NATIONAL RESEARCH UNIVERSITY

HIGHER SCHOOL OF ECONOMICS

Nikolay Y. Ushakov

WHAT IS THE ROLE OF HIGHER
WAGE FLEXIBILITY OF NEW
HIRES FOR OPTIMAL MONETARY
POLICY?

BASIC RESEARCH PROGRAM

WORKING PAPERS

SERIES: ECONOMICS
WP BRP 44/EC/2013

This Working Paper is an output of a research project implemented

at the National Research University Higher School of Economics (HSE). Any opinions or claims contained

in this Working Paper do not necessarily reflect the views of HSE.




Nikolay Y. Ushakov*

WHAT IS THE ROLE OF HIGHER WAGE FLEXIBILITY OF
NEW HIRES FOR OPTIMAL MONETARY POLICY?*

Higher wage flexibility of new hires is introduced as an extension of the baseline model in Gali
(2010), combining the New Keynesian monetary analysis framework with labor market frictions.
It was shown that the possibility of higher wage flexibility of new hires has an implication
forcrucial labor market decisions made by households and firms,as well as on the form of social
welfare loss function that is used to evaluate alternative monetary policies. Obtained extension
allows one to conduct normative monetary policy analysis for different scenarios of degrees of
higher wage flexibility fornew hires. Optimal monetary policy in the presence of higher wage
flexibility of new hires is characterized by a higher incentive to make inflation more stable and
by less incentive to facilitate adjustment of real wages in response to real shocks. Thus, the
possibility of higher wage flexibility of new hires provides support toward more strict inflation

targeting in the presence of nominal price and wage rigidities.

JEL Classification: E32, E52.

Keywords: Relative wage flexibility of new hires, optimal monetary policy, New Keynesian

framework, search and matching in the labor market, unemployment.

'National Research University Higher School of Economics. Laboratory for Macroeconomic

Analysis. Junior Research Fellow; E-mail: nickushak@mail.ru

*The author is grateful to Lev Lubimov, Sergey Pekarski, Kirill Sosounov, Sergey Merzlyakov, Andrei Dementiev, Oxana
Malakhovskaia and ErenArbatli (National Research University Higher School of Economics) for support and discussion of the
present project during the macroeconomics scientific seminar held at the Higher School of Economics on April 17, 2013 in
Moscow. The author is grateful to Jordi Gali (CREI, University of Pompeu Fabra) for discussingthe project during the
macroeconomics summer school “Monetary policy and Labor markets” in Barcelona in 2013.The study was implemented in the
framework of the Basic Research Program at the National Research University Higher School of Economics in 2013.



1. Introduction

What are the normative implications of higher wage flexibility of new hires? How should central
banks account for the possibility that new hires may have a higher probability of wage
negotiations? What are the implications of such a wage-setting heterogeneity between new
workers and existing workers for an economy’s reaction to macroeconomic shocks, and for the
costs and benefits of alternative monetary policies? How does an optimal monetary policy

change in response to different degrees of higher wage flexibility fornew hires?

Conventional monetary policy prescriptions in the presence of both price and wage stickiness
was first formulated in Erceg et al (2000), and may also be found in Woodford (2003) and Gali
(2008). The standard result of that literature states that in response to real shocks it is optimal for
the central bank to allow to adjust both prices and wagesto some extent, thereby facilitating
proper real wage adjustment. The degree of optimal wage and inflation volatility will depend on
the relative degree of wage and price rigidity. Such a prescription became known in the literature
as flexible price inflation targeting, as opposed to strict inflation targeting. Moreover, Erceg et al
(2000) have shown that strict wage inflation targeting is a significantly better policy than strict
price inflation targeting. It would be interesting to know how the relative wage flexibility of new
hires may change the proposed policy and be considered as a benchmark policy design principle.

The first steps toward analyzing optimal monetary policy in a model containing both nominal
price and wage rigidities, along with the search and matching process in the labor market, and
explicit analysis of the role and consequences for unemployment were made in Thomas (2008)
and Gali (2010). Both authors come to a similar conclusion to that of Erceg et al (2000),
namelythat flexible inflation targeting is an optimal policy. Gali (2010) proposes a baseline
theoretical framework that includes the necessary features required for introducing labor market
frictions into the New Keynesian framework that could be used for both normative and positive
analysis of monetary policy. Gali’s (2010) framework is different from Thomas’s (2008)
modelin that it ignores capital accumulation and considers the diminishing returns of
intermediate firms as a natural source of inefficiencies from staggeringwages. Another
distinguishing feature of Gali’s (2010) framework is that it includes the endogenous labor
participation decisions of households, a property that is not usually considered in the search and
matching literature and that is very natural for the New Keynesian and business-cycle
literature,where the labor supply is endogenous. As a result, unemployment is determined not

only by the hiring decisions offirms, but also by decisions of households regarding labor market



participation.The search and matching framework in the labor market assumes that there is a

constant need of hiring of new workers by firms due to exogenous job destruction.

As was emphasized in Pissaridis (2009),if new hires could negotiate their wage freely at the time
when they are hired, then the existence of long spells with unchanged wages of incumbent
workers (but remaining in the bargaining sets) would have no direct effect on hiring decisions
and, as a result, on output and employment. Still, the empirical evidence on the wage flexibility
of new hires remains controversial. One group of authors (Haefke, Sontag, and van Rens,2008,
and references in Pissaridis, 2009) provide evidence that confirm the hypothesis regarding the
wage flexibility of new hires, while other authors,such as Gertler and Trigari (2009) and
Galuscak et al (2008),reject the hypothesis of a significant difference in the frequencies of wage

setting for new and existing workers.

Despite a lack of consensus on the degree of relative wage flexibility of new hires, it would be
useful to introduce such a possibility in the standard framework and study both positive and

normative implications.

The first attempt to introduce relative wage flexibility fornew hires was made in Bodart et al
(2006) for the purpose of positive analysis in a medium size monetary model. The proposed
model lacks the microstructurenecessary for normative analysis purposes and considers labor

supply to be exogenous.

The goal of this paper is to study implications of relative wage flexibility of new hires in
Gali’sbaseline model with unemployment. The main reason for considering Gali’s model as a
benchmark is that this model allows us to conduct both a positive and normative analysis in the
presence of labor market frictions, nominal rigidities, and endogenous labor participation of

households.

The paper is organized as follows. Section 2 formulates the baseline model combining nominal
rigidities and labor market frictions. Section 3 presents calibration of the model and equilibrium
reaction of macroeconomic variables in response to monetary and real shocks for different
degrees of relative wage flexibility fornew hires,given the same exogenous Taylor rule with
respect to the wage flexibility of new hires. In Section 4 the optimal allocationof social planner is
found, welfare loss function in the presence of relative wage flexibility of new hires is derived,
and a comparative analysis of optimal policy is conducted under different degrees of relative

wage flexibility. Section 5 offers a conclusion.



2. A model with nominal rigidities and labor market frictions

| follow the proposed baseline set-up in Gali (2010),which combines nominal rigidities and
search and matching frictions in the labor market within the New Keynesian monetary
framework, and extend the baseline model to explore implications fora higher relative wage

flexibility of new hires.

