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Transmission of recent shocks in a labour-DSGE model
with wage rigidity

Meri Obstbaum? Sami Oinonen, Harri Ponké, Juuso Vanhala and Lauri Vilmi

Abstract

In this paper we analyze features of the recent business cycle with a New Keynesian
small open economy DSGE model with labour market frictions and wage rigidity. The
model complements the existing analytical tools of the Bank of Finland by enabling
detailed analysis of labour markets in a DSGE framework. We illustrate the properties
of the model by presenting how recent shocks explain inflation and economic recovery
in the euro area and Finland, with a specific emphasis on factors that are critical to
explaining current labour market tightness.

Keywords: DGSE model, labour market frictions, wage rigidity
JEL classification: E24, E32, E37, F41

1 Introduction

Labour markets across the euro area have performed well over the last years despite var-
ious economic disturbances and crises. Especially during the recovery from the Covid-19
pandemic employment rates and labour market tightness have risen to high, even record,
levels. However, the evolution of hours of work has been weaker, lagging behind the rise
of employment. A noteworthy feature in European labour markets is that employment and
labour market tightness have remained at high levels even though the business cycle has
more recently weakened due to the energy crisis, high inflation and war related uncertainty.
This potential detachment of the business cycle and labour market tightness on the one
hand, and the relative weakness in hours of work on the other, may alter the transmission
of shocks in the economy and is a challenge for macroeconomic policy.

In this paper we present a New Keynesian model that accounts for the role of labour
market frictions and wage rigidity in shaping business cycle fluctuations in a small open
economy. The focus is on the labour market mechanisms that are particularly relevant for
the Finnish economy, although the mechanisms and the qualitative results of the model apply
more generally to small member states of a monetary union. We illustrate the properties
of the model by presenting how shocks after the Covid-19 pandemic explain inflation and
economic recovery in the euro area and Finland, with a specific emphasis on factors that
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are critical to explaining how strongly wages react to the acceleration in inflation. Although
matching frictions and wage rigidity are key elements for wage dynamics in the model,
it importantly features both the intensive (hours) and extensive margin (employment) of
labour adjustment. This makes the model particularly well-suited to study key features of
the Finnish labour markets in recent years, high labour market tightness and labour shortages
on the one hand, and a fall of hours of work per employee on the other. Bick et al. (2022)
and Lee et al (2023) document these to be common patterns in many European economies
and the U.S. in recent years, which makes the results of the model applicable beyond the
Finnish economy.

According to our simulations, reduction in working hours in particular could explain re-
cent labour market tightness and also increase wage pressures significantly. Increased public
consumption may also have had effects that accelerated inflation. The increase in public
consumption also seems to have tightened the labour market and somewhat accelerated in-
flation. According to model simulations, wage pressures could also increase in the future
due to the recent drop in the price of energy, which could increase overall demand and thus
increase the demand for labour.

The purpose of our model is to complement the existing analytical tools of the Bank
of Finland by enabling detailed analysis of labour markets in a DSGE setting. There is
a long tradition of DSGE modelling at the Bank of Finland. The Aino model (Kilponen
and Ripatti, 2006) was one of the first models of that kind that was operative for both
policy simulations and forecasting. The Aino 2.0 model (Kilponen et al. 2016) featured a
monopolistically competitive banking sector as well as short-term corporate lending. The
most recent vintage, the Aino 3.0 (Silvo and Verona, 2020) builds on the previous work and
introduces a housing market and credit-contrained households into the model. Setting our
study apart from the Aino model, we introduce a small open economy New Keynesian model
including labour market frictions and wage rigidity.

There are a number of studies that feature a similar labour market structure and rigidity
in wage setting. Models with these features are better equipped to reproduce empirically ob-
served business cycles (see, e.g., Guerra-Salas et al., 2021, Christiano et al., 2016, Obstbaum,
2011, Shimer, 2010, and Gertler and Trigari, 2009). Gertler et al. (2008) has been the clos-
est original reference for our present approach. They develop and estimate a medium-scale
DSGE model that allows for labour market frictions and staggered nominal wage contracting.
They find that the model with wage rigidity provides a better description of the data than a
flexible wage version. We employ the model developed in Obstbaum (2011), which features a
similar labour market structure as in Gertler et al. (2008) but extends the model to account
for monetary union membership and for distortionary taxes. Obstbaum (2011) found that a
calibrated model for the Finnish economy with these features provided model moments that
best corresponded to data moments for the time period 1994-2010. The model of Obstbaum
(2011) is estimated using Bayesian Maximum Likelihood methods in (Obstbaum 2012).

The rest of the paper is organised in the following way. In Section 2, we present the
structure of the model, with a specific emphasis on the labour market. In Section 3, we
present the current parametrization of the model. In Section 4, we illustrate the properties
of the model through a simulation exercise describing recent shocks that Finland and the euro
area have faced. Finally in Section 5, we discuss potential further extensions and conclude.



2 The model

2.1 General features

The model is based on Obstbaum (2012). The model considers a small monetary union
member state and builds in this respect on Gali and Monacelli (2005). As in Corsetti, Meier
and Miiller (2009), however, we close the model by assuming a debt-elastic interest rate
instead of complete asset markets. The home country is modelled along standard New-
Keynesian practise comprising households, firms and a public sector. Following Gertler,
Sala and Trigari (2008) we incorporate labour market frictions and, staggered Nash wage
bargaining. However, firms only employ one worker, employment can be adjusted along both
the extensive and the intensive margin (hours of work), and there are distortionary labour
taxes as in Obstbaum (2011).

One advantage of the staggered bargaining approach is that wage rigidity gets the explicit
interpretation of longer wage contracts. Lengthening the duration of wage contracts makes
wages in each period less responsive to economic conditions, and shifts adjustment to the
labour quantity side.

Wages can only be negotiated at specific intervals but hours can be renegotiated in each
period. As a result, hours are more volatile than the number of workers in the model. Hours
are more volatile also in the data due to e.g. overtime hours. A specific feature of the
Finnish labour market is the furlough system which accounts for a large part of employment
adjustment in downturns. As furloughed workers are accounted as workers in the statistics
but their hours are reduced or even zero, this adds to the volatility of hours per workers.
However, the volatility of hours implied by the model is somewhat larger than what is
observed in the data. This could be addressed by introducing an adjustment cost in the
determination of hours but the focus is here instead on the determination of wages.

The wage and price setting decisions are separated from each other. Labour market fric-
tions arise in the intermediate good sector. The wholesale firms buy intermediate goods and
re-sell them to the final goods sector. Wholesale firms operate under monopolistic competi-
tion and set prices subject to Calvo rigidities. Final goods are produced from domestic and
imported intermediate inputs under perfect competition.

The government’s policy instruments include a lump-sum tax, a proportional wage tax
paid by the employees, wage taxes paid by the employers in the form of social security con-
tributions, unemployment benefits and other government transfers as well as a consumption
tax.

2.2 Preferences

As in similar kinds of models, we adopt the representative household approach. This implies
perfect consumption insurance, a key assumption needed to embed the MP model in a GE
framework. Household members perfectly insure each other against variations in labour
income due to their labour market status. This tackles the problem whereby households
are identical but not all of their members are employed. As a result, the employment and



unemployment rates are identical at the household level and across the population at large
(see e.g. Merz, 1995).
The representative household maximizes the expected lifetime utility of its members
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where C;; is final good consumption in period ¢ by household member i, 3r € (0, 1) indicates
an external habit motive, C;,_; stands for aggregate consumption in the previous period, h;;
are hours worked by household member i, and ¢ is a scaling parameter for the disutility of
work. The inverses of p and ¢ are the elasticities of intertemporal substitution and of labour
supply respectively. The household’s (real) budget constraint is
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The left-hand side of the equation describes the expenditures of the household. Con-
sumption C; is subject to a proportional tax 77. As an alternative to consumption, the
household may choose to invest I;. As households own the capital stock, they also bear the
cost of capital utilization A (1) K7_;. In addition, the household can nominal one-period
foreign bonds Btf which are both denominated in the monetary union currency.

The right hand side describes the household’s income sources which consist of after-tax
real wage npthy (1 — 7¢), unemployment benefits (1 — n;) b, lump-sum transfers T?Ift, capital
rental payments from firms ¥, K? | and profit from firm ownership D;. Income is also

received in the form of repayment of last period’s foreign bond purchases. The interest rate
paid or earned on foreign bonds by domestic households R; = Rf_lp (b{_l) consists of the

common currency union gross interest rate R{_l which, for the small member state is taken to

be exogenous, and a country-specific risk premium p (b{fl). The risk premium is assumed
to be increasing in the aggregate level of foreign real debt as a share of domestic output

Bf
(_b{ = _ptg/t)'l

The capital utilization rate v, transforms physical capital into effective capital according
to

Kt = l/thfl (3)

!This is the debt-elastic interest rate assumption which is one of the mechanisms suggested by Schmitt-
Grohé and Uribe (2003) to close a small open economy model. Note that with the current notation a
negative (positive) deviation of the stock of foreign bonds from the steady state zero level implies that the
home country as a whole becomes a net borrower (lender), and faces a positive (negative) risk premium.



