () + B2Ei g ra (L= pyyy) (L= pyyg) wies (1)
—b— BEAs 11 (L= pyy) b= BBl iya (1 — ppyr) (1= pyrys) b

—BEM 141 [se41Ho i1 — Y] = B2Eihiero (1= pir) [ses2Heaya — pita Y]
—B°Ehii1is (1= pria) (1= pryo) [se43Hopss — pits Y] + BEAi2043 (1= pyys) Hips (7)
=

He (r) = W (r) = [L+ BEAees1 (1= pryr) + B Eeherz (1= prar) (1= prya) + .00

—BE A gi1[st41Ha 41 — piy Y] = B2EiAg i (1= pryy) [se42Ha 42 — pifo Y]

—B°EMii1e43 (1= pogr) (1= prys) [se43Ho sz — pitsY] — ...
7.3 Expected wage payments of a negotiating firm, W/ (r)

The expected lifetime wage payments of the bargaining firm at time ¢ can be written as
Wtf (r) = E Z:io BSAt,Hs% (r) wigs ()

=

Wi (r) = we (r) + BEAy 11 ™2 (1) wign (1) + B2 EeAg 42 ™22 (1) wega (1) + ...

=

Wi (r) = wi + BEA 11 22 () [0, wF + (1 — ¢, )wiy 4]

+62Et/\t,t+2n%:2 (r) [P wi + 0, (1 — @, )wity + (1 — @, )wis]

+53Et/\t,t+3 n;;trs (r) [‘P?uw? + o (1 — Pu)Wig1 + Pl — @ )wips + (1 - ‘Pw)was] t o

Then,

W (r) = B, {1 + B A1 2L (1) + (Bpy)? Appro 22 (r) + ] wy

nt nt

+ (1= ¢y) EeBA 175 (1) [1 + Bttty (1) + } Wiy

MN¢41

+(1—p,) Etﬁ2At,t+1n;7tz (r) {1 + 22 (1) B Apgre42 + ] Wiyo + o

N2

If the discount factor for the firm is defined as

Y (r) = By 3ol (Bew)” Avpgs s (1)
=

Se (r) = 1+ By Bl 17 (1) Seq (1)
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Then

Wi (r) =S () wi + (1= ¢,) B Y00, B Avirs T (1) Bps (1) Wit

7.4 Expected surplus of the bargaining firm, J; (1)

Having derived the expected wage revenues of a negotiating worker and expected wage payments
of a negotiating firm, we can now derive the explicit functions of surpluses of firms and workers.

Jie (1) = py far (r) — wi (1) + BE At 141 {%xtﬂ (r)* - p?frlT} + BEM 41 (1= pyyy) Jega (r)

Nt41

Using the fact that ney1 (r) = (1= pyyq) ne (r) + qearves1 (r) = (L= pyyy) = (r) — mp1 ()

¢

and Jyi1 (1) = kzeyq (1), we can rewrite the equation above as

Ji (1) = p¥ fre (r) — we (1) — BEAs 141 [%ﬂ?tﬂ (7‘)2 + ,OZLAT} + 5EtAt,t+1n;7tl (r) Je1 (r)

=

Ji11 (1) = it fare1 (1) —weg1 (1) = BEAri1,142 [%xtﬁ (r)* + Pﬁzﬂ FBE A y1,0425752 (1) Jrya (1)

Nt41

=

Jiyo (1) = pihofutra (r)—wiyo (1) =BE At y2,143 [%$t+3 (r)? + PirfrgT} +BE At y2443 foii (r) Jegs (1)

and so forth. Therefore,

Je(r) = Ep 3520 B At s = (1) |:p%v+sfnt+3 (1) = BAttsttst1 [§$t+s+1 ) + PﬁsHTH
_Et chx;o 68At,t+sn;7ts(7')wt+s (’]”)

=

Ji(r) =By Y00 o B At =t (r) |:p;§v+sfnt+s (r) — BAtts t+s+1 [%xt+s+1 (r)? + pﬁsHTH

_Wtf (r)