2.1 Households

It is assumed that the economy consists of a large number of identical households. Each
household consists of a continuum of members on a unit interval and maximizes the expected

utility of the form
E XZoBU(C, L) 1)

-1
where C; = ( fol Ct(i)T) isanindexofconsumedfinalgoods, ¢ is the constant elasticity of

substitution between any final goods, andL.is an index of time spent by the household members

on work and job searching. More specifically, L, is defined as:
Ly = Ne + YU, (2)

where N is the number of employed members of the household and U; is the number of
involuntary unemployed members that are searching for a job. Coefficientyy < 1measures the
relative weight of disutility from searching for a job as compared to the disutility from work in

the index of labor market effort L,.

Period utility function is the following

U(Ce L) = log Ce = 7 L™ 3)

Parameters ¢ and y determine labor supply, i is the Frisch labor supply elasticity, and y is a

scaling parameter relating utility from consumption and disutility from labor market effort.

The log specification of consumption utility function is taken because it is consistent with the
balanced growth path. Note, in contrast to the standard business cycle literature, where the
disutility from employment is only considered, here the labor market effort of both employed

and unemployed members of the household are taken into account in the utility function.



For this specification of utility function, it is implicitly assumed that all members of the
household (participating or not participating in the labor market) consume the same amount of
final goods. This is possible because there is a transfer of income from employed members to
members that are unemployed and not participating in the labor market. In the context of the

search and matching model, such perfect risk sharing was firstly introduced by Merz (1995).

Another implicit property of the above utility function is that non-participation in the labor
market does not bring disutility to ahousehold. Any nonparticipating member has an advantage
that the member does not spend time on searching for a job andhas a disadvantage of not earning
wages for the household. Thus, this trade-off creates aproblem of optimal allocation of

household members between participation andnon-participation in the labor market.
Aggregate employment evolves according to
Ne=(1—=8)N;q + xtUtO 4)

whereé is an exogenous job destruction rate, showing a constant share of job positions that are
closed every period. x;is a job finding rate— the probability of finding a job for an unemployed
worker at the beginning of any quarter. At the end of any quarter there are U, = U? — x,U?
unemployed workers left. Note, this timing assumption is necessary to make employment a non-
predetermined variable, whichwould be consistent with most of the business cycle literature and
which differs from the search and matching literature, where each worker becomes a part
ofproductive employment only in the next period after he or she was hired. Such a timing
assumption was first introduced byBlanchard and Gali (2010).For a quarterly frequency, it is
quite reasonable to assume that the worker becomes productive in the period of finding a job and

would be irrelevant to assume thisfor a monthly frequency.

A household maximizes utility (1) in subject to the sequence of budget constraints

1 1
j Po(D) C,(D)di + QuB; < By_y + j W, () Ne()dj + 1,
0 0

whereP; (i) is the price of final good i, W, (j)is the wage paid to the worker employed in firm j,
which produces the intermediate good, B;is the quantity of one-quarter bonds that are bought by

the household in the beginning of the quarter for price Q; < 1 and sold back atthe end of the

quarter for the price of 1, thus bringing a quarter interest rate of%, [1;is the lump sum
t

component (e.g. dividends or taxes). Another constraint prevents households from engaging in

Ponzi-type schemes.



The resulting demand for individual final good i

=22 "¢, ©)

P

The familiar optimal intertemporal choice condition is represented by the Euler equation

Q¢ = ﬁEt{ L } (6)

Ct+1 Pr+1

2.2 Firms

In order to introduce both nominal price rigidities and search and matching frictions in one
model, but whiletreating these features separately, a two-sector structure of the economy is
assumed: a final goods sector and an intermediate goods sector. Firms in the final goods sector
are subject to nominal rigidities and use only an intermediate good as an input for their
production. Thus they do not directly face a search and matching problem in the labor market. In
contrast, firms in the intermediary sector fully face flexible competitive prices for their produced
homogenous goods and do face a search and matching problem of hiring workers that
areneededfor producing intermediate goods and whoengage in the process of wage bargaining
with firms. A combination of nominal price rigidities and search and matching frictions in such
a way is a standard approach for this literature. This approach was originally proposed by Walsh
(2005) and it avoids difficulties that appear when both pricing and hiring decisions are made by
the same firm, creating room for the interdependence of pricing and hiring decisions, which is

not a focus of this paper.

There is a continuum on the unit interval of firms in the final goods sector in the economy. Each
firm produces a differentiated good and sells it to households on a monopolistically competitive
market. Every differentiated good is produced using the same technology:

Y. (@) = X, (D)

whereY, (i) isthe quantity of a differentiated good produced by firm i andX,(i)is the quantity of
the homogeneous intermediate good demanded by firm i on a competitive intermediate goods

market.

It iswell-knownthat under flexible prices, whenall firms may change their prices every period,

the optimal price in the monopolistically competitive market is

P.(i) = MP(1 — 7) P!



i.e.the optimal price is a markup MP over the current period’s nominal marginal costs(1 — )P/,

where 7 is a subsidy for the purchase of an intermediate good at the price P;.

As all firms under flexible prices will face an identical problem, they will all set the same price

equal to the average price for final goods equal to
P, =MP(1—-1)P}

It is assumed that the prices are sticky in a way proposed by Calvo (1983). Every firm has the
same probability 6,, to reset the price andthis probability is independent across the firms and time
that has passed after the last price readjustment. The following log-linearized optimal price-
setting rule can be derived (details of derivation are shown in Chapter 3 of Gali, 2008)

pi = uP + (1 - BO,) Lieo(B0,) (Eelplii} — ) )

where small letters denote logarithms of original variables, e.g. p; = log P{, u? = log MP, etc.
The condition for optimal price setting states that, under pricing restrictions a la Calvo,it is
optimal to choose the price that is a desired mark-up (mark-up in an environment offlexible
prices) overthe expected discounted average nominal current and future marginal costs, with the

discounting factor determinedby the time preference discounting factor f*and the probability

that the set price will remain effective in future quarters, Hp"" .

Calvo pricing implies the following approximate formula for log aggregate price level
Pt = Oppe—1 + (1 - 9;:)292k (8)

Formula (8) is a result of the assumption that in every period a share of (1 — Hp) of all firms face
the same price-setting problem and choose the sameprice P;. As firms that reset their prices in
the current quarter are chosen randomly, therefore all left firms that did not reset their price in
the current quarter have anaverage price equal to the previous quarter’s average price level for all

firms.

The combination of equation for optimal price (7) with equation for the law of motion of

aggregate price level (8)results in familiar price inflationin the New Keynesian Phillips Curve:
Ty = ﬁEt{”fﬂ} - }Lpﬁf 9)

_ (1-6,)(1-86p)

where n} =p; — i1, Ay = 2 and af = uf —u? =p, — (p! —v) — uP. The last

formula states that inflation is driven only by current and future deviations of actual mark-up
8



uPfrom desired mark-up under an environment of flexible prices or steady state mark-up. As the
actual mark-up is determined by the price of the intermediate goods sector dealing with the
search and matching and bargaining problem, then the dynamics of inflation will reflect all
frictions present in the intermediate goods sector and affecting the price inflation of final goods

through the mark-up channel.

There is a continuum on the unit interval of intermediate firms producing a homogeneous good
and which have access to the same production technology with diminishing returns for labor

input
Y/(j) = AN ()

where Y/ (j) is thequantity of produced intermediate goods by firm jusing N.(j) employees.
A, representsa technological parameter that is common and exogenous for all intermediate firms
and described by the autoregressive process for a, = log A, with autoregressive coefficient p,

and the variance o2.

Employment dynamics within an intermediate firm j is described by equation

N:(j) = (1 = 8N, () + H:(j) (10)

whereé is an exogenous and common for intermediate firms rate of job destruction per quarter
and H.(j) is the level of hiring by firm j. Assumptions underlying the timing ofthis equation

were described in the section for the household problem.