Effective capital is rented to firms at the rate rF. The cost of capital utilization per unit
of physical capital is A (14). It is assumed that in the steady state 1, = 1 and A (1) = 0.
A"(1) /A" (1) = n,. The capital accumulation equation is

KP=(1-6" Kl +¢ {1 —-S (I—ﬂ I (4)
t—1
where 0% is the capital depreciation rate and €/ is an investment specific shock. The
investment adjustment cost function S(-) is assumed to have the following properties in the
steady state: S(v,) = S'(7.) = 0 and S"(v,) = n, > 0, where 7, is the economy’s steady
state growth rate. We assume ¢! follows the exogenous stochastic process

log(e}) = (1 — p;) log (eI) + prlog (etI_l) +¢/, where p; € (0,1), ¢/ ud (O,a?)

We leave aside for a moment the labour supply decision, which will be dealt with in
the section describing the labour market, below. Optimal allocations of consumption and
financial assets are characterized by the following conditions

M
A= —2 5
) ®)
Rl (b1)
A= BBy | A ————" (6)
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where A\, = (Cy — 2Cy_1)7¢ is the marginal utility of consumption and 7,1 = Pgl is CPI
inflation.
The nominal rate of return in the domestic economy is R; = pr (b{), where the risk

premium on foreign bond holdings p (b{ ) follows the function

p (bf ) = exp [—%f (bf - 5)} , with v,r >0 (7)

This should ensure the stability and determinacy of equilibrium in a small member state
of the monetary union model 2. In the steady state, the risk premium is assumed to be equal
to one, and the domestic and foreign interest rates are the same. After loglinearization the
above arbitrage relation gets the form

R, = Rl — 7s0]
Furthermore, the first order conditions for capital utilization v;, investment I;, and phys-
ical capital K7 are respectively

2As Gali and Monacelli (2005) point out, along with accession to the monetary union the small member
state no longer meets the Taylor principle since variations in its inflation that result from idiosyncratic
shocks will have an infinitesimal effect on union-wide inflation, and will thus induce little or no response
from the union’s central bank. According to the Taylor principle, in order to guarantee the uniqueness of the
equilibrium, the central bank would have to adjust the nominal interest rates more than one-for-one with
changes in inflation (see e.g. Woodford, 2003)
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where @) is Tobin’s @, the present value of an additional unit of capital divided by the
cost of acquiring one unit of capital, or the ratio of the Lagrange multipliers for the capital
accumulation equation and for the consumer budget constraint. The discount factor is the
same for all optimizing agents in the economy and is hereafter defined as ;s = 38° At“.

2.3 The labour market

2.3.1 Unemployment, vacancies and matching

The labour market brings together workers and intermediate good firms. The measure of
successful matches m; is given by the matching function

my (g, vy) = opulvy 7 (11)

where u; and v; are the aggregate measures of unemployed workers and vacancies. my is
the flow of matches during a period ¢, and u; and v; are the stocks at the beginning of the
period. The matching function is increasing in both vacancies and unemployment, concave,
and homogeneous of degree one. The Cobb-Douglas form implies that o is the elasticity of
matching with respect to the stock of unemployed people, and o, represents the efficiency of
the matching process. The probabilities that a vacancy will be filled and that the unemployed
person finds a job are respectively

=" =00 (12)
Ut
m —0

qfv - O} (13)
Ut

so the probability of a firm to fill a vacancy ¢/ is decreasing and the probability of an
unemployed worker finding a job ¢;" is increasing in labour market tightness f; = Z—i

In the beginning of each period, a fraction of matches will be terminated with an ex-
ogenous probability p; € (0,1). The separation rate evolves according to the autoregressive
process

p d
log(pr) = (1= py) log (p) + p,log (pi—1) + €/, where p, € (0,1), ¢/ ~ N (0,07)



Labour market participation is characterised as follows. The size of the labour force is
normalised to one. The number of employed workers at the beginning of each period is

= (1= pr) 1 +mi (14)

where the first term on the right hand side represents those workers who were employed

already in the previous period and whose jobs have survived beginning-of-period job de-
struction, and the second term covers those workers who got matched in the previous period
and become productive in the current period. After the exogenous separation shock, the sep-
arated workers return to the pool of unemployed workers and start immediately searching
for a job. The number of unemployed is u; = 1 — ny.

In the steady state an equal amount of jobs are created and destructed:

JC =JD <= m = pn. (15)

2.3.2 Wage bargaining

Job creation takes place when a worker and a firm meet and agree to form a match at a
negotiated wage. The wage that the firm and the worker choose must be high enough that
the worker wants to work in the job, and low enough that the employer wants to hire the
worker. These requirements define a range of wages that are acceptable to both the firm and
the worker. The unique equilibrium wage.is, however, the outcome of a bargain between the
worker and the firm.

The structure of the staggered multiperiod contracting model follows Gertler, Sala and
Trigari (2008) but includes also the intensive margin of adjustment of the labour input (hours
worked per worker) as well as distortionary taxes. For comparison, the period-by-period
bargaining outcome is presented in the appendix. The idea of staggered wage bargaining
is analogous to Calvo price setting. Rigidity is created by assuming that a fraction v of
firms are not allowed to renegotiate their wage in a given period. As a result, all workers
in those firms receive the wage paid the previous period w; ; partially indexed to inflation.
The constant probability that firms are allowed to renegotiate the wage is labeled 1 — 7.
Accordingly, ﬁ is the average duration of a wage contract. Thus, the combination of wage
bargaining and Calvo price setting allows to give an intuitive interpretation to the source
of wage rigidity instead of more or less ad hoc formulations. Period-by-period bargaining
corresponds to the special case of v = 0.

As in the standard Mortensen-Pissarides model, it is assumed that match surplus, the
sum of the worker and firm surpluses, is shared according to efficient Nash bargaining. In
the baseline model, wages and hours are negotiated simultaneously. The firm and the worker
choose the nominal wage and the hours of work to maximize the weighted product of their
net return from the match. When wages are rigid, it is assumed that as new matches become
productive, they enter the same Calvo scheme for wage-setting than existing matches. This
is an important assumption for wage rigidity to have an effect on job creation. Gertler and



Trigari (2009) argue that after controlling for compositional effects there are no differences
in the flexibility of new and existing worker’s wages.?
The contract wage wy is chosen to solve

max [H, (r)]" [, (r)]' ™" (16)

subject to the random renegotiation probability. H;(r) and Ji(r) are the matching surpluses
of renegotiating workers and firms respectively, and 0 < 7, < 1 is the relative measure of
workers’ bargaining strength. The value equations describing the worker’s and the firm’s
surplus from employment are the key determinants of the outcome of the wage bargain. We
assume that the bargaining power of workers 7 is subject to shocks € as follows

log(m) = (1 — py) log (n) + pylog (m—1) + €, where p, € (0,1), €/ YN (0.072)

Workers The value to the renegotiating worker of being employed consists of after-tax
labour income, the disutility from working, expressed in marginal utility terms, and the
expected present value of his situation in the next period. In the case of non-renegotiation,
the past nominal wage is partially indexed to CPI inflation [} (7!7¢*)] as in Smets and
Wouters (2003) or Christoffel, Kuester and Linzert (2009).

W) = %ht (1—7)— %9
+E B 41 {(1 — Pr+1) [’YWt+1 (w;f [th“’ (Wl_gw)]) +(1—7) Wt+1(w:+1)]
+ pr11Us1 } (17)

The value to the worker of being unemployed is

U(r) = b+ BB [ Wagnr + (1 — @) U] (18)

where the first term on the RHS is the value of the outside option to the worker, i.e. the
unemployment benefit b, and the second term gives the expected present value of either
working or being unemployed in the following period. Unemployed workers do not need to
take into account the probability of job destruction even if they get matched because of the
timing assumption. A match that has not yet become productive cannot be destroyed. Note
that the value for the worker who is currently unemployed to move from unemployment
to employment next period is W, ;.,, the expected average value of being employed. New
matches are subject to the same bargaining scheme as existing matches, and therefore the

3E.g. Pissarides (2009) and Kilponen and Vanhala (2014) argues the opposite: that wages of newly hired
workers are volatile unlike wages for ongoing job relationships. This would mean that there is wage rigidity,
but not of the kind that leads to more volatility in unemployment fluctuations.



new worker does not have a priori knowledge of whether the firm he will start working for
will be allowed to renegotiate its wage*.

Combining these value equations gives the expression for the renegotiating worker’s sur-
plus

Hy(r) = Wi(r) —Uyr)
_wy g ()
Ftht(l—Tt)—Tt—b
+FE B {(1 — Pri1) [’YHtH(w: [wa (7176"’)]) +(1—7) Ht+1(w:+1)}
— ¢ Hyp1} (19)

Intermediate firms For the renegotiating firm, the value of an occupied job is equal to
the profit of the firm in the current period net of payroll taxes s; and capital rental payments
r¥k;, and the expected future value of the job

Ji(r) = o f (ke he) — %ht (1+ s0) — riky
+E:Brr1 (1 — pria) [’YJtH(’w: [wa (Wl*gw)}) +(1—-7) Jt+1(w;€k+1)} (20)

where 1z, is the relative price of the intermediate sector’s good.