7.5 Deriving the contract wage

The Nash bargaining is summarized by

max Hy (r)" Jy (r)' 7"

The first order condition will result in

nAH, (1) Ty () T = (L= )y (r) Hy (r)" Ty (r) 7"

=
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nAJy (r) = (1 —n) ¢ (r) He (r)
Letting x, (r) = Wﬁm will provide x, (r) Je (r) = (1 — x; (7)) Hy (r). He(r) = we (r) —
b— ﬁEtAt,t-s-l [5t+1Hw,t+1 - pﬁqT] + 5EtAt,t+1 (1 - Pt+1) Ht+1 (7“)

=

H; (7") = Wt (7“) —b- BEtAt,tJrl [st+1Hz,t+1 - PZLHT] + 5EtAt,t+1 (m+1 (7“) - 9Ct+1) Ht+1 (7“)

=

Hy(r) =w(r) —b— BEAt 141 {stHHmﬂ —pim Y+ %/wfﬂ (r)]
FBE At 1755 (r) Hygr ()

Then

Ht+1 (7") = Wt+1 (7’) —b— ﬂEtAt+1,t+2 |:8t+2Hz,t+2 — p%iQT + %/ﬁx%+2 (T):|

+BEtAt i1 t42 2 (r) Heyo (1)

Nt41

=

Hipo(r) = wira (1) —b— BEAiia113 |SevsHe s — pilis T + %mﬂs (r)

+BE M y2,0437,2 (1) Heps (1)
=

Hy(r) =W/ (r) -

5 s ) s 2
Ey Y000 B Aty et (r) [b + BNt ystyst1 (St+s+1Hx,t+s+1 —pite1 T+ %th+s+l (r) )]

Now we can derive the contract wage by substituting Hy (r) and J; (r) into the first order condition
of the Nash bargaining.
Xe (1) i (r) = (1= x, (r)) He ()

=

Xe (1) {B: 3020 B A s 255 (1) [Py o s (1) = BAipsp o1 (5Tepars (1) + ot D) = WY ()}

(1= e (W (1) =B 02 B A ™= (1) 048 st (St H psn =i gy T2 i ()]}

“Xt4s+1

=

Wtf (r) = x; (r) E Z:io »35At,t+s1%rs (r) pi”+sfnt+s (1) = BAtis ttst1 (%xt+s+1 (7“)2 + PﬂsHTH +
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(1= x¢ ()] By 3200 B Aoy s ™ (1) {b + BNt s ttst1 ($t+s+1Hx,t+s+1 Pt T+ %“xt+s+l (7")2)}
-

Be (r)wi + (1= y) B 35071 B Mg pges = (1) Begs (1) wig

=X (1) Be 30020 B A s 5= (7) {piu+sfnt+s (1) = BAtts t+s+1 (%$t+s+1 (r)* + PﬁsHT)]

+[1 = x; ()] Bt Z:io 65At,t+s n,t; () [b + BAtts ts+1 (st+s+1Ha:,t+s+1 - PﬁSJrlT + %th+s+l (r)2)]

=
Se (1) wi = x4 (1) [PY fat (1) =BE A 41 (Sesr (7) 400 O)+L = x; (1)] [b+BE Mg 41 (se41Ho 41—

PEEL (1) By (1) wipy

Pt+1T+Xf7(())Wt+1 (N =1 = ¢,,) BE AL 111 "2 (1) Syp (1) wiy +8E,

=

X (r)wi = wf (r) + By Bl 175 (1) Do () wipy
where

o w K 2 in
wy () = x, () [pt Jnt (1) = BE: A 41 (§$t+1 (r)” + Pt+1T>]

+ 1= x¢ ()] [b + BE Ay 141 (8t+1Hx,t+1 pit T + %(())nxtﬂ (T)Q)]

7.6 Dynamics of the intermediate market

To log-linearize the target wage, we will rewrite the regarding equation such as
wf (1) = X (1) PP Fut (1) = BBehvnr (§201 (1) + 01T )|