As stated earlier, intermediate firms engage in the labor market characterized by search and
matching frictions, meaning that the hiring process requires costs on the side of the firm to
employ new workers and that the wage is not given by aWalrasianauction, but instead is
bargained individually with every employee at some point in time. An important feature of this
market is that each employee signs a contract specifying that the employee will receiveawage
according to individual bargaining between the employee and firm with an exogenously given
probability of renegotiations in the future, and that the employee may lose his or her job every

quarter with an exogenously given probability of§.

Labor market frictions are introduced in the form of the cost per hire G;, as was proposed in
Blanchard and Gali (2010). The cost per hire G, is the amount of resources that a firm should
spend to hire one worker. It is assumed thatG.for each individual firm is exogenous and, thus,
does not depend on an individual firm’s hiring level. It is commonly assumed thatfor

theeconomy as a whole the cost per hire may depend on aggregate factors. One natural factor
9



determining cost per hire is the level of labor market tightness (the ratio of vacancies to
unemployed workers), which can be approximated by the job finding rate x;, = %(the ratio of the
t

aggregate level of hiring during the quarter to the number of unemployed workers at the

beginning of the quarter). Specifically,
Gt == Gt(xt) == Fxl/

It was shown in Gali (2010) that the proposed approach for introduction of labor market frictions

is equivalent to the search and matching function approach developed by Diamond, Mortensen,

VT
m(v,ul)

and Pissarides, and described inPissaridis (2000). In short, one can derive that G, =

where V; is the number of aggregate vacancies posted in the economy, I'is the unit cost of
posting a vacancy, M(V,, U?)is the matching function, measuring the aggregate hiring per
quarter as a function of the number of aggregate vacancies and unemployed workers at the

beginning of the quarter. It is straightforward to show that, if the matching function represented

by the Cobb-Douglas function with first-degree homogeneity,M (V,, U?) = thUtol_z, then the

1=

hiring cost is G; = l“xt< , Which coincides with the proposed formula for G, above, if y = 1%

~N

2.2.1 Introduction of higher wage flexibility of new hires for employment

decisions
I extend a model developed by Gali (2010) to incorporate the higher wage flexibility of new
hires. The original model, proposed by Gali (2010), contained a hiring condition for firms

producing intermediate goods

Wt (j)
tt] +G6—(1- 5)Et{At,t+1Gt+1} (11)

MRPN,(j) = =5

1 —
where MRPNt(j)E%(l—a)At(Nt(/)) “is the real marginal revenue product of the
t

intermediate good produced by firmj. Condition (11) states that an intermediary firm j should
have employment level N,(j)— and thus hiring level H.(j) — such that the real marginal revenue
of the marginal worker is equalized with the marginal costs associated with hiring a marginal
worker,and the latter costs are the real wage and the cost per hire minus the next quarter’s
expected benefit from hiring a new worker today, as there will be no need to hire an additional

worker in case the position will not be destroyed with probability (1 — &).

10



The above formula shows that, at the stage of hiring, an intermediate firm takes the following
variables as exogenously given: the wage that the new workers will get in case of hiring (W;(j)),
the aggregate price level of final goods (P,), intermediate goods price (P}), cost per hire (G,), and
the level of technology (4,). From all listed determinants, only the nominal wage W, (j) that the
new hired workers will get is firmspecific, as different firms may have wage bargaining in
different quarters.Hence the optimal employment level is also firm specific and thus different for
firms with different wages that are paid to hired or new employeesin the current quarter.

Relative wage flexibility of new hires with respect to all employees is introduced in the sense
that the new hires do not necessarily sign a contract with awage equal to the wage of existing
workers hired in the previous quarter. Thus, it is assumed that a portion x of newly hired workers
get an average wage of existing contracts of the previous period hires. That average wage is
determined or “inherits” both the wage that was set for workers who worked at the time of
employee negotiations, and wages of workers newly hired after company bargaining. The other
portion of newly hired workers,(1 — k), have the opportunity to conduct exclusive negotiations
duringthe period of hiring. Thus, in general, the new hires have a higher probability of wage

negotiations than existing employees.

First, it should be emphasized that under a higher wage flexibility of new hires, the wages of new
and previously hired employees may differ within the same company and the hiring decision is
based on the wages of new hires and not on previously hired workers. Thus, it is suggested to
index the wage in the hiring condition (11) witha subscriptnew, stressing that the wage for new
hires is considered by the firm when the hiring decision is made. Second, it is assumed that when
deciding how many workers to hire the firmwill consider that the wage of an additional
employee is a weighted average of the wage of existing employees hired in the previous period
and newly negotiated wage with weights x and (1 — k), respectively. Specifically, optimal

hiring condition in the extended version of the model in Gali (2010) takes the form
MRPN.(j) = %‘:U) +G6 —(1- 6)Et{At,t+1Gt+1}(12)
Wi () = (1 — i)W, + k W2 ()

whereW*¢% (j)is an average wage of new hires, W/ is a currently negotiated wage exclusively

for new workers, W/ (j) is theaverage wage of new workers hired in the previous quarter.

Forward iteration of the previous equation results in

11



Gt = Et {z At,t+1(1 — 5)]( <MRPNt+k(]) tnte-l-v‘llc(])>}

P,
e t+k

whereW /e, (j) is a notation denoting estimated wage that currently hired workers (in the quarter
t) are going to get in the future quarter t 4+ k. The last equation states that under optimal hiring
the cost per hire should be equal to the expected discounted value of the current and future
differences in the real marginal revenue product and the averagewage of new hires at ¢ (or
surpluses from new hires in the event thatthey are not destroyed in the future, which is accounted
for by multiplying the probability of survival forcurrently newly occupied positions in the future,
(1-8)5).

It is convenient to define net hiring costs B; = G; — (1 — 6)Et{Atlt+1Gt+1}and simplify the

hiring condition as follows

(

MRPN,(j) = ———=+ B.(13)

Note that the above equation implicitly contains a relation between actual markup ( ) in the

)P’
final goods sector, average real wages of new hires, hiring costs, technology parameterand
optimal level of employment according to the formula of MRPN,(j). Log-linearization of (13)
around steady state, expression in log-deviations, and integration over all intermediate firms

gives
’azta = (a; — afiy) — [(1 - ®)o, + CDBt] (14)

B ~ 1. ,. . 1 . .o~ 1 < /. . . .
where ® = s e = Jo Ae(Ddj, we = [ we(Ddj, B, = [, ®.(j)dj. Variables with caps

denote log-deviations from steady state values, i.e. X; = x; — x.

Log-linearization and expression in log-deviations from steady states for net hiring costs results
in

1 A

N 3(1_8) A A
be = 1-B(1-6) ge ~ 1-B(1-6) (Ed{Ges1} — To) (15)

where the last expression in brackets uses the Euler equation for optimal intertemporal choice of

consumption by the household.

From the optimal hiring condition it is straightforward to derive a relation between the relative

employment of firm jwith respect tothe average employment in the economy and the relative

12



average wage of new hires in a firm jwith respect to the average wage of new hires in the

economy

a(me(j) —ne) = —(1 = @) (@t () — @r*” (16)

2.3 Monetary policy
For the purpose of positiveanalysis, the actually conducted monetary policy is described by the

Taylor type rule

t=p+ (bnnf + ¢y)7t + v, (17)

where i, = —log Q; representsthe return for a one-quarter riskless bond and p = —logp is
ahousehold’s time discount rate of the next quarter utility, ¥ is the quarter-to-quarter change in
the price level, y;is the deviation of actual quarterly output from the steady state quarterly
output, v, is an exogenous policy shifter described by an AR process with autoregressive

coefficient p, and variance 2.