As in Gertler, Sala and Trigari (2008) capital is introduced into the model assuming
that there is a perfect rental market for capital goods. In the present framework with only
one worker per firm, as capital is costly, the firm only rents it when the job becomes active
(the firm finds a worker). The capital rented by firms becomes a part of the value of an
occupied job (see Pissarides, 2000, ch. 1). f (ks 2:h:) = ki *(2:hy)® is the per worker
production function, where k; = 5—: is the capital-labour ratio. The corresponding aggregate
production function is f (K, nyzh;). The marginal product of an extra hour of work in
the match is mpl, = aki= (zhy)* " = afkeztht) - ond the marginal product of capital is

I
mpk; = (1 — ) M The firm rents as much capital as is necessary to maximize the

value of the job. The maximization of Jy(r) w.r.t. k; yields the equilibrium condition for an
individual firm’s capital stock

xympk, = Tf (21)

*Accordingly, the average surplus from working is Hyyy1 =  yHppa(we [m7e (7'750)]) +
(1 =) EyHyyq (wiyy). If the worker starts working in a firm that is not allowed to renegotiate, he will
get last period’s average wage partially indexed to inflation. This is because in the one firm - one worker
setup of this paper also firms in new matches are new, they cannot have negotiated a contract wage in the
previous period.



Labour-augmenting productivity z; is identical for all matches and follows

log(z) = (1 — p.)log (2) + p. log (21-1) + €, where p, € (0, 1), & £ N (0,0?)

The value to the firm of an open vacancy is

Vi=—ki + Efrin {Qf [’YJtH(wt [wa (ngw)}) +(1-9) Jt+1(w:+1)} + (1 - Qf) ‘/t+1}
(22)
The value of a vacancy consists of an exogenous hiring cost x;, and of the expected value
from future matches. Vacancy costs are subject to shocks

log(k) = (1 — pe)log (k) + pxlog (ki_1) + €7, where p, € (0,1), eF % (0,07)

The introduction of capital does not affect the value of a vacant job V; since firms only
rent capital upon finding a worker. In equilibrium, all profit opportunities from new jobs
are exploited so that the equilibrium condition for the supply of vacant jobs is V; = 0. With
each firm having only one job, profit maximization is equivalent to this zero-profit condition
for firm entry. Setting the equation for V; as zero in every period gives:

;—;:Eﬁqu [V Tps1 (we [75e (7)) + (1= 7) T (wiyy)] (23)

t

This vacancy posting condition equates the marginal cost of adding a worker (real cost times
mean duration of vacancy) to the discounted marginal benefit from a new worker. After
taking into account the free entry condition, the firm surplus reduces to J;.

For later use, it is useful to note that the total real profits of the intermediate sector
firms, which are paid to the families that own them, is

(33

DtI = / |:.I‘?k'z-1ta (Zthit)a — —Z})jt hit (1 + St) — Tfl{it di — R¢U¢. (24)
t
0

Multiperiod bargaining set up Unlike with period-to-period bargaining, in the presence
of staggered contracting, firms and workers have to take into account the impact of the
contract wage on the expected future path of firm and worker surplus. Accordingly, the first
order condition for wage-setting is given by:

neDeJy (1) = (1 —ng) X Hy (1) (25)

where the partial derivatives of the surplus equations w.r.t. the wage A, = Ptag—;(;) and

10



Y= —Ptagt—ufzn) denote the effect of a rise in the real wage on the worker surplus and (minus)
the effect of a rise in the real wage on the firm’s surplus respectively (see Appendix for
details).

At = ht (1 - Tt) + Etﬁt,t—i—l (]_ - Pt+1) Y [ﬂfw (WI_Ew)] 7Tt_+11At+1 (26)

Et = ht (]. + St) + Etﬁt,t—&—l (1 - Pt+1) Y [wa (Wl_gw)} 77—15__5_11215—1—1 (27)

These expressions can be interpreted as the discounting factors for the worker and the
firm (respectively) for evaluating the value of the future stream of wage payments. As wage
contracts extend over multiple periods, agents have to take into account also the future
probabilities of not being allowed to renegotiate the wage, or of not surviving exogenous
destruction. In the one firm - one worker setup, used in this paper, the discounting fac-
tors would be equal across agents unless distortionary taxes were breaking this symmetry®.
With staggered bargaining, labour taxes enter the discounting factor equations of the agents
implying that workers and firms also take into account the future path of taxation in their
negotiating behaviour. Asis apparent from the loglinearized forms of the discounting factors,
presented in the Appendix, both the worker’s and the firm’s marginal tax rate effectively
reduce the worker’s relative bargaining power, and consequently his share of the surplus.
This effect on the division of match surplus is amplified by staggered bargaining. In the
limiting case of period-by-period bargaining, v = 0, the partial derivatives of the surpluses
w.r.t. the wage reduce to Ay = hy (1 — 1), and X, = hy (1 + s;), and the first order condition
accordingly reduces to its period-by-period counterpart n (1 — ) J; = (1 — ) (1 + s;) H;.

Given that the probability of wage adjustment is i.i.d., and all matches at renegotiating
firms end up with the same wage wj, the evolution of the nominal average hourly wage in
the economy can be expressed as a convex combination of the contract wage and the average
wage across the matches that do not renegotiate, after taking into account the indexation
scheme.

" wgy

W = (1= 7) Wiy +7 /0 2 [ (172)] d (28)

Wage dynamics The staggered bargaining framework has implications on the behavior
of workers and firms. To describe wage dynamics in the presence of staggered contracting,
we will develop loglinear expressions for the relevant wage equations in the same way as in
Gertler, Sala and Trigari (2008). The contract wage is solved by first linearizing the first
order condition

5In Gertler and Trigari (2009), this is not the case. Differences in the worker’s and the firm’s optimization
perspectives, a "horizon effect", arises because large firms take into account possible changes in future hiring
rates. The effect of distortionary taxes is different. Proportional tax rates influence the division of the total
surplus from a job in equilibrium, irrespective of the bargaining horizon (see Pissarides, 2000, chapter 9).

11



~ ~ ~ ~ 1 N
Jt(T) + At = Ht(T) + Et - 1 Tt (29)

and then plugging into the FOC the value equations and discounting factors for the worker
and the firm respectively in their loglinearized form. The latter, as well as the derivation of
the contract wage, are presented in detail in the Appendix. The resulting contract wage is

wy; =1[1—4] zﬁ? (1) + LBy (Rs1 — €wTe) + LBy, (30)

where « = (1 —p)~. This is the optimal wage set at time ¢ by all matches that are
allowed to renegotiate their wage. As is usual with Calvo contracting, it depends on a
wage target w?(r) and next period’s optimal wage. As the probability of not being able to
renegotiate the wage approaches zero y — 0, : — 0, and the contract wage, w;, approaches
the period-by-period Nash wage.

Unlike in the more conventional set up of New Keynesian models, where Calvo wage
contracting is combined with a monopolistic supplier of labour, the target wage here also
includes a spillover effect that brings about additional rigidity on top of that implied by the
Calvo scheme alone. Gertler and Trigari (2009) show how these spillover effects result from
wage bargaining. The target wage can then be decomposed into two parts

Wy (r) = @0, + pul By [0e11 — @) (31)

(1(_1”_)f )qw is the spillover effect®. The spillover coefficient is positive, indi-

cating that whenever the expected average market wage F,w;,; is higher than the expected
contract wage F,wy, |, (reflecting unusually good labour market conditions), this raises the
target wage in the negotiations. Thus, wage rigidity and the resulting employment dynamics
are not only a product of the Calvo-type rigidity in wage setting, but also of the spillover
effects from the Nash bargaining process.

The spillover-free component of the target wage is of the same form than the period-by-
period negotiated wage, adjusted for the multiperiod discounting factors.

where pgl' =

0} = ¢o (/ft + mplt) — Pk (?f + ki) + ommrs, + o By (@\;W + Hiy (w:+1) + 5t,t+1)
—onhe — @551+ T + QT + Oy [Etﬂ - At+1} + gl + P (32)

Increases in the productivity of the match, in the marginal rate of substitution of the
worker /consumer, in the value of the worker’s outside option, in the labour tax of the worker
or the consumption tax, and in the bargaining power of the worker raise the target wage in
the negotiations, whereas, increases in the cost of capital, in working hours per worker and

In Gertler and Trigari’s (2006) original framework, there is also an indirect spillover effect because the
expected hiring rate of the large renegotiating firm affects the bargaining outcome. In the present one worker
per firm setup that effect disappears.
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in the firms’ social security contributions lower the target wage. Finally, combining all the
relevant elements of the wage bargaining outcome yields a second-order difference equation
for the evolution of the average wage (see Appendix for detailed derivation)

Wy = Ny (W1 + €Tt — ) + XY + A Ey (011 + Teg1 — EwTt) (33)

Due to staggered contracting, w; depends on the lagged wage w;_;, the spillover-free
target wage @7, and the expected future wage Eyw, ;.