+[1 = x, (1)] [b + BEiA¢ 111 <St+1Hx,t+1 —pit T+ %th+l (7')2)}

wy (r) = X¢ (F) P fur (1) — By (1) Belgpr1 5241 (r)* = By (1) ExApr1pity T + b — x, (1) b —

(1= x; (M) BEA 4108 Y+BE A 1115041 Ho p41+8E Ay, thrllLl(())'€ wiq (1)=Bx; (1) EtAgr18e1He 41—
Bx; (1) ErA, t+1%1(())m?+1 (r)

=

w§ (1) = X; (1) P fut (1) = BXy (1) Bt 1§41 (r)° = BEAe1pi T +b— x, (1) b

+BE At s115041Hpp1 + BE Ay 141 %1(?)%?“ (1)

—Bx4 (1) EtAg pr18e41Hoe i1 — Bxy (1) EtAt,t+11Ll((),) w7y (1)
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Log-linearizing the equation above and canceling the constant terms will result in
Wi (1) = Xp" fo [R0 (1) + ¥ + For ()| =Bx 502 Ee [R0 () + Reos + 2801 ()| =Bp™ Ty (R + 511 |+
BSHBy [Reain + 5o+ Hoia | = 00K, () A5 002 B [Rein + TRt () + 2 ()]

o~ > o~ oS 2 o~ N o~ o~
—BxsH,E; [Xt (1) + At gy1 + Se41 + Hz,t+1} —B15 K Ey [Xt (r) + Ater1 + 25 Xeg1 (1) + 2Te4 (T)]

—

Here we used the fact that f (z;) ~ f (z) + f/ (2) (xs — z) = f (z) (1 + nT;) where n = ag(f 7o

Simplifying the equation above yields

@7 (r) = xp" faro™ [BF + For ()] + [ 0 — 8507 — b= BsH, — frome?] xR, (7)

. 2 -~ 2 N
+ [(1 —x) BsH, — Bp" T + BX%} W E N1 + ?ffi) W EiXyqq (1)

+Bxﬁm2w71Et§t+l (’I") B ﬁpinTwilEtﬁiil + (1 — X) ,BSwaflEt {§t+1 + ﬁm,t-&-l}

Due to constant returns ]?m (r) = fm and }AIM = PAIt. At the steady state H, = H = (1Xfx) and

J=kx = H= (f’j‘;). Therefore, the equation above can be revised such that

wy (r) = xp* frw™? [ﬁé” + fm} + [PV fn — b — BEa? — (s + p) BH]| xw'x, (r)

+[(s+8) Bxrz — Bp™ Y] w Eyhyy i + BrEgra?w  EXypy (1) + Bxra?w ™ EZey (r)
—Bmew_lEtﬁiL + Bsxyrrw 1 E; {§t+1 + }AIWH}

To find the percentage deviation of the target wage from its steady state, we will follow the foot-
steps of Gertler and Trigari (2009) and start with the hiring rate of a bargaining firm. It is given
by

kxe (1) = p fur (1) — we (§) + BE A 41 {(1 = Per1) e (0) + Sae ()7 = pit, T

=

Ky (1) = pi frr (1) —wy (1) + BE A 16811 (1) — BEAs i 1104 1 KTeq1 (1) + BEA 14157041 (1)2 -
BEtAt,tJrlp?}rlT

=

kxZy (r) = p* fn [ﬁi“ + J?nt} —wiy (1)+BrTEy [Kt,tJrl + Teq1 (7")] —BprrEy {/A\t,tﬂ + D1 + Tegr (1)
+B85 32 E; {Kt,t+1 + 2% 41 (7")} — Bp"YE, [Kt,tJrl +ﬁﬁ1]

=

B (1) = DV fue [P+ Fur| — wed (1) + (1= § = 9" Te) BER 41 + BEirsr (v) = pBEiprsr —
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Bpi"YeEpy 4

where € = (kz)~'. At the steady state n = (1—p)n + quv and 2 = 40 then x = p. Given the
equation above, the difference between the hiring rate of a bargaining firm and the aggregate
hiring rate will be given by

Ty (1) — Ty = we (Wy — W (1)) + BE: (Teg1 (1) — Tiy1)

iterating this equation forward will provide us

Ty (1) — Ty = we (W — Wy (1)) + BweBy (D1 — Wep1 (1)) + PweE; (Do — Wiyo (1))

+B3weE, (Wit — Wyys (1)) + ...