2.4Labor market frictions and wage determination under higher wage

flexibility of new hires

Two alternative assumptions regarding wage setting are considered: cases of flexible wages and
sticky wages. The case of flexible wages is defined as a situation when all workers bargain with
firms over wages in every quarter. A case of sticky wages is defined as a situation when workers
negotiate over wages in not every quarter. Moreover, | consider an extension to the sticky wages
case proposed in Gali (2010)in whicha portion of new hires hastheopportunity
toexclusivelybargainwith the firm, whereas the rest of the existing and some of the newly hired

workers do not perform negotiations.

Under flexible wages, an employed worker accrues the following marginal value from his or her

labor market participation

w.()
Py

V() = — MRS, + E{Ar 141 ((1 = VAL () + 6VE4L))

This value is measured in terms of real goods consumption and takes account for the benefit of
the real wage, disutility from time spent on work (MRS, = xC:L.?), and theexpected value of

the employment relation for the next quarter. It is expected that with probability 1 — § the

13



household member will continue work in the next quarter and with probability § he or she will

be unemployed and search for a new job from the beginning of the next quarter.

The marginal value from sending an additional household member to search for a job is

represented by

'H,(2)
VtU = xtf ;-I VtN(Z)dZ +(1- xt)(_lpMRSt + Et{At,t+1th-]F1})
0 t

This value takes account for the expected value of being hired during the current quarter
(thisexpectation is based on the chances to be hired byfirms with potentially different levels of
hiring). On the other hand, in case ahousehold member does not find the job in the current
quarter, he or she creates disutility for the household due to spending time searching for a job.
The final term is the expectation of the value of remaining unemployed at the beginning of the

next quarter.

In the section describing the household problemit was assumed that the household makes an
optimal participation decision in the labor market. A household should choose the number
ofmembers thatshould participate in the labor market, taking into account that searching for a job
brings disutility and at the same time a perspective to be hired and to receive a certain level of
wages, while non-participation does not bring any disutility forsearching, but also does not

provide any perspective to be hired in current or future quarters.

For the sake of convenience, the value of non-participation is normalized to zero VN? = 0.
Assuming that a household has a positive number of both participating members and non-
participating members, meaning thatthe solution is interior, it should be indifferent between an
alternative to send an additional worker to the labor market or to ask the member to stay at home.
That implied, the optimal participation condition is satisfied when VY = VNP = 0. Applying this
condition for the marginal value for an unemployed worker gives the following relation

Xt (1 He(2)
1—xt 0 Ht

WMRS, = VN (2)dz(18)

The relation means that the household will send members to search for a job to the point when
the marginal disutility from the job search would be equalized with the expected benefit from
employment. Therefore, the surplus accruing to the household (defined as the difference between
the marginal values of employed and unemployed workers) is

SH() = "2 — MRS, + (1 = O)Ee{Avear (SH (D)}19)

14



where SH(H) = VN —VvY =N,

Similarly, the surplus for a firm that shows the marginal value accruing to the firm from

marginal employees is
S£(j) = MRPN,(j) — W;f(tj) +(1- S)Et{At,tﬂ(SfﬂU))}(zo)

The firm’s surplus takes account of the benefit of the real marginal revenue product that is
created by the marginal employee and the cost of paying the real wage to the worker and
expected future surpluses if the position will not be destroyed with probability (1 — &§). Note that
firm’s surplus does not include hiring costs, as the surplus is calculated for existing positions,

when the worker is already hired and thus the cost per hire has already been paid.
The minimum wage when employment is beneficial (S (j) = 0) for the household is
Q7 () = MRS, — (1 = O)E{Avera (SH1L(D))}
The maximum wage when hiring is beneficial is
Qf () = MRPN,(j) + (1 = 8)Ee{Acrs1 (SFr1 (D)}

The difference between the maximum possible wage and minimum possible wage represents the

sum of surpluses accruing to the household and the firm.
QG =G =SE +SEG) =G,

It is assumed that firms and household members engage in the Nash bargaining and the resulting
bargained wage is a solution for the following problem
max Sf'())* ¢ SF (H*

W (j)

whereé is the bargaining power of the firm and 1 — ¢ is the bargaining power of the household

member.
The optimal sharing rule is
S =A-S{H
and the Nash bargained wage is
L = 1) + (1 - )0f = EMRS, + (1 - HMRPN,()(21)

15



The above expression states that bargained wages represent a weighted average of the current
quarter marginal rate of substitution and the marginal revenue product from additional hiring,
with weights corresponding to bargaining powers.

As all employees and firms face the same Nash bargaining problem in the same quarter thatthe

wages are negotiated every quarter by all employees, all negotiations will result in the same

W (j) —

wage ( P,

%) if the real marginal products are identical for all firms. Given that the wages
t

are identical, the hiring decision rule implies the same level of employment for all firms and thus
the same level of marginal revenue product (MRPN,(j) = MRPN,). Therefore, satisfaction of

both the optimal hiring condition and Nash bargaining condition results in

~t = MRS, + (1 — §)MRPN,(22)

Py
Combining the previous Nash bargaining wage condition with the optimal hiring condition gives
G — (1 = 8)Er{Acr+1Gesr} = E(MRPN, — MRS,) (23)

Combining the Nash bargaining condition with the optimal participation condition for
households and optimal hiring condition gives

Xt

SYMRS, = 1-9 G¢(24)

1—Xt

Note that the optimal hiring condition defines relation for G, coinciding with the relation for
SE(j)=SF . Thus it is always the case that the surplus the firm gets from hiring is equal to the cost
per hire, that is common for all firms. Using the sharing rule to express the household’s surplus

as a function of the firm’s surplus from hiring givesthe results in (24).

An extension of the sticky wages model proposed byGali (2010) is considered below. As in Gali
(2010) I assume sticky wages forexistingworkers or workers hired in previous quarters a la
Calvo, when for every existing employment relation there is a probability of1 — 6,, for wage
negotiations in every quarter, which is independent across employment contracts and time passed
after the last negotiation. The relative wage flexibility of new hires is introduced by the
assumption that a portion of1 — x of new employees can renegotiate their wage even if it

happened such that existing employees did not bargain the wage in the current quarter.

The marginal value of an employed member of ahousehold is
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*

N W
Vt+k|t — MRS
+ Et+k{At+k,t+k+1[(1 6)(9 t+k+1|t + (1 - gw)VtIik+1|t+k+1) + 8th-]|-k+1]}
(25)

Wherth’YFk“ is the marginal value of an additional employed member of the household in

quartert + k, given that the last negotiations happened k quarters ago in quarter t.