2.3.3 Determining hours of work

While matches are restrained to renegotiate the wage only with a given exogenous probability,
hours per worker can be renegotiated at each point in time. With efficient Nash bargaining,
optimal hours of work can be found from the following first order condition obtained by
differentiating the Nash maximand w.r.t hours

g ()
Ay

where f}; is, as before, the marginal product of the labour input i.e. hours, and which, using
the expressions for the production and utility functions, can be written as

(1 =71 wefne = (14 5)

(1 — 1) xgmply = (1 + s¢) mrs, (1 4 1) (34)

This optimality condition equates the value of marginal product to the marginal rate of
substitution between work and leisure, and resembles, thus, to the corresponding condition
in a competitive labour market. However, with labour market frictions, while the hourly
wage is such that the marginal cost to the worker from working is equal to the marginal
gain to the firm, neither of these measures needs to be equal to the wage. It is important
to observe that the optimality condition for hours determines the optimal hours per worker,
i.e. the intensive margin of labour adjustment. This individual labour input of a worker is
determined irrespective of the wage. But the model also allows for labour adjustment in the
number of workers, as defined by the vacancy posting condition and the matching function.

2.4 Final good firms

There are two types of final goods firms. One produces private consumption goods and the
other type of final goods firm produces public consumption goods’.

"This is a standard assumption in New Open Economy Macro Models that assess fiscal policy. E.g. in
Obstfeld and Rogoff’s (1996) extension of the Redux model, government spending is introduced as a basket
of public consumption goods aggregated in the same way as for private consumption.
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2.4.1 Private consumption good

The private consumption good is a composite of intermediate goods distributed by a contin-
uum of monopolistically competitive wholesale firms at home and abroad. Wholesale firms,
their products and prices are indexed by ¢ € [0,1]. Final good firms operate under per-
fect competition and purchase both domestically produced intermediate goods yp+ (7) and
imported intermediate goods yg, (). They minimize expenditure subject to the following
aggregation technology

o

w—1
€ R €
e—1 “

—1

g

—1

!
g

e—

1 1
/ v (1) di LW / yro (i) 5
0 0

S di

4=

Co=|(1-W)

(35)

where @ measures the trade price elasticity, or elasticity of substitution between domes-
tically produced intermediate goods and imported intermediate goods in the production of
final goods for given relative prices, and W is the weight of imports in the production of
final consumption goods.The parameter ¢ > 1 is the elasticity of substitution across the
differentiated intermediate goods produced and distributed within a country.

The optimization problem determining the allocation of expenditure between the individ-
ual varieties of domestic and foreign intermediate goods yields the following demand curves
facing each wholesale firm

Y (i) = (]L(Z)> h Y (36)

i) = (2212 v (37)

where Py, and Pr, are the aggregate price indexes for the domestic and foreign inter-
mediate goods respectively

1

Py, = / pry (1) di (38)
L O
M1

Ppy = / pry (1) ° dz} ) (39)

To determine the optimal allocation between the domestic and imported intermediate
goods, the final good firm minimizes costs Py Yy ++Pr:Yr; subject to its production function
or aggregation constraint. This yields the demands for the domestic and foreign intermediate
good bundles by domestic final good producers
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where P; is the home country’s aggregate price index, or consumption price index

1

P=(1-Ww) P}{j;” + WP};W) = (42)

At the level of individual intermediate goods the law of one price holds®. That, together
with the assumption that the weight of the home country good in the foreign consumer
price index is infinitesimally small, implies that Pg; is equal to the foreign CPI Ptf (see
Gali-Monacelli, 2005).

2.4.2 Public consumption good

The public consumption good is composed of only domestic intermediate goods g; (¢). This
assumption implies, contrary to e.g. the Redux model, full home bias in government spend-
ing. This simplifying assumption can be supported by the observation from input-output
tables that the use of foreign intermediate goods in government spending is significantly
lower than in private consumption.

G, - / g (i) di (43)

Each wholesale firm ¢ selling intermediate goods to the public consumption good producer
faces the following demand schedule

i = (2) e, (1)

8Note, however, that due to home bias in consumption the basket of consumed goods may differ in the
two areas, and therefore purchasing power parity does not hold.
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2.5 Wholesale firms and price setting

The wholesale firms buy the homogeneous intermediate goods at nominal price py,x; per
unit and transform them one-to-one into the differentiated product. As in most models that
incorporate labour market matching into the NK framework, the price setting decision is
separated from the wage setting decision to maintain the tractability of the model®. Price
rigidities arise at the wholesale level while search frictions and wage rigidity only affect
directly the intermediate goods sector.

There is Calvo-type stickiness in price-setting and the relative price of intermediate goods
x; coincides with the real marginal cost faced by wholesale firms. In each period, the whole-
sale firm can adjust its price with a constant probability 1 — & which implies that prices are
fixed on average for 1%5 periods. The wholesale firm’s optimization problem is to maximize
expected future discounted profits by choosing the sales price pg, (i), taking into account
the pricing frictions and the demand curve they face. It is assumed that the wholesale firm
sells the home-country intermediate goods for the same price for domestic and foreign final
goods producers, and for the domestic government.

The first order condition for the pricing decision of a wholesale firm that reoptimizes at
tis

oo .
P\t . .
B3 | () s ) = s ()] =0 (15)
J H,t+s

where y; (i) is the demand of firm #’s product by domestic private consumption good
firms, foreign private consumption good firms and the domestic government as outlined in
the previous section

) = s )+ v ()40 = (20} yp

where Y,” stands for total demand for domestic intermediate goods. All wholesale firms
are identical except that they may have set their current price at different dates in the past.
However, in period t, if they are allowed to reoptimize their price, they all face the same
decision problem and choose the same optimal price pj;,. Using the definition of the discount
factor and rearranging, the FOC can be rewritten as

EtZgﬁsAf\—T [(1 —e) < Pirg ) +ext+s} (p*l ) ( Pirg >_6 Y2, =0  (46)
5=0

PH,t+s Hit PH,t—l—s

X
Pu ¢
Py ¢

which can be solved for to yield the following pricing equation

00 €
s 28 Nits Py t+s D
B s, (2e) vp,
s=0 ’

p*}Lt . ( >
Py, \e—1 & o P\
Hyt EtzogsﬁsAtA_t (ﬂ) Yt?s
s=

Pp ¢

(47)

% A number of extensions merge the intermediate and retail sectors so that there are interactions between
wage and price setting at the level of the individual firm. E.g. Christoffel et al. (2009) assess the implications
of that specification for inflation dynamics.
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where 5 = p is the flexible-price markup. This is the standard Calvo result. In the
absence of price rigidity, the optimal price would reduce to a constant markup over marginal
costs. Log-linearizing the FOC around the steady state yields the New Keynesian Phillips

Curve where domestic inflation depends on marginal costs and expected future inflation

%H,t = v+ 5Et7T\H,t+1 (48)
where p = (=00-¢6)

Total real profits of the wholesale sector firms are

DE = n/ [(p ]fj_’,;(:) - a:t> » (i)] di. (49)

2.6 Fiscal policies

The public sector’s role in this economy is to collect taxes and use them to finance unem-
ployment benefits and lump-sum transfers as well as government spending G;. We make the
simplifying assumption that the government budget is balanced in each period with the help
of lumpsum transfers. In real terms, the government budget constraint thus reads as

TR w P
Ttt = ntéht(ﬁ + St) + thct — %Gt — but (50)

The per period lumpsum transfers thus depend positively on tax revenue from labour
taxes or consumption taxes. On the other hand, transfers have to be cut if government
spending or unemployment benefit expenditure increase. Government spending is subject to
shocks

1Og(Gt) = (1 - pG) 1Og(a) + pa log(Gt—l) + EtGJ where PG € (07 1)7 Ef %l (07 O-é')

2.7 Equilibrium

For each intermediate good, supply must equal total demand. The demand for good ¢ is, as

pa,(%)
Py ¢

diate goods by domestic and foreign final goods firms and the domestic government. Using
the expressions for the demands for domestic intermediate good bundles derived previously,
this can be written as

—&
shown previously, y; (i) = ( ) Y,P, where VP is total demand for domestic interme-
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yt(i):(fmﬁi@'))_s{(l_vv) <PT§?>_ ct+w<];§t”>_wcg‘+at} (51)

Following Gali and Monacelli (2005) defining an index for aggregate domestic demand
=1

1 _
= [ [y (z)i1 di] allows us to rewrite this as
0

D P\~ Py "7 p
Vi=01-W)(—= CH—W —F Cl + Gy
P, Py
Aggregate demand for domestic intermediate goods has to equal their aggregate supply
minus the resources lost to vacancy posting and the costs of capital utilization, leading to
the home economy’s aggregate resource constraint

P\ Pr.\
Y, =(1-W) (%) Ot+W<]fft> Cf + G+ A(w) KP | + kv, (52)
t

where the demand for domestic intermediate goods by foreign final goods firms follows
the AR(1) process

log(C{) = (1 = per) 10g(CT) + per log(CLL,) + €, where pes € (0,1), ¢ % N (0,02))

While the above resource constraint equation states that in equilibrium domestic output
has to equal its usage as consumption, exports and government spending, market-clearing
in the intermediate good sector also requires

1/; = Ktlia (ntztht)a (53)

The net foreign asset position (in real terms) is determined by the trade balance - the
difference between domestic output and domestic consumption.