We can simplify this equation by using the real wage index. The wage index is

wy = g wi—1 + (1= ¢,) wf

=

Wy = @, We—1 + (1 — @,,) Wy

=

Eie g1 = 0,0 + (1 — @) Eywf, 4

=

Eylipy s = @, W1 + (1 — ) Eyf

We also know the fact that expected bargained wage for the next period is convex combination of
the optimum bargained wage at next period and the optimum wage for this period:

w(r) = wy

=

Eyiey1 (1) = @, 0 + (1 — ¢,,) By

and the aggregate wage at time ¢ + 1 is given by

Eie1 = ¢, 07 + (1 — @) Eyiwiy,

=

Eyr1o (1) = @, W11 + (1 — @, ) Er]

Then it is convenient to write
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By (W41 — Wit (1)) = @y, (W — W7)

=

Er1 (Wipa — Wega (1) = @y (W1 — Wiyy)

We also know that

Evy (r) = Wy = By Wiy (1) = W)y

Taking the expectation of both sides will yield

Eygy 1 (r) = Byy g = 0, W7 + (1 — ¢, By = By, = 0] = By .
Having found this relationship will allow us to rewrite

Eip1 (Wiy2 — Wiy (1) = @y (W1 — Wiyy)

such that

By [Ep1 (W42 — Wego (1)) = By [y (W1 — W74 1)]

=

By [@t+2 — Wiy2 (7")] = Puw (Et@tﬂ - Et@§+1)

=

By [Wir2 — Wipo (1)] = @4, (0 W + (1 — ) Er07, — Eroyy4)
=

By [@12 — Weso (r)] = @3 (0 — Ey@y,)

=

Ey [W42 — Wit ()] = @3, (@ — F)

Therefore,

~

Tt (’l") — ft = We (ﬁ)t — ﬁ)t (T)) + 5w€Et (ﬁ}t+1 — ﬁ}t+1 (T)) + BZU)EEt (’l/l)\t+2 — ’l/U\t+2 (7“))
+63W€Et (I/L;H_g — ’L/L;H_g (T‘)) + ...

=

~

Ty (1) — Ty = we (W — WF) + Bp,we (W — WF) + (B, )2we (W — W) + (Bepy, ) we (W — @) + ...
=

1
1-Bp, "

Ty (1) = Ty + wXe (W, — wy) where ¥ = Then, Tyi1 (1) = Zyp1 + wEe (Wyy1 — W4 )-

36



Following the same path for the weights in the Nash bargaining first order condition yields

S (1) = 14 By Bl i1 "5 (1) B (1)

=

51 (r) = B, B {KMH +p (Bra1 (1) = Prsr) + St (7’)}

where we used the fact that

ne (r) = (1= p) ne—1 (1) + qoe = neya (r) = (1 - Pt+1) ne (1) + Ge41ve41
=

() =1=py + x4 ()

=

Ney1 (1) =7 (r) =p (f?tﬂ (r) — /ﬁtJrl)

Therefore

B0 (1) = 1 = 0oy B [Brr (1) = B + 8oy B [Sen () = Se|

=

Sea1 (1) = Sert = p80, Bt [Fe (1) = Brva] + B Br [ Stz () — e
We can deduce that

S0 (1) = S = B Be [(Fesa (r) = Bon) + By, (Fva (r) = Fora) + (89,) (Fors (r) — Fuss) + .
=

S (r) = 8 = pwSel (@, — @)

16?23 . The first order condition of the Nash bargaining provided %, (r) = — (1 — x) (it (r) — ﬁt>

where ¥ =

Averaging this accross all firms will result in

() =%=— (1= (S () - %)

X — (1= x) pwEe¥ (w; — wy)

=
&
—
=
S~—
Il

Et/it—i-l (r) = Et)?t-i—l — (1= x) pwEeVE; (fﬁt—s-l - @ZF-H)