The marginal value of an unemployed member of the household in the beginning of quarter ¢ is

'H,(2)
VtU = xtj ;—It VtN(Z)dZ +(1- xt)(—ll’MRSt + Et{At,t+1th-]Fl})
0

As previously under condition of optimal participation (VY = VN? = 0), the household’s surplus

for quarter t+k given that the last wage negotiation took place k quarters ago is

5 MRSt+k + Et+k{At+kt+k+1[(1 8)(9 St+k+1|t + (1 - 9w)5gk+1lt+k+1)]}

St+k|t Pesk
(26)

The marginal value for the unemployed worker under optimal participation implies

Xt 1 Ht(Z)

YMRS, = - = =St (2)dz(27)

It is straightforward to get a solution to (26) by forward iteration for the case when negotiations
happen in the same quarter (k = 0)

*

t|t =Ly {Z((l - 6)Hw) Atk (PK

- MRSHR)}

+(1 = 0,)(1 = OE{Zio((1 = 5)6u) AesricesSthiraierss }28)

A firm’s surplus from amarginal employee is

W*
St+k|t MRPNt+k|t - P_z + (1 - S)Et{At,t+1(9wa+k+1|t + (1 w)St+k+1|t+k+1)} (29)

The expectations of continuation value are based on the probabilities of overall employee

renegotiations in the next quarter.
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As in the case of flexible wages, the definition of Sf+k|tabove coincides with the expression for

G+ under optimal hiring conditions, thus under optimal hiring

F o _
St+kle = Gerk

Forward iteration of (29) when the wage is set in the same quarter t gives the solution

00 . W
Stﬁt == Et {Z((l - 6)9W) At,t‘l‘k (MRPNt+k|t —_ P_t>}

k=0 t+k

. k
+(1 - Hw)(l - 6)Et {Zk=0((1 - 5)9w) At,t+k+155+k+1|t+k+1}(30)
The Nash bargaining problem under sticky wages is the following

g1-§.r ¢
rr‘}/alx Stie St
t

Optimal sharing rule
£Sile = (1= £)5(30)

Substituting expressions for surpluses into optimal sharing condition gives

B {Zi0((1 - 9)6,) Mg (2= — 015 )} = 030)

Ptik

where
Qi %1e = EMRS .y + (1 = E)MRPN,,4¢(32)
Log-linearization of optimal sharing rule (30) results in
wi = (1= B(1—8)6,) Xio(B(1 — 8)0,) E{wi$yc + pesr)(33)

In contrast to the case of flexible wageswhere the Nash bargained wage should always be equal
to the current period target wage, in the case of sticky wages the Nash bargained wage is an
average of the current and future quarter target wages with the discount factor being a function
of the next quarter utility discount factor 8, the probability that the job contract will not be
exogenously destroyed is1 — 6 and the probability that the current bargained wage will be

effective next quarter isé,,.

Log-linearization of (32) gives
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~tar

Weigit = (1- Y)(ét+k + (PlAt+k) + Y(_ﬁ?ﬂ( + Ay — aﬁt+k|t)(34)

(1-&§)MRPN

where Y =
w/P

. Note that the target wage is calculated for every period for each

employment relation, but it does not mean that the employee negotiates a wage for every
period.For example,@’gﬂdt is the target wage in quarter t + k and the last negotiations for this
employment contract was k quarters ago in t. The above equation states that the targeted wage is
different for two employment contracts if their last negotiations happened indifferent periods and

should be the same if the previousnegotiations happened in the same period.

It is possible to define an average target wage for the economy as a whole by integrating (34)
over all intermediate firms. According to (34),such an average level of target wage corresponds

to the targeted wage for a firm with an average level of employment in the economy
A =1 -Y)(¢ + oly) + Y(—4F + a; — afiy) (35)

Subtracting (35) from (34) gives a relation of the relative target wage with respect to the average
target wage in the economy to relative employment with respect to average employment in the

economy

~tar _ ~tar ~ A~
Wirklt = Witk — aY(nt+k|t - nt+k)

Combining previous relation and relative employment demand (16),a relation of the relative
target wage with respect to average target wage in the economy to relative average wage of new
hires with respect to average wage of new hires in the economy is obtained

DS = Oy + Y(1 = O (&g, — Gk )(36)

where
k
o =kkwi+(1—-k) ) k9w
t+k|t — t t+q
q=1

The derivation of the last equation is made in Appendix A.

Notethat for an extension of Gali (2010) in the form of introducing relative wage flexibility of
new hires, it is stressed that relative employment is determined not by the average wage of all

workers in a firm, but by the average wage of new hired workers in afirm.
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By substituting thetargeted wage equation (36) into the Nash optimal sharing rule wage equation
(33), and after several algebraic manipulations, the following expression is derived for the Nash
bargained wage. (Sketches of derivations are shown in Appendix B.)

wi = A1 BiE{wi 13+ A, (1 - (1 - 5)9w)(w§ar + pe — (1 = Y)Pw")(37)
where

(1 - B(1—6)xb,)
- ,8(1 - S)KHW - (1 - ﬁ(l - 6)9w)(1 - Y)CI)

Ay

1-p1-86,)0-Y)
1-B(1 - 6)k6,,

B, = ((1 -B(1-6)0,)A-Y)P(1—k)— + 1)3(1—6)9W
As shown in Appendix C, the average wage of new hires for the economy as a whole will evolve

according to
wieV = k0, w4 + (1 — k6,,)w; (38)

Combining equations for the Nash bargained wage (37) and for the average wage of new hires in
the economy (38) gives wage inflation for the New Keynesian Phillips curve derived in the
environment of a search and matching model with sticky nominal wages allowing for

heterogeneity in the wage flexibility of newly hired and existing employees.

n_\t/v new _ 1:1C1915’W1 Et{n‘tAirlleW} _Qa- KHW) A,(1 - B(1 - 8)8,)(@rew — @tar) (39)
wherer;” ™" = w**¥ — w*el measures the inflation of wages for new hires and @¢¥ =

wie" — p, measures the real average wages of new hires.

Participation condition of the household expressed in log-deviations from a steady state is

w,new

N B 1 A A
¢+ ol = Tt + g; — Em, (40)

f(W/P) K6y,
(1-8)G (1-k6y)(1-B(1-8)6,)"

higher wage flexibility of new hires is shown in Appendix D.

where £ = The derivation of participation conditions assuming a

2.5 Aggregate demand and output
The hiring costs are in the form of a bundle of final goods with elasticity of substitution,

coinciding with a consumer’s elasticity of substitution ¢. Thus, the production of each final good
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is not only consumed by the households, but also by the firms in order to hire new workers. In

this case, the demand for final good iis Y; (i) = (P’;(i))_g (C; + G H,), where H, = fol H.(j)dj.
t

&

The aggregate output is defined as Y; = (fol Yt(i)%di)g_l, which results in

Yt = Ct + Gth(41)

Note that aggregate demand evolves according to the Euler equation for consumption and the
hiring decisions of firms and the cost per hire.

On the supply side, one can determine the following relation between aggregate intermediate

good production and aggregate final good output
Xe= [y x@di=v, [} (22) i @2)

A\ —E
whereD! = fol (Ptp—(:)) di > 1 reflects efficiency losses resulting from unequal consumption

and production of final goods.

The supply of intermediate goods represents the integrated supply of individual firms

N 1—a
Xe = [} ¥ (Ddj = AN [T (M) aja)

N

Ay 1—a
where D} = 1/ fol (N;I—(tl)> di > 1, capturing efficiency losses from the unequal production of

intermediate goods under decreasing returns technology.

Note that the variation in prices and wages is a result of a staggering assumption of the Calvo
price and wage setting. In the case where the prices may be adjusted in a synchronized way,

technology and preferences imply equal prices goods and wages of all employees.

Combination of previous conditions (42) and (43) allows us to derive the following approximate
up to a first-order relation

Y = AN/ %(44)
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3. Equilibrium dynamics: The effects of monetary policy and

technology shocks

3.1Steady state and calibration

| follow the strategy of calibration proposed byGali (2010). It is assumed that there is no secular
growth and zero inflation in the steady state. Also, the steady state is independent of the degree
of price and wage stickiness and monetary policy, meaning thatthe hiring conditions under
flexible and sticky nominal wages are the same. The calibrated parameters are summarized in
Table 1.