B! B, Py Py, Pu.
Pt R{ 1P (bw{ 1) ]tgtl = TttY} Cy— I — —th A(n) KP_| — ?tt/ftvt (54)

This relation is obtained by combining the consumers’ budget constraint, the govern-
ment’s budget constraint and the economy’s aggregate resource constraint as well as the
equation for total real dividends accrued to households, i.e. the sum of the profits in the
intermediate and wholesale sectors

P P
Dt = %m — nt?tht (1 + St) Kt — %K}tvt (55)
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3 Model parametrization

The current model parametrization is mainly based on Obstbaum (2012) and uses a com-
bination of estimation and calibration. The parameters of the model have been estimated
and calibrated to fit the Finnish economy, but the interpretation and logic of the results
can be generalized more broadly to a small member state of a monetary union. The current
parametrization is to be viewed as a starting point for further development of the model.
For a detailed discussion on the estimation and calibration, we refer to Obstbaum (2012).

The model has been estimated in Obstbaum (2012 in log-linearized form using Bayesian
Maximum Likelihood methods described in e.g. An and Schorfheide (2007). Parameters are
either matched to the sample means of steady state values of the observed variables using
Finnish data in the period 1994Q1-2010Q3 ("great ratios") or taken from evidence found in
micro level studies. The parameters for which such empirical observations are not available,
are fixed using standard ranges of parameter values in the business cycle and labour market
matching literature. Used parameter values are summarized in Table 1.

Table 1. Fixed parameter values

Parameter Value Explanation

Preferences

6 .992 Time-discount factor

qb 5) Labour supply (Frish) elasticity of (0.2
0 1.5 Risk aversion

a4 0.6 External habit persistence

Labour market

« 0.67 Labour elasticity of production

o 0.6 Elasticity of matches w.r.t. unemployment
Om 0.6 Efficiency of matching

P 0.06 Exogenous quarterly job destruction rate
n 0.6 Bargaining power of workers

b 0.4 Unemployment benefits

z 1.1 Technology, targets output Y =1

Y 0.7 Calvo wage parameter

Ew 0 Wage indexing parameter

Capital

5]9 0.025 Capital depreciation rate

Nk 2.4 Capital adjustment cost elasticity

Yof 0.05 Debt-elasticity of interest rates

n 0.7 Sensitivity of capital utilization rate
Wholesale sector

g 6 Elasticity of substitution, implies a markup of 20 percent
f 0.75 Calvo price parameter

Final goods sector

w 2 Trade price elasticity

w 0.1 Import content of final goods production
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Table 2. Steady state ratios

Variable Value  Description

Y 1 Output

C 0.57  Private consumption

I 0.22  Private investment

G 0.2 Government spending

RV 0.01 Total vacancy costs

u 0.1 Unemployment rate

n 0.9 Employment

qu 0.54  Probability of finding a job
qf 0.7  Probability of finding a worker
b/(wh(l - T)) 0.64 Net replacement rate

nwh 0.5  Wage bill

TC 0.11 Consumption tax

T 0.15  Labour tax rate on employee
S 0.12 Employers’ social security contribution
TR / Tl 0.04 Lump-sum transfers

The steady state values of key model variables implied by the current parametrization
can be found in Table 2. The steady state equations of the model are, in turn, provided in
Appendix A.1. In the steady state, output is normalized to one, so that GDP components
can be interpreted directly as percent shares of GDP.

4 Model simulation: Demand and supply shocks have
raised inflation significantly

In this section we present simulations based on our model. We examine the effects of shocks
that the Finnish and euro area economies have faced after the Covid-19 pandemic. As
mentioned earlier, the parameters of the model are based on the Finnish economy, but the
results can be generalized more broadly to the small member state of the monetary union.
Since monetary policy is exogenous in the simulations, we do not examine or take into
account the role of monetary policy in balancing the shocks.

We illustrate the recent developments in the Finnish and euro area economies through
four calibrated shocks presented in Table 3. The calibration is based on developments in
the Finnish and euro area economies after the Covid-19 pandemic until the end of 2022.
It should be noted, that instead of evaluating exact quantitative effects, the main focus in
the simulations is to analyse the transmission channels of the factors that affect the real
economy and accelerate inflation.'® We pay specific attention to the effects of the shocks on
the tightness of the labour market and further to price and wage pressures.

19Gimulated effects of different shocks are sensitive to the chosen parameter values and to the persistence
of the shocks. For example, in the case of import price and working hours shocks higher wage indexation
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Table 3. Shocks used in the simulation

shock size persistence
public demand growth, pg 3% 0.8
export demand growth, p s 1% 0.95
import price increase, pp s 20% 0.95
marginal rate of substitution between consumption and hours worked, pprrs —2% 0.8

First, we examine the effects of public demand growth (shock size 3% and quarterly
persistence 0.8). Recent crises increased public demand by an exceptional amount. After
the Covid-19 pandemic broke out, governments supported households and companies in
many ways in order to prevent bankruptcies and widespread unemployment. With the war
of aggression initiated by Russia and the resulting energy crisis, new support measures were
introduced and existing ones were extended. As a result, debt levels increased and the
balance of public finances deteriorated.

Second, we employ a shock on export growth (shock size 1% and quarterly persistence
0.95). Euro area external demand has recovered from the collapse in exports triggered by the
pandemic. Finnish exports have also recovered, but remain modest compared to pre-crisis
forecasts.

The third shock concerns import price increases (shock size 20% and quarterly persistence
0.95). Energy prices and, with them, also import prices, began to rise strongly already at
the end of 2021, when the pandemic receded and the economy got back on track. The rise
in import prices was clearly accelerated by the faster-than-anticipated recovery following the
pandemic and simultaneous problems with the availability of goods and materials, as well
as bottlenecks in international freight traffic. This led to significant supply and demand
imbalances. The Russian attack on Ukraine led to an energy crisis in Europe, as a result of
which energy and import prices rose even further.

Finally, the fourth shock is a decrease of the marginal rate of substitution between con-
sumption and hours worked (size of the shock -2% and quarterly persistence of 0.8). This
shock decreases working hours per employee initially by roughly 1.3%. The Covid-19 pan-
demic caused a strong shock to the euro area labour market. Both total working hours
and hours per employee fell significantly. Pre-pandemic levels in total working hours were
reached in the first half of 2022. On the other hand, the average working hours per person
have remained more clearly and permanently below the pre-pandemic level. During 2022, the
number of working hours has remained somewhat unchanged and at the end of the year, the
number of working hours per employee in the euro area was still 2% below the pre-pandemic
level. In Finland, the dynamics of working hours in recent years differs from the development
of the euro area. The total number of working hours in Finland decreased after the outbreak
of the pandemic, but unlike in the euro area, the number of working hours per employee fell
only temporarily. The total number of working hours in the economy improved quickly in
Finland, like in the euro area, returning to the pre-pandemic level in early 2021. However,
the number of working hours per employee have decreased modestly since 2021.

parameter, ey = 0.7, would affect the responses of nominal and real wages by some 0.1-0.2 percentage
points. Compared to no indexation, this would slight increase volatility of real variables and lead to slightly
higher unemployment. However, this would not have impact on the qualitative interpretation of the impacts
of the shocks.
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All the shocks presented above, which describe the developments observed in Europe and
Finland, also accelerate inflation according to model simulations. The increase in public
consumption has accelerated inflation, but changes on the supply side, i.e. a decrease in
average working hours and increased import prices, are also reflected in the inflation rate.
In 2022, inflation in the euro area averaged 8.4%, ranging from 5.9% in France to 19.4% in
Estonia. In Finland, inflation was 7.2%. The shocks in our simulation are able to partly
explain the acceleration in inflation. However, factors that accelerated inflation, which have
not been taken into account in the model simulations, are, for example, the effects of global
supply chain disruptions caused by the Covid-19 pandemic, the spillover of import prices
also to the prices of domestic value added and possibly further to wages (see the simulation
below), and the recovery of price levels from the low price levels of the pandemic year 2020.
In this simulation, the inflationary effects of the shocks appear to be rather short-lived, but
the exact timing and magnitude of the effects of the shocks are sensitive to the estimated
and calibrated model parameters.

4.1 Findings of the simulation

The findings of the simulation exercise are presented in this Section. We first discuss the
impulse responses of each individual shock (Figures 1-4) All the examined shocks initially
accelerate inflation, but their effects on the real economy, i.e. the labour market and total
output, are different.

We first examine the effects of the two supply shocks, i.e. the fall in average working hours
(induced by a shock on the marginal rate of substitution between consumption and hours
worked) given in Figure 1 and the rise in import prices in Figure 2. Especially the increase
in import prices would seem to significantly slow down economic growth. The decrease in
average working hours also has a persistent effect of decreasing overall production.

There is an important difference in the effects of the two supply shocks on the labour
market. In the model simulation, the decrease in the supply of working hours significantly
tightens the labour market and induces wage pressures, whereas the import price shock
mitigates both labour market tightness and wage pressures.