Given these findings, we can derive the percentage deviaiton of the bargaining firm’s surplus
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from hiring another worker. That surplus is given by

Hy(r) =w; (r) —b— BE A1 [s191Hous1 — Pty Y] + BE A1 (1= pyyr) Higa (1)
Log-linearizing it around the steady state and canceling the constant terms result in
HH, (r) = wit; (r) + [p"YH™" — s+ 1~ p| BE Ny 11 + B YH E B — pBEpy
—spHE; [§t+1 + ﬁt+1:| +B8(1—p)EHyq (r)

where H~! = ;TZ Then,

Hy (r) = Hy = wH " [, (r) — @) + B (1 — p) By [I/_jﬂrl (r) — ﬁftﬂ]

We can iterate this equation to derive

E :ﬁft+1 (r) = fft+1: = wH ' E [Wp11 (r) — Wea] + B (1= p) E; [ﬁt+2 (r) = ﬁt+2}

Ey :ﬁtJrl (r) — ﬁtJrl: =wH ', [W; — @]+ (1 —p) E, [ﬁtﬁ (r) - ﬁftﬁ]

=

Ey :ﬁt+2 (r) — ﬁt+2: = wH ' E; (W42 (1) — Wey2) + B(1 = p,) By [ﬁt+3 (r) — ﬁt+3]

Ey [ﬁtm (r) — ﬁt+2] =wH ' (0; — W) + 81— p,) By [ﬁt+3 (r) — ﬁt+3}

=

Hy (r) = Hy = wH™ (@] = @) + B (1= p) i, (@ = @) + [8(1 = p) 0, (@7 — @) + .
=

Hy (r) = H, — wAH™ (@, — @})

We know from the Nash bargaining condition that

Xe (r) Je (1) = (1= x; () Hy (r)

=

Hy(r) =T (r) + (1= R (1) = He () =2 (1) + (1= ) % (7)

Using 7 (1) = T + wXe (0 — wy) and X, (1) = X, — (1 — x) pwXe¥ (w; — w}) we can derive
Hy (r) = 3+ wSe (@ — @7) + (1 - x) " [Re — (1 = %) pwSe¥ (@ — )]

=

Hy(r) =%+ (1= x) 7" X, + (1 — p¥) wSe (@, — ;)

If we plug this into the aggregate surplus of the firms in the economy, we will have
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H=%+ 1 —x)"'%, + (1= p®) wSe (@ — ©F) + wAH L (@ — @)

=

Hy=%+ (1 —x) "% + [(1 - p®) wSe + wAH ] (@, — @)

=

EiHppy = B+ (1= x) " EiXepr + [(1 = p®) wSe + wAH Y] By (@41 — 0511

Now we can use these equations to derive the percentage deviation of the target wage from its
steady state such that

wy (r) = xp* faw™! [ﬁé“ + fm} + [PV fn = b= B5a® — (s + p) BH] xw™'X, (r)

+ [(s+ &) xkz — p™ Y] Bw’lEt/A\m_H + BﬁanwflEtiH_l (r) + Bxrz?w BTy yq (1)
—5Pinrw71Etﬁii1 + Bsxraw ' B le + ﬁftﬂ]

@7 (r) = g, [P+ Fat | + 0% () + 2Bk + 25 B (1)

+ 9, EiZyyr (1) — Bp " Yw BBy, + ¢, By {§t+1 + ﬁt+1]

where o, = xp" faw ™", o = [p¥fn —b— B52% — (s + p) BH] xw™", o5 = [(s + §) xwz — p"T] fw™,

0, = Bxrr?w™!, and ¢, = Bsyszw!. If we replace the findings above, we will have

~,

@ (1) = oy, [P+ Fut + 03[R = (1= X) puoBew (@, — 7))

‘HPAEth,tH + (f'ii’”X)Et X1 — (1= x) pwEe¥ (W1 — Wiy )]