Goods market clearing condition inthe steady state
N1=% = C + SNTxY (45)

Optimal hiring condition inthe steady state

1-a

(1-B(1—8))Tx¥ = f(Mp(l_T)N‘“ - XCL‘P)(46)

A household’s optimal participation condition inthe steady state
(1 —x)§pxCL? = (1 — IV (47)
Definition of job finding rate and time spent on labor market activities
xU = (1 —x)6N(48)
L =N +U(49)

Table 1.Calibration of parameters

Parameter Value
A 1
DP 1
DY 1
N 0.59
F 0.62
U 0.03
UR (Unemployment rate) 0.048
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x , quarterly 0.7
) 0.12
a 1/3
B 0.99
Q@ 5
6, 0.75
0., 0.75
K [1; 0.85; 0.5; 0.01]
y 1
MP(1—1) 1
G 0.045(W /P)
0= ‘SNTG = (0.045)55™ 0.0014
S™ (labor income share) 2/3
r 0.02
& 0.5
Y 0.041
X 155
br 1.5
by 0.5/4

Source: Gali (2010)

As the main purpose of the paper isnormative analysis, | consider the baseline calibration that is

consistent with efficient steady state,in as much asfor that case the quadratic approximation of

welfare losses is a reliable technique for optimal monetary policy analysis.

3.2The effects of monetary policy and technology shocks

In this section the effects of the monetary and technological shocks are studied under different

degrees of relative wage flexibility of new hires with parameter k taking 4 different values,

indicating abaseline case of no relative wage flexibility fornew hires (x = 1), which corresponds

completely to the baseline model of Gali (2010), a moderate and high degree of relative wage

flexibility fornew hires (x = 0.85 and k = 0.5, accordingly) and case of completely flexible

wages fornew hires as compared to the wages of existing workers (x = 0).
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Figure 1 demonstrates the effect of a 0.25-percentage-point increase in the quarterly interest rate
(whichis equivalent to a 1-percentage-point increase of an annualized interest rate) on six macro
variables. The monetary policy shock v is described by an autoregressive process with adegree

of persistence p,, = 0.5 and standard deviation of 0.0025.

Figure 1 indicatesthat both the unemployment rate and employment volatility — and thus labor
force volatility — is reduced with the introduction of a higher wage flexibility fornew hires. The
intuitive explanation is that higher wage flexibility in the case of a contractionary monetary
policy shock leads to a quicker downward adjustment of wages, whichdiscourages participation
in the labor market and thus reduces labor market effort and unemployment. Employment
reduction becomes slightly less, as with a higher wage flexibility of new hires comes a higher
share of employment contracts, which is characterized by renegotiated wages at level that
islower thanthe level before the contractionary shock. Note that inflation volatility increases
slightly in the short-run, which is explained by a higher volatility of the price markup caused by

stronger reaction of more flexible wages for new hires, as was demonstrated in (14).
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Figure 1. The effects of a contractionary monetary policy shock
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Figure 2 shows the response of the six macro-variables to anincrease in the technology parameter
by one percent. Technology parameter a; is described by an autoregressive process with adegree

of persistence p, = 0.9 and a standard deviation equal to 0.01.

In this case, introducing a higher wage flexibility of new hires reduces the unemployment rate
volatility, while the effect on employment volatility depends on the degree of wage flexibility of
new hires. In case of relatively low degree of relative wage flexibility of new hires (x = 0.85)
the employment volatility reduces and then increases as the degree of relative wage flexibility is
higher (for k = 0.5and k = 0). The labor force volatility is reduced unambiguously with the

introduction of higher wage flexibility.

The intuition of obtained results is asfollows. As the wage of new hires becomes relatively more

flexible in the short-run,wages becomes higher than in the more baseline case(x = 1), but, at the
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same time, it becomes less persistent. As the agents are forward looking, it means that a short-
run increase in wages is not enough to increase labor market participation, given that in the
medium and long-run the wage is systematically lower than for the baseline case(k = 1). As
forthe hiring decision, as it is seen in the Figure 2, firms expect lower wages in the medium- and
long-run, when the wages are more flexible, and hire more as compared to the baseline case

ofk = 1.

Figure 2. The effects of expansionary technology shocks

Output Unemployment rate

Note that in the exercises above the implications of changes in the degree of wage flexibility of
new hires are examined for the macroeconomic equilibrium reaction to the shocksallelse being

equal, including the same monetary policy rule (the Taylor type rule describe earlier). In later
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sections it will be shownthat for each level of relative wage flexibility of new hires, the central
bank follows optimal monetary policy that itself depends on the relative wage flexibility of new

hires.

4. Labor market frictions, nominal rigidities, and monetary policy

design

4.1The social planner’s problem
The following problem is faced by the social planner who maximizes a representative

household’s utility

subject to the resource constraint
Ci+ Tx}H, = ANL
and definitions of time spent on labor activities, hiring, and the job-finding rate
L, = N + YU,
Hi =N —(1—=8)Niy

H,

SRTVICI=rS

Note that the social planner is able to internalize the impact of hiring participation decisions on
the job finding rate and, as a consequence, on the cost per hire. Firms and households, who

considered the probability of hiring as being fully exogenous, ignored that effect.

The optimal hiring (or employment) condition according to the social planner’s problem
MRS, = MPN, — (1 - V)(Gt -(1- 5)Et{At,t+1Gt+1}) (50)
Optimal participation (or the level of unemployment) according to the social planner’s problem

YMRS, = V_;Gt (51)
At
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Two previous optimality conditions when considered at the steady state give an optimal steady

state for hiring and participation levels
1+(1-BA-8))x" =1 —a)N%—xCL? (52)
(1 —x)yYyCL® = yI'x1tY (53)

Note that the optimal hiring condition (46) and participation condition (47) in the decentralized
market equilibrium when considered at steady state coincide with the planner’s solutions (50)

and (51) under the following conditions
MP(1-1)=1 (54)

This relation states that in an efficient steady state the market power of firms in thefinal good

sector should be completely offset be the subsidy on purchases of intermediate goods.

§A+y)=1 (55)

The above relation is called a Hosios condition and is presented in the same form as in Blanchard
and Gali (2010), stating that the efficient steady state is characterized by a negative relation

between the bargaining power of firm & and the elasticity of the hiring function y (note, as

shown earlier, in the matching function interpretation of the hiring costs y = 1%{ represents

matching function’s ( M(V,, UQ) = VfUtol_g) relative elasticity of unemployment in the
beginning of quarter (1 — {) with regard to thecreation of a matching function elasticity of
vacancies {). The relative bargaining power of afirm with respect to the bargaining power of
aworker should maximize the efficiency of the matching process or minimizing the hiring costs
and households’ disutility from unemployment for the given level of hiring. The condition
implies that the higher the elasticity of vacancy creation is in the matching function, the higher
the bargaining power of firms should be,as in that case firms would bargain lower wages and
will have a higher incentive to create new vacancies and households would have less incentive to
send its members to the labor market. Such an allocation would avoid so-called congestion
externality in the labor market that results from creation of excessive vacancies or excessive pool

of unemployed individuals searching for a work.