The effects of the reduction in working hours per employee may be influenced by a substi-
tution effect. Thereby employers respond to the lower supply of hours per worker (intensive
margin) by posting more vacancies to employ a higher number of workers (extensive margin)
to compensate for the lower hours per worker. The rise in vacancies and fall in unemploy-
ment leads to a tightening of the labour market ( increases), which in turn tends to raise
wages. The fall in output due to the reduced labour input at the intensive margin is at least
partly compensated by an increase of labour input at the extensive margin. The reduction
in output remains thus relatively muted, although in comparison to the import price shock
the shock itself is also smaller.!!

" The exact effects on the labour market and employment are also sensitive to both the chosen parameters
of the model and the labour market characteristics. For example, it is not certain how well skilled labour
can be replaced by increasing the number of jobs, nor how shorter working hours affect the international
competitiveness of companies.

22



Figure 1. Effects of a shock reducing average working hours
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An interesting question is whether the decrease in working hours per employee is a per-
manent or temporary phenomenon. A recovery to pre-crisis levels would reduce tightness in
the labour market, support growth, as well as reduce wage and inflation pressures.

The import price shock seems to have persistent negative effects on real economy accord-
ing to the model simulations (Figure 2). This is partly due to the persistence of the shock
itself, but also due to its negative effect on household real income that contributes to a strong
response in private demand, i.e. consumption and investment. The weaker expected aggre-
gate demand (output) reduces labour demand, manifesting itself in reduced vacancy creation
by firms and a rise in unemployment. The consequent fall in labour market tightness also
contributes to weaker wages. As the effect of the import price shock on inflation and thus
real income is relatively short-lived, the labour market starts to recover manifesting itself
through a recovery in vacancy creation. Due to labour market rigidities, the unemployment
rate normalizes slowly, only two years after the shock. This is also reflected in the weakness
of wages over several years. Note that one reason for the very different effects of the two
supply shocks is because the shock to intensive margin of labour supply can at least partly
be compensated by an adjustment at the extensive margin, whereas the shock to import
prices involves no such channel of substitution.
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Figure 2. Effects of a positive import price shock
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In the model simulations, the increase in export demand has a small but long-lasting
positive effect on output (Figure 3). The increase in export demand increases domestic
wealth and leads to a persistent acceleration of private consumption. The higher output
arising from the export demand shock has a positive overall effect on labour markets. Firms
post more job vacancies and unemployment falls, leading to an increase in labour market
tightness. This tends to have a positive effect on wages, which also contributes to higher
private consumption and output. Also hours of work increase in response to the improved
macroeconomic conditions. Overall, however, the effects of the shock remain small, because
the examined export demand shock (1%) is quite small.

The shock to public consumption has a rather short-lived positive effect on output. How-
ever, this effect is reduced by the fact that public consumption is financed by lump sum
taxes, which directly displace private consumption. The negative effects of raising taxes
on growth would be more persistent if they were, for example, implemented through the
taxation of work and thus cause negative behavioural effects. The labour market effects are
qualitatively similar to those arising from the export demand shock. In response to higher
demand, firms post more vacancies, unemployment falls and labour market tightness rises.
We observe a mild positive effect on wages. Overall, the effects of public consumption de-
pend on the coefficients of fiscal policy, the magnitude of which has been much debated (see,
e.g. Ramey, 2019 and Batini et al., 2014). The fiscal multiplier in our model is similar in
magnitude to those used in similar models, i.e. in the short run 0.7 at most.

24



Figure 3. Effects of a positive export demand shock
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The demand shocks thus seem to have contributed to the acceleration of inflation and the
tightening of the labour market by increasing the demand for labour. In the simulations, the
effects of the now materialized demand shocks on the tightness of the labour market seem
to be smaller than the effect of the decrease in working hours per employee.

25



Figure 4. Effects of a increase in public consumption

Output 10 Vacancies Unemployment
I'I‘- 'I 0 | _’/ -
04 \ i |/
[\ 5 |“' 10
0.2 |/
O 0 |~ 0 BN - 2 I
© 0 20 40 0 20 40 0 20 40
2] Labourcost Nominal wage Real wage
> N 0.2 - === ———
g 0.5¢| "‘.\ f/ *‘\\ | //
o |\ 0.1}/ - 005} /
w [ | — |/
© | — | 01t
£ 0 | ol 0.1 4
= 0 20 40 0 20 40 0 20 40
o Hours per worker Total hours 0 Consumption
= T 3 - ——
LE 0.4t 04 I\‘al I‘, v
9 | I\ 01t/
T 02| 0.2( \ \/
> | | 025\ /
() 0 — 0 — =
© 0 20 40 0 20 40 0 20 40
X Consumer Price Index Real Interest rate Investments
[ N / T~ 0.3 A
0211 Off — —— 1 o2
BN \ 0.11 \
0.1 I‘ \\\"‘r-r.,_, -0.1 "I\ Olli f _ 7,; |
I‘ T | -0.1 \\\ d
0 -0.2 —
0 20 40 0 20 40 0 20 40
quarters

5 Concluding remarks

In this paper we present a New Keynesian DSGE model for the Finnish economy that
incorporates labour market frictions and wage rigidity. We slightly modify the staggered
wage bargaining framework of Gertler and Trigari (2009) to describe the rigidity in wage
determination.

The strength of the model is that it describes the tightness of the labour market, i.e.
unemployment and open vacancies, as well as the determination of wages as the end result
of negotiations between the worker and the firm. Thus, it enables the analysis of the effects
of different shocks, especially in relation to labour market tightness and wage pressures. In
these regards, it is a valuable addition to the model toolbox currently being used at the Bank
of Finland.

In our empirical exercise we present simulations using four shocks that describe the eco-
nomic development in the aftermath of the Covid-19 pandemic. These four shocks include
positive shocks on public consumption and export demand, as well as a rise in import prices
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and a decrease in working hours per employee. The findings illustrate that all of the afore-
mentioned shocks have contributed to the increase in inflation, but their effects on the real
economy differ from each other.

The purpose of this article has been to introduce the model and illustrate its’ dynamics
in an empirical exercise. It should be noted that model simulations are always sensitive
to selected parameter values and used model assumptions. They are also sensitive to, for
example, the persistence of simulated shocks. This paper acts as a starting point for further
work on the model, that includes e.g. the estimation of the model parameters using up-to-
date data.
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A Appendix

A.1 Steady state of the model economy

Euler equation

1
"=
Marginal utility of consumption
A= (C—3xC)?
Marginal utilility of wealth
A
A=
(14 7¢)
Interest rate on foreign bonds
R =R

Capital rental rate

¥ = zmpk = (R — 1) + 6"

where
_ —a a _ Y
mpk = (1 — )k~ (zh)* = (1—04)E
Tobin’s Q
Q=1
FOC of retail firm
1 e—1
T = — =
I €
Matches
m=o,u’v' "’
Employment

pn=m
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Unemployment

u=1-—n
Probability of finding a worker
¢ ="
v
Probability of finding a job
m
q" =—
u
Labour market tightness
o="
U

FOC for hours

(1 =7)xzmpl = (1 + s) mrs (1 +7°)

where

Sh?
mpl = ak'™® (zh)* ' 2 = 04% and mrs = ~

Economy-wide resource constraint

Y = C + I + G + kv, in the symmetric steady state

Government budget constraint

(1-R)B=G+bu+TR— nwh(r +s) —1°C

Market clearing / aggregate output

Y =K' (nzh)*
Wage

w = +

n xmpl B r*k
(1+s)]| « h

Job creation condition

(1—=mn) [mrs(L+7° b qv
(1_7){ T
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k=¢" B.J

where the firm surplus

1
J=— " [z (zh)* —wh (1l +s) —r*k
Worker surplus
1 mrsh (1 + 7°)
H = wh(l—7)— ——m——+—>—b
=0 " T )
Worker discount factor
x_ E_(l — F)_
1-B(1-p)y
Firm discount factor
T_ __(1 + 3)_
1-B(1-p)y

A.2 Model dynamics

The dynamics of the model are obtained by taking a log-linear approximation around a
deterministic steady state.