9, By [Tr41 + wEep,, (B — @F)] — B Yw L Eypiyy + 0, EiSeia

0. By [+ (1= R + [(1 = p0) wSe + wAH Y (@141 — @7

=

~,

wy (r) = ¢y, [ﬂ” + J?nt] + o X+ eaEhi i+ SEEER 1 + [0 + 95 BB

—Bp " Yw L EpyTy 4 0 EiSia + 71 (T — @F) + T2 By (G40 — D7 4)

where 71 = [p,0,, — (1 — X) @Xp\IJ] wXe and T2 = [(¢, — ¢,) p¥Te+ ¢, (Se+ AH )| w.
Finally we can derive the percentage deviation of the bargained wage from its steady state

such that

X (r)wi = wf (r) + By, Bilp 175 (1) Do () wip,

=
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Sw [it (r) + @t} — wid? (1) + By, SwE; [Kml Rt (1) — T () + S (1) + @;;1]

N

w; =S w? (r) —&-ﬁ(pwEth,tH + B0 By [Tig1 (r) — g ()] — 2A]t (r) +B‘PwEt§t+1 (r) + B By,
=

Bf = D107 (1) + By Bili i1+ pBoy, By [Te1 (1) = Peg) — 54 (1) + By St (1) + By, By
=

Wy = NG (r) + By Bl — PBPwEiDii1 + pBey, BTy (1) — S (r) + By EiSe (1) +
BSOwEt@fﬂ

=

B = X707 (1) 4B Erhr 11080, Eibrsr 0B, B [Fri1 + wEep,, (B — ©F)]—Si—pwSel (@, — @7)
+B¢, By |Ser1 + pwSelo,, (@, — @t*)} + B, Bri

=

Si+ @) = S7N07 (1) + By, Br [Brp1 — Praa] + [pBeRwSe + pB? YwSe — pUeSuw] (@ — @) +
B, Et Kt,t+1 + it+1 + fv\fﬂ}

where pAg?,wEe+pBpr, wle—pPeXw = By, (1+P) — U] pwle = [Bey, (1 + ) — ¥] pwle =
0. Therefore

S+ W = X7 07 (7) + pBewEr [Te41 — Poga] + BowFr {/A\t,tﬂ + 8+ @fﬂ]

7.7 Complete log-linearized model

me = oty + (1 — o) vy (47)
th =My — (48)

Sp =My — Uy (49)

U= ar + aky+ (1— )7y (50)
Q41 = Paat + €4y (51)

Ty =qr + 0 — Ny (52)
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ne (i) = (L —p)ne—1 (8) + p (@ + ¢ (1) — )

. pin/\in

Py = o Pt

~in ~in

Pt+1 = PpPt

Ze=Dpy + U — kr
Ty = pYfae {;51” + fm} — welly + (1 - g - pi"T6> ﬂEth,tH + BEZi1 — pBEP
—Bp™ VB,

For = G0 — 7

~ n_.

Ut = ——Th—1

u
Ar=(1-p)Be,Er {/A\t,tﬂ + 3t+1] — pBowED
S = B, Er [Kt,tJrl +p (/-'E\t+1 - ﬁt+1) + §t+1}
Re=—(1-[S -4
St +@f = 77 (1) + pBewEr [Fer1 — Peia) + Beow B [Kt,tJrl + 81+ @:+1}

O, + s
(1-x)

wy (r) = ¢y, {@U + fnt} + o Xt T PaBiAr i1 +

+ ¢ E5i41 — 5mew_1Etﬁiil + 71 (W — Wy ) + T2 B ('[U\tJrl - @;:k+1>

Wy = (1 = @y) W + Py Wi—1
X\ = E, (/)\\t—i-l - %t—&-l) + 7y
Xt =F (Xt+1 + 522t+1)

At = —Ct
Eth,t+l = EtXt+1 N

w=Ema+1-p)"r
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EiXiy1 + [¢r + @] EtTrya



1+ Ve (L= pp) BxTorr + 7, (1= p) Yt + 641

-~ KZCL’QH

[2Z; + 7y]
%t = 9]/7?) + ﬁEtﬁt.}rl

9t:ﬁt—ht

42