4.20ptimal monetary policy under higher wage flexibility of new hires

Extending Gali’s framework by introducingthe relative wage flexibility of new hires has an

implication for the consumer welfare loss function, derived for the baseline model in Gali
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(2010). Appendix E presents a sketch of the derivation of the extended welfare loss function,
allowing for a higher wage flexibility of new hires. The resulting welfare loss function is the

following

1 - 1—d)2(1—
L E_EOZ,Bt i(rtf)z _I_( )1 -a) w2
2704 \ %,

al},

1+e)1-QN/_  (A-)ypU _\
N CErY) <yt+ N ”t>>

(11— x6,)2(1 - 6,12B)

A 0,1 (1 = 6,)

where ¥y, and i, denote gaps of output and unemployment with regard to constrained

efficiencylevels or natural levels, Q = 1 — % = % measures the gap between a steady state

marginal rate of substitution and a marginal product of labor.

The main difference as compared to Gali’s baseline model is in stressing that the efficiency
losses appear in the model as a result of the staggering in anew hire’s wages and not average
wages and, second, that the coefficient of inflation for wages of new hires wage in the loss
function depends on the degree to which the wages of new hires are more flexible than the wages
of existing workersk. In Gali’s model the average wages of new hires and average wages of all
employees were equivalent, as the new hires completely inherited the stickiness of the existing
employees. An extension proposed here allows higher wage flexibility of new hires, thus

reducing the effect of transferring the wage stickiness of existing workers to that of new workers.
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Figure 3. Equilibrium reaction of variables to expansionary technology shocks under

optimal monetary policy
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Figure 3 illustrates the equilibrium reactions of macroeconomic variables under optimal
monetary policy and for different levels of relative wage flexibility of new hires x. A higher
wage flexibility of new hires modifies the optimal monetary policy in a way that decreases the
volatility of price inflation at the cost of higher volatility of wage inflation. Such a modification
in optimal policy results from the fact that, under higher flexibility ofnew wages,the losses from
wage inflation become lower, while the losses from inflation volatility remain the same, which
motivates the central bank to reduce the volatility of price inflation by increasing the volatility of

wage inflation in such a way that is beneficial for households.

Note that under an extreme case of flexible wages of new hires, orx = 0, optimal policy in

response to a real shock is a full stabilization of price inflation, whichis usually called astrict
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inflation targeting policy. Additionally, Figure 3 illustrates that even a moderately higher wage
flexibility of new hires for k = 0.85, whichis consistent with some survey-based empirical
studies (e.g. ECB final report of wage dynamics network, 2009), reduces the optimal volatility of

price inflation twofold.

5. Conclusions

A higher wage flexibility fornew hires was introduced as an extension of the baselinemodel in
Gali (2010), combining the New Keynesian monetary analysis framework with labor market
frictions.It was shown that the possibility of higher wage flexibility of new hires has an
implication on cruciallabor market decisions made by households and firms, and also on the

form of the socialwelfare loss function that is used to evaluate alternative monetary policies.

In an extended model,the wages within a firm are no longer constant and, thus, the hiring
decision of firms are based on the expected average wage of new hires in each firm,taking into
account the fact thatacertain share xof new hires conduct wage negotiations in the current
quarter, while the rest of the firms(1 — x)get the wage determined by past negotiations in
previous quarters. A higher wage flexibility of new hires plays a role for the hiring decisions of
firms as the average wage of new hires adjusts to macroeconomic shocksquicker than the wage

of existing workers.

A higher wage flexibility of new hires also has an implication for optimal labor market
participation decisionsmade by thosehouseholds that expect a higher probability of receivinga

renegotiated wageand change their labor participation decisions.

A New Keynesian Wage Phillips Curve derived byGali (2010) wasreformulated in terms of the
wage inflation of new hires,as the wage of new hires is crucial in determining firm and
householddecisions and for welfare analysis.A higher wage flexibility of new hires makes the
reaction of wage inflation fornew hiresquicker in response to macroeconomic shocks. Note that
the introduction of higher wage flexibility of new hires did not change the planning horizon for
the bargaining process that is determined by the probability of overallemployee negotiations and
the exogenous probability of job destruction. Although the planning horizon of negotiations
remained the same as in the baseline model of Gali (2010), the present value of the future
marginal revenue of products (that determines the expected targeted wages for negotiations) has
changed as a result of the fact thatsome part of future new employees will be hired at a

renegotiated wage, while existing workers may not renegotiate their wages for long time.
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It was emphasized that the wages of new hires, as opposed to wages of all existing workers,
determine the welfare losses from staggered adjustment of wages, and the welfare loss function
was derived taking into account the degree of the relative wage flexibility of new hires,

calibrated with parameter «.

The optimal monetary policy in the presence ofa higher wage flexibility of new hires is modified
to capture a higher incentive to make inflation more stable, therebyignoring the incentive to
facilitate an adjustment of real wages in response to real shocks. Note that even under
conservative estimates of the possible wage flexibility of new hires, k = 0.85 (when 15% of new
hires renegotiate their wagein quarters when there are no overall firm negotiations), the optimal
price volatility reduces twofold.Therefore, the possibility of higher wage flexibility of new hires
provides support toward propositions of more strict inflation targeting,as opposed to flexible

inflation targeting.

Appendix A. Derivation of the average wage of new hires when the

last overall employeenegotiation was k periods ago

A firm’s average wage of new hires in quarter t + k, where the last overall employeenegotiations

forall workers happened in quarter t is
—new __ —new
Wiik)e = KWOpig_q1;e T (1 —K)wiig

Backward iteration of the above equation results in

k
o =kkwi+(1—-k) ) k0w
t+klt — t t+q
q=1

Appendix B. Derivation of the New Keynesian Wage Phillips curve

for the case of higher wage flexibility of new hires

Substitutingtargeted wage equation (36) into Nash optimal sharing rule wage equation (33) gives
Wi = (1= B(1 = DO)E ) (B - 60, 01
k=0

k
F A=D1 = &) | k47 + (1 =10 Y kB = WL |+ Pra
q=1
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= (1= (L= O)0)E ) (B = 0B, + Penie — (1 =01 — DY
k=0

A

Wi

1-pB801-6)k6,

+(1-B(1-6)6,)A-Y)(1—-D)
+ (1 - B —=8)6,)E: Z(ﬁ(l = 8)6,){(1 = V)(1 — ®)(1 — )Wy}
k=1

The above expression is a solution to the following difference equation with expectations

L 1-B(1 - 8)xh,
we (1 — B -0)xb, —(1-BA-6)6,)A -V - cD))
(1- B(1-8)8,) (@ +p, — (1 - Y)(1 — D)WY)

1—B(1 - 8)Kb,,
¥ (1 ~ B 5B, — A~ B - 06,1 -V - cb))

(1-8(1-6)6,)A-Y)1-P)
<(1_B(1_5)9w){(1_Y)(1_CD)(1_K)}_ =B —0)nb, +1>ﬁ(1

= 8)0wE Wi,

Additional algebraic manipulations allow us to write the above equation in terms of differences

of the type W/, — wiy_, fork = 0,1

. —new _ 1- ﬁ(l _ 6)K9W
wi —wlie = <1 —B(1 -8k, —(1—-B(1-6)6,)1-Y)(1 - ‘D)>

(1 =B =80 (@™ + pe — Wi + W — (1 = V)(1 — ©)w ™)

1-B801-96)kb,
* (1 — B0 =86, —(1- B(1-0)6,)(1 - V)(1 - cb))