Euler equation

Kt =L (Kt—l—l + Et - %t-&—l)

Shadow value of wealth

Interest rates



Capital utilization

v = 771/%1c
Investment
Zs = #thl + ﬂ (@t +/€\I) + —EthJrl
(1+5) (1+5) 1+ 8)

Capital accumulation

. . T /~
KP=(1-6" Kl + =7 (It +€{)
Effective capital

f?t — ;/\t + l?ffl
Tobin’s Q

Qi =B(1=0") BQua + [1= 8 (1= 0")] By (7, + D) — (Bi = B )

Matching function

mt:0@t+(1—0)@t

Employment dynamics

. N m .
g =(1—p)ng 1+ %mt—l — PPt

Unemployment

Transition probabilities
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labour market tightness

FOC for hours worked

R R . T s T e
Ty = mrs; — mply + (1__)7't—|— (1+§)5t+ A+7) ¢
where
mﬁltzft—(l_a)ht
and

met = ¢ilt — j\t
Capital rental rate

=1y + mpk,
New Keynesian Phillips Curve

Ty = V2 + BE T

where Ty = Py — Ppy—1 is domestic inflation

First order condition for wage setting

~ ~ ~ ~ 1 N
Jt(w;‘) + At = Ht(w;‘) + Et — 1_ 777’]15

Firm surplus

~ zmplh (. — ~\ wh(1+3%) /., =~ ~\ wWhs.
Jt(wt) = P ($t+mplt+h/t)—%(wt—Pt‘i‘ht)— j St

o
J

(?f + /k\t> — BpEpi + B (1 — D) By <jt+1 (why) + gt,t-&-l)
1-7 wh(l+73 . PN
( ki (— )Et (wt + Ty — Wiy — 7Tt+1)

1-B(-p)r ]

Worker discount factor

=
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T . = o A ~ =
) Te + LFy (5t,t+1 + Ty — Ty + At+1> — BpYEpiia

o (1=97
(1-7

Worker surplus

~ wh(1—7) [, whr_. mrsh(1+7°) [_— -
Ht(wt) = % ( Pt + ht) — F Ty — (1 +(¢) ﬁ ) [m?”st + ht:|
TFShTe

—W/\C Bq" E, (Qt + Hx A1 T 515 t+1)

+6(1-7) E, (]:-;lﬂr1 (w:—&—l) + Bt,t+1) — BPEprs1
B(l-p)y wh(l-7)

+ B (0 + e — W, — 7
1—5(1—p)’y T t( t t t+1 t+1)

Firm discount factor

~ ~ 1—1)s.. -~ PN N - R
Yy=1—-0)h+ ﬁst + By <5t,t+1 + ey — Typ1 + Et+1) — BV E;prya

Optimal contract wage

Wy = [1 = ] @) (r) + 1By (Ty1 — €0Ty) + LBy

Target wage

UJ?(T) = 1/1}? —+ QOHFEt [{Et—l—l — 1/17;_1}

Spillover-free target wage
ﬁ]\? = @y (ft + mplt) — Pk (?f + k) + pmmrs + o By (ﬂv + Hiy (w;fk+1) + ﬁt,tﬂ)
—onhe — 9551+ Ty + QT + O Ey [Etﬂ — At+1} + g + P
Average wage
= (1 =)W, + v (W1 — Tt + €uTi—1)
or
Wt = /\bqﬁt—l + )\0&5? + /\fEt&}t—l—l
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Vacancy posting condition

Ky — th = E <=/]\t+1 (r) + B\t,t-&-l)

wh(l1+3 . R R ~
+1 j ; (7 )Et (wt—l—l +7Tt—|—1 — Wy — g’wﬂ-t)

Trade balance

TB, =%, ~CC, ~TI, - GG, - 7K — 50 (R + ) + (C + T) ( Py - P)
Economy-wide resource constraint

Vo= (1-W)CC,+ WC'C! + GG, +7v (7 +50) — [(2— W) CW] (ﬁm . ﬁt)

Consumer price index

P,=(1—W)Py, + WP/

Evolution of debt / Government budget constraint

by = RO(Ryy+by —7)+G (ﬁH,t — P+ @t) + but, + TR(TR, — P))
—7wh (T +5) (A + @, — P, + hy) — nwh77, — mwhss, — 7°C (?f + @)
Market clearing / aggregate output

22(1—a)l?t+a(ﬁt+2t+ﬁt)

A.3 Period-by-period Nash bargaining

In the standard MP model, it is assumed that total match surplus, Sy = (W, —U;) + (J;—V}),
the sum of the worker and firm surpluses is shared according to efficient Nash bargaining
where wages and hours are negotiated simultaneously. The firm and the worker choose the
wage and the hours of work to maximize the weighted product of the worker’s and the firm’s
net return from the match.

36



max (H,)"(J;)' ™"

w,h

where 0 < 7 <1 is the relative measure of workers’ bargaining strength.

The worker surplus gets the following form.

w; h
Hy=W,-U = Ftht (1—-7)— gi ) _ b+ Efir1 (1= pror — af ) Hin
/ t

and the firm surplus is (after taking into account the free entry condition V; = 0)

w*
Jo = xof (ke, he) — ?tht (1+5) — Tf/ft + Efrg1 (1 — pryr) Jewa
t

The first-order condition for wage-setting is

OH,; 0.J;
Sy - iy
n awt Jt ( 77) a'IUt t

—n(l-n)Ji=0-n)1+s)H

which would, without taxes, correspond to the simple surplus splitting result where the total
surplus from the match is shared according to the bargaining power parameter 7.

The optimality condition for wage-setting can be rewritten as a wage equation that
includes only contemporaneous variables by substituting the value equations into the Nash
FOC, and making use of the expressions for the production and utility functions.

wf n [ztmplt Tfkt] N (1—mn) {mrst 1+7) b ¢
(87 ht

P (1+s) (1-1) (14 ¢) T h_tEtﬁmlHt“]
{ 1 (1—741) 1 }
(

1+s) (1—=7) (1+s41)

+hﬂEtﬁt,t+l (1= pry1) Jisa
t

where w; is the nominal hourly wage in a match.

The wage equation is a convex combination of what the worker contributes to the match
(the first square brackets) and what he has to give up in terms of disutility from supplying
hours of work plus a term that accounts for possible changes in tax rates over time. Since
workers and firms are homogeneous and all matches adjust their wages every period, they will
all choose the same wage. The economy’s wage bill is this wage rate times the total number
of hours worked in the economy. It is clear from the wage equation that the introduction
of taxes works to decrease the worker’s relative effective bargaining power from 7 to (1—;75—“
Consequently, economic conditions get a smaller weight in wage determination.
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A.4 Dynamics with wage rigidity

The derivation of the wage under staggered contracting follows Gertler, Sala and Trigari
(GST) (2008). The Nash first order condition is in this case
mAJy (wi) = (1 —m) B Hy (wy)

where the effect of a rise in the real wage on the worker’s surplus is

At _ Pt 3Ht (wt)
3wt

8H w 7T5w 7T1_€w
= D (1=7) + EBrper (1= prya) Y P —— ( t<[9ut) ( .
t

= h(1—=7) + EBrir (1= pyr) ¥( [wa (Wl*gw)] hiva (1= Tiq1)
OHyo (wy [y (o' o) mp (o))

+E B i40S+1, 6427 Prro D, ).l
0.0 P Ew
s -1 —€
= EtZﬁt,tJrsS“t,tJrs’Y [(;—s> (7T1 w)s} ht+s (1 — Tt+s)
—0 t—1

A =h(1—7) + Efryrr (1 — pgr) y [thw (Wl_sw)] 7Tt_+11At+1

where ¢ ;s denotes the probability of match survival from period ¢ to period ¢ + s.
And similarly for the firm

p 01 (wi)

Et - t ow
t

=hy (1+51) + EeSrpr (1 — prr) v [me (7' 7)) ] w1 B

The dynamic contract wage equation is solved by first linearizing the FOC for wage
setting, and then substituting the linearized worker and firm surplus equations as well as the
above discount factors in their loglinearized form (see GST, 2008 for more details).

First order condition

1
1_7777t

To(wp) + Ay = Hy(w}) + 5, —
where the loglinear forms of the discount factors are

At:(l—b)ﬁt—%

T+ LBy (5t,t+1 + €Tt — M1 + At+1> — BpYEipria
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~ ~ 1—0)s ~ ~ o~ a —_ ~
Yy=0—-0)h+ ((1 n ;) s+ LBy (5t,t+1 + ey — Ty1 + Et+1) — BV Epria

and the expressions for J,(w;) and H,(w}) can be found as follows

A.4.1 Worker surplus

The worker surplus can be written as

wy h
Hy(w;) = —+h(1-—7)- % +b+ QXVEtﬁt,tHHx,tH
¢

+E B (1 — pryr) Hip (wf )
+7E B 41 (1= py1) [Htﬂ(w: [thw (ngw)]) - Ht+1(w:+1)}

In the last term, evaluate the expression E; [Hyp (wf [m® (7' 75%)]) — Hyp (w],4)]

Ey [Ht+1(wf [Wf” (Wl_gw)]) - Ht+1(w:+1)]
wi [mpe ()] wiy

Py Pi1
FYEBriraSiitave [Higo(wf [mfyy (w'50) [af (775)]]) = Hygo(wiyy w2y (775)])]

= F

When linearized, this expression gets the following form

E; [ﬁtﬂ(wf i (7' 7)]) = ﬁt+1(w;"+1)]

wh(1=7) | . PO ~
= ME} [w: + EuTy — w:—&-l - 7Tt+1}

VB~ )18 [Brsalu [mi3, () [ ()]]) ~ Brsalwi, [ (7))

Iterating forward this can be further simplified to yield

~

By [Hva(w; [m5 (7)) = o (wisn)]
1 wh (1 —7) . ~ - ~
= — — E, W +e,me— Wi, — 7
1 _ 6 (1 _ p) /Y H t |: t t t+1 t+1:|
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With the help of the above expression, the loglinear formulation of the worker surplus is
found to be