(1-p(1-6)6,)1-Y)(1—-P)
<(1—ﬁ(1—5)9W){(1—Y)(1—<D)(1—K)}— T80 = 6)xd, +1)801
= 8)0wE(Wyq — Wi + W) — wiy
Using the relation between wage inflation and average wages w; — v‘Vt’ﬁ” = (1_"59 1 whichis a

reformulated version of (38) in terms of the wage inflation rate, the following modified New

Keynesian Wage Phillips curve is derived
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A;B, (1 —x6y,)
E w
K0, e (i) + ko,

1 — k0
( W)C1

A1 (1= B(1 = 8)0,) (@t — @f™) +—

nl =

ngew

(1 - B —8)Kby)

M =T A= o)k6, - - U - 0)6,)(A -1 - &)

(1-80-8)6,)A -1 -P)
1-pB(01-6)kb,

B, = <(1 -1 -6)6,)A -1 -P)(1—-x)

+ 1>ﬁ(1 — 86,

_Q-p0-866,)A -1 - ?)((1 = KB (L - 6)6,B(1 — 6)6y,)

G 1B - 0)xby — (- BA—0)6,)(L-1)(1 — )

The obtained equation contains nominal wage term w{*¢", which does not have a constant steady
state value and thus an equation with this term could not be used to solve the model using
standard programs such asDynare. Thus, | impose a restriction of C;=0 when solving the model
in Dynare. Note that under the proposed calibration C; is very close to zero and the model
reduces to the standard New Keynesian Wage Phillips, derived byGali (2010) in the absence of a

higher wage flexibility of new hires (fork = 1).

Appendix C. Derivation of the economy’s average wage of new hires

By analogy with the standard Calvo model,the evolution of the distribution of wages in a new

setting with a higher flexibility of new wages is derived here.

For each period after a shock (when all wages are not equal and do not represent a steady state

atom value) the distribution {@7¢" ()} may be described by some pdf functionf; (@™").

Then the share of firms 1 — 6,, represents an atom in f;(@"™®"), with all firms that readjust the
—new

wage set it equal value ofw =w{. There is a share of1— 6, of such firms in the

entiredistribution of firms.

Then the remainingshare of firmsé,, fix the share x of new wages at a level that wasset during
the last their overall employee negotiations and conduct new negotiations with (1 — k) new

workers. Thus, the mean value of the wage of new hires is
o = Bope ()

and the average wage for new hires changes (or wage inflationof new hires)
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w?ew w?ew — E (a)?ewo) —new

= OwE;(k@i<y () + (1 — 1wy — 0psy) + (1 = 6,)E;(we — 07%y) =
= 0, (kE;0tY () + (1 — )w; — @) + (1 — 6,) (Wi — &pey) =
=0, (koY + (1 -—rw —oY)+ 1A -06,)(w — oY) =
=0, -1)(w —o)+ (1 -6,)(w — oY) =
= (6, — kb, +1—-06,)(w; — oY) =
= (1-«k6,)(w; — ey
which is equivalent to (38)

wieW = k0, wi?) + (1 — k6,,)w;

Appendix D. Participation condition under higher wage flexibility of

new hires

The log-linearization of (27) requires the log-linearization of Q, = fl Hf(z)

SH(z)dz, which is up

to first-order approximation and gives

1
Q; EJ SH(z)dz
0
=(1- W)Stlt

+0, <(1 W)Stlt 1T ((1 W)St|t 2t O, (( W)St|t 3t )))

=( w)St|t+9w(1 W)(Stlt 1+9 Stlt 2+9 Stlt 3t )

where

—new
_ Wikl

Stlt k— — MRS; + (1 - 5)Et {At,t+1 (( W)St+1|t+1 + 6 St+1|t)}

t

As was shown in Appendix A:
Opike = Kwf + (1 —K) Z lwiig
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For average wage calculation, it is more convenient to usea different notation showing the

average wage of new hires at t given that the last overall employee negotiationsoccurredat t — k

—new k, . *x _ k—q , *
ey = K wi_, + (1 — k) z K Wi _j4q
q=1

Thus

Stlt k = K" t|t k+(1_K)Z k=q Stlt k+q

Then

Q= (1-x6,) Z(xew) St

q=
Q. = (1—kb,) Z(KHW) (Stlt a = Siie + Stie

Applying optimal hiring condition (11) and optimal sharing rule (31) results in

1-9

Q= Ge + (1 —x6,) Z(KHW) (St|t q tlt

Using the definitions S/f,_ q and Sy results in

we, Wy
Stlt q Stlt th - Tt + 9w(1 6)Et{At,t+k(Sgl-1|t—q - Sgl-ﬂt)}

Applyingthe standard forward-looking solution results in

*

We_
Stlt q Stlt —Et Z At t+k(9w(1 - 5))

P t+k
Substituting the expression obtained above into Q; gives

1— Wnew
Q= ( g {) Gt+( EtzAtt+k(9w(1

+k

A relation between the average wage and wage inflation is derived:
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WReW = (1 — k6,,)w; + K6, Wi

Tynew oynew

= wi —wie = (1 —k6,)(wi —w")

T i = (L KB, — w4 KO, = K8, T — i)

Thus,

Approximate relation holds

W T(—x6,)"
As a result
1-9 K6
Qr = z Ge — (1_:6w) ?eww_EtzAtHk(gw(l—(s)) Prr

Finally, the first-orderapproximation of the above expression gives

t=9:7 1 ff)a (1 - ﬁeim - 6)) (¥>%"?ew’w

)
Q)

Thus,the log-linearized optimal participation condition is

o+ ol = 1 % 43 3 ( 1 >(W) K0,, neww
TP T T T A T H6\1-pe,(1-6))\P)(1—xo,) ™"

Appendix E. Derivation of the welfare loss function under higher

wage flexibility of new hires
The following derivation is based on Appendix 4 of Gali (2010). The loss functionis derived by

combining a second-order expansion of the utility function of the representative household

around the constrained-efficient allocation — meaning that any variablex;, X, is a gap of the form

X, = xp — xOMSeS TRt and the resource constraint. Note that the constraint efficiency

allocation is equivalent to flexible wages and prices equilibrium under an efficient steady state or
that is usually referred to as natural equilibrium.

37



co

_ - 1 1 )
E, Z BT, = —E, Z Bt (T@) (df + ) +5(1+ <p)XL1+<Pz§)
t=0

t=0
where
p . & ,
dy = Evari(pt(l))
L, A=0)Y1-a) ew
4y = —————var (@ ()))

The Calvo pricing environment implies

N tar e Y — Op N t(P)?
2P O) = g 2 )

Modified for the case of higher wage flexibility of new hires, the Calvo wage setting

environment implies

N t —new ;1\l — : Bwkz(l—ew) N t( W
z[f vary{o; (])}_t'l'p'+(1—x0w)2(1—BWKZB);I; (m¥)?

t=0

The relationship above is derived by analogy of the derivation of the relationship between the
present value of current and future variances in wage inflation to the present value of current and
future wage inflations, as in Woodford (2003, Chapter 6) for a classical Calvo price setting. The

derivation was modified to account for the higher wage flexibility of new hires.

Combining the previous results and letting . = —E, Z?’:O/j’tﬁtg denote the utility losses

expressed as a share of steady-state GDP results in

[ee] _ 2 _
14

al;
t=0 w

N| =

L=

1+e)1-QN/_  (A-)ypU _\
L(1—a) <t+ N ut)

where

1. = (1 — 91})(1 — :Bep)

(4 Hp
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_ (1-x86,)*(1-6,K*p)

A*
v ewkz(l - Bw)

_ MRS _ ) B(1+7y)
" MPN MPN
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