. h(1-7 ~ ~\ whr_. mrsh(1+7%) [ __ =
i, = w (_ 7) ({5: —Pt+ht> _ w_Tﬁ-\t _mrs ( +_T) [mrst—i-ht]
b H (1+0)H
mrshTe = W h A
—mﬁc — 87V E, (quv + Hypq + 5t,t+1)

+8(1—7) E, (ﬁtﬂ (w:+1) + Bt,tﬂ) — BPEpria
B—p)y wh(l-7)

— — B, (0] + e, — W[, — 7
TR P AU

where as shown in Gertler and Trigari (2006) up to a first order approximation fII,tH =
Hi (wt+1)~

A.4.2 Firm surplus
The firm surplus can be written as

w*
J(wy) = xf () — Fiht (1+s) — Tf/ft + BB (1 — prya) Jt+1(w:+1)

+YE B i1 (1= prir) [T (wi [me (775)]) = Jiga (wfy)]

In the last term, evaluate the expression By [Jy1 (w [m7* (7! 50)]) — Jops (wi )]

By [T wf [mi (7)) = i ()]

wi [mpe (7' )] wiy
= —F, |+ — b (1
¢ [ P Pror 1 (14 sp41)

VBB irasii e [Jeva(wi [mipy (71 750) mpe (275)]) = T (wiyy [mpe (71750)])]

When linearized this expression gets the following form

E, [:];H(w;‘ (75 (7)) — :];—&-l(w:—&-l)]

wh(1+3 . o ~
= _M@ [w;‘ + ey — wf+1 - 7Tt+1]

+6 (1 —p) vE; [jt+2(w: [mey (o) mpe (w7 ]) - j:t+2(w:+1 (i (Wliaw)])}
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Iterating forward this can be further simplified to yield

By [Ton(w [m5" (2'75)]) = Topn (i)

1 wh (1473) . ~ - ~
= — _ — E, W +e,me— Wi, —7
1_B0-7)~ = t[ ¢ t 41 t+1]

Finally, as with worker surplus, the following loglinear formulation of the renegotiating
firm’s surplus can be found with the help of the above expression

=7 ?h< s + mpl, +ht)—_wh—(1j+§) (A* PﬁhJ—%ﬁg@
kE

(?k + //€\> BPE D1 + B(1—p) By (Jt+1 (th) + ﬁt t+1>

(1-p)7 wh(l+73)
1-3(1-py J

T
7

Et (wt+1 + 7Tt+1 — wt — €w7Tt)

A.4.3 The Contract wage

Inserting the expressions for the worker and firm surpluses, as well as those for the discount
factors, into the FOC yields (after collecting the wage terms to the left-hand side and using
the Nash FOC for next period)
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_ {wh(lﬁ—?) +ﬂ(17+§)] o

v [wh(1—-7) wh(1+73) . A
+(1 ) [ i + 5 E, (wt + ey — Wyyq — 7Tt+1)
zmplh (. —\ Tk (4 ~\  mrsh(1+79), __ mrshr
oy (@c+m) (°t + R ey ATy i
_ 1
—l—ﬁ (1 - )Et |:Jt+1 (wt+1) + ﬁt t+1:| 6( )Et |:Jt+1 (th) + ﬁt i+1 T At+1 — E1t+1 + — 7777t

+57" E, ({7?/ +Hy 1 + 5t,t+1)

wh(1—-7) wh(1+3)] Tmplh mrs h(1+ ~

- — + = - - — hy
J aJ 1+¢ H

B {wﬁs (1-— L2§:| o |:’U}£7' (- Lz?:| - [w_(l_— ) N ﬂ(1_+ 5)] B

J (1+53) H (1-7) H J

~ . 1
+E A — 1B Y+ 11— nm

= _ -1 wh(1-7) | wh(14+3)| _ wh(143) _ wh(1-7)
where « = 3 (1 — p) 7. Dividing by the term [ =+ == ] =T T i d

using the steady state equations for A and X, and for the Nash FOC allows us to rewrite
the contract wage equation in the following simpler form

— @ + By (@ + e — By — i)

= Y (jft + @t) Pk (7} + kt) + Qmmrs; + oy By ( +H, g1 T 5t t+1)
_Whﬁt — Ps8y + O Ty + OreT, + DBy (ﬁﬁrl — itJrl) + g + Pt

= @;(r)

where @} (r) is the target wage in the bargain, and its coefficients are

vho= {1 - awﬂ(ripf 5) Tls_fqﬁ_)g)((fj ;)C) } A (1?3) [1 %} ’
o T ) e Aree T
g S5 E R
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The target wage @) (r) is of the same form than the period-by-period negotiated wage,
adjusted for the new bargaining weights. The equation for the contract wage can be further
rewritten as

1 . . L ~ ~ L e
(1 — L)wt = w? (7") —+ mEt (7Tt+1 — Ew’ﬂ't) + m

< l/ﬁz = [1 — L] 1/13? (7") + LEt (ﬁt—l—l — 5w§r\t) —+ LEt@:+1

This is the optimal contract wage set at time t by all matches that are allowed to renego-
tiate their wage. As is usual with Calvo-type contracting, it depends on a wage target w(r)
and next period’s optimal wage.

A.4.4 The spillover effect

To derive the spillover effect, consider the worker surplus with optimal (contract) wage versus
the expected average market wage in the same way as above

wh (1 —7)

EiHypy (W) = EHy (0, ) + ———==F4 (@tﬂ — @:H)
(1—u)H
Denoting % = I' and substituting the above expression in the target wage equation
gives
~0 . ~ - ~ T .
W (r) = o (% + mplt) — Pk (Tt + kt) + Pmmrsy

+onkEy (ZI\F/ + Hypy(wiyy) + Brgsr + TEy [@r41 — @;J)

+onhe — @55t + O + 9T + pEy [EtJrl — At+1] + g + P

= W (r) = @ + eaTEy [y — T,

where the target wage @} (r) - the wage the firm and its worker would agree to if they are
allowed to renegotiate, and if firms and workers elsewhere remain on staggered multiperiod
wage contracts - is a sum of the wage that would arise if all matches were negotiating wages
period-by-period Y and the spillover effect ¢y E [@Hl — f&};‘H].
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A.4.5 Evolution of the average wage

To derive the appropriate loglinear expression for the evolution of the average wage, first
collect the necessary elements from previous calculations

1) The contract wage

@ =1 — ] @ (r) + 1By (Rey — i) + 1B,

2) The average wage

Wy = (1 — ) W] + v (W1 — Ty + €wTi—1)

3) The target wage

@?(T) — @? _|’ SOHFEt [@t+1 — 'lj)\:+1:|

First, insert the target wage in the contract wage equation

’&7: = [1 — [,] (’lﬁg —+ QDHPEt [@t.{.l - '&3:_,'_1]) + LEt (%\t—l—l - 5w%t) =+ LEt@;-l

Then update the average wage equation by one period and take expectations
Et@t—‘rl = (]_ — ’}/) Et{U\:Jrl + Y ({Dt — Et%t—&-l -+ {‘fw%t)

. 1

= Lk R pp]

(ByWiy — v (0 — EyTisr + €umy))

Use this expression to eliminate Eyiy,; from the contract wage equation

wy = [l — <ﬂf\? + oul By — ol [ (EyWeyr — vy + vEy (T — €w7?t))})

L
(1-7)

1 N N . ~
(ByWyy1 — W, + vEy (T — Ewﬁt))]

(I—7)

+LEt (ﬁt—l—l — 5w§r\t) +¢ |:

. _ _ 1 _
w; = (1—0) @+ (1—1) oul By — (1 — 1) oyl ——— B4y

(1—9)
F1— ngrﬁ (@) — Efr + c0®e) + 0 (Bifips — cufts)
‘|’;Et'&]\t+l S (Wy — EyTi1 + €T
(1—7) (T—7)
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A~ ~ i ~ ~ ~
= W 2(1—L)w0+|:(1—b)(/9[{r - ](wt—Eth—!—s Tt)
t : (1-7) (1-9) ’
i (BT — €wti)
1 1

+ (1—L)QOHF—(]_—L)QOHF +¢ :|Etﬁ}t1

{ 1Ly A=

Denote ¢ = (1 — ) puI', and use the above equation to eliminate w; from the average
wage equation (equation 2)

w, = (1—=7)(1—1) @? +(¢y — vy) (W — EyTyg1 + €uTiy)
+ (1 =) e (EyTe1 — €wie)
+[(1 =) ¢ = C+ 1] ByWyyy + v (Wemy — T + €0Tim1)

L=~ (=] = L= (1 =0)@ —7( =) (Bifteer — cuTr) + (1 —7) 0 (Bffprr — ewTy)
+[(1 =) = C+ 1] By + v (Wemy — Ty + €uTi1)

Finally, after dividing by [1 — v (¢ — ¢)], the dynamic average wage equation can be ex-
pressed as

~ ~ ~ ~ ~0 ~ ~ ~
S W= N (U)t,1 — T + Swﬂ'tfl) + /\owt + )\fEt (th + 1 — Ewﬂt)

oy = e S i M T
— = TV
with ¢ = (1—0)pgl,e=61~-7)y, = %, o = %as previously denoted.
-1 wh(l—7
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