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Introduction

This thesis analyzes labour market fluctuations and fiscal policy from the
perspective of a small monetary union member state, namely Finland. A New
Keynesian dynamic stochastic general equilibrium (DSGE) model is chosen
as the theoretical framework. These models offer the most coherent available
framework for the macroeconomic analysis of policy issues. The sources of
economic fluctuations may be identified and the consequences of structural
changes may be analyzed and predicted with these new model tools. The
New Keynesian tradition of dynamic stochastic general equilibrium models
also takes into account the many imperfections in the practical functioning of
market economies and adds various frictions and rigidities in the ability of the
economy to adjust to external disturbances, making it a more realistic starting
point for policy analysis. The key components of the basic New Keynesian
DSGE model are presented e.g. in the books by Woodford (2003) and more
recently Gali (2009). The choice of the theoretical framework is, moreover,
guided by specific Finnish country characteristics such as the requirements of
Euro area membership, the wage negotiation tradition and rigidity in wage
setting.

The first versions of New Keynesian DSGEs did not include a treatment of
unemployment despite the fact that that was thought to be a major deficiency
in earlier models. At the same time, however, the labour market matching
model as outlined in e.g. Mortensen and Pissarides (1994) or Pissarides (2000)
had become the workhorse model for analyzing unemployment. The work of
Andolfatto (1995) and Merz (1995) were early contributions that enabled to
merge these two approaches. In the past few years many more researchers
have actively developed models that combine New Keynesian monopolistic
competition and nominal rigidities with imperfections on the labour market
that give rise to unemployment. The inclusion of equilibrium unemployment
analysis is indeed one of the most important advances in the DSGE literature
in the past few years. For example Walsh (2005) examines the consequences
of embedding labour market frictions in a New Keynesian DSGE model with
sticky prices but flexible wages, Trigari (2006) analyzes the impact of adding
different forms of wage rigidity, and Blanchard and Gali (2010) focus on the
unemployment-inflation trade-off. The focus has predominantly been on the
conduct and transmission of monetary policy.

Adding more structure to the labour market block of general equilibrium
models has offered new possibilities to analyze the effects of labour market
policy for the overall economy, and, reciprocally, to single out what the labour
market consequences of other policies or disturbances are. In addition to the
incorporation of relevant sectors of the economy and new transmission mecha-
nisms into DSGE models, important advances have been accomplished to em-
pirically validate them. The Bayesian full information approach has become
the most favoured methodology in this respect, and estimated New Keynesian
DSGE’s are becoming conventional tools for analyzing economic developments
in many policy institutions (see e.g. Christoffel, Coenen and Warne, 2008, for
the European Central Bank’s model of the Euro area).

While central labour market variables can now be analyzed and predicted
with improved methods, many important questions are still left open. In par-
ticular, the specific questions raised by monetary union memberhip need to be



addressed. This collection of essays delivers a realistic model framework for
the analysis of a small Euro area economy, and complements the literature on
labour markets and the business cycle. It contributes especially to the unset-
tled debates on the so-called unemployment volatility puzzle and on the effects
of fiscal policy. New results are obtained in three key areas: the analysis of
fiscal policy in the presence of labour market frictions, the measurement and
modelling of labour market fluctuations and the estimation of key mechanisms
that affect the dynamic behaviour of the Finnish economy. This introductory
chapter includes a review of the key themes in this branch of the literature
and summarizes the three separate essays that make up this thesis.

1 Review of key themes

1.1 Fiscal policy in DSGE models

The great majority of dynamic stochastic general equilibrium models have been
tailored for use at central banks, and consequently concentrate on analyzing
the effects of monetary policy. As a small Euro area member state, Finland has
practically no control over the common monetary policy, and therefore fiscal
policy is the principal policy tool that remains in the government’s own hands.
Moreover, the recent economic crisis has shown that there are limitations to
the use of monetary policy as an operative policy tool. The fact that nominal
interest rates can not be reduced below zero implies that there is a lower bound
to interest rate policy. In that situation, if governments choose to actively
combat the economic recession, they have to resort to fiscal and structural
policies instead. It has been shown that in these conditions fiscal policy is
more effective than in normal times (see e.g. Gomes, Jacquinot, Mestre and
Sousa, 2010; and Christiano, Eichenbaum and Rebelo, 2011). Thus, the crisis
has brought fiscal policy issues back to the centre of policy debates. Initially
the key question was whether fiscal stimulus and what kind of fiscal stimulus
would be effective to counteract the recession, and more recently attention has
shifted to serious indebtedness problems in several Euro area member states
and in the United States, and on the various ways to repay public debt. The
first essay touches upon both these issues and offers new insights into how
these questions can be analyzed in the presence of labour market frictions.

Both empirical and theoretical literature on the effects of fiscal policy has
so far been unable to agree on what the effects of fiscal policy really are. It
is widely accepted that the effect of fiscal stimulus on output is positive, but
the disagreement concerns above all the effects on private consumption. The
latter, as the largest component of aggregate demand, is a key determinant of
the size of government spending multipliers.

Within the empirical literature on the effects of fiscal shocks, especially of
government spending shocks, on the rest of the economy two main strands can
roughly be identified. Ramey and Shapiro (1998) argue that increased public
expenditure just crowds out private consumption and leads to hardly any posi-
tive effects whereas Blanchard and Perotti (2002) and Fatds and Mihov (2009)
are the main exponents of significant expansionary effects of fiscal stimulus on
private consumption. While no definite consensus has been reached, it would
seem that the empirical literature on the relationship between government

2



spending and private consumption has more recently been converging towards
a positive or, at least not significantly negative effect on private consumption.
The turns and emerging consensus in the empirical literature have been sum-
marized by Gali, Lopez-Salido and Vallés (2007) and more recently by Ramey
(2011).

Within the theoretical literature, the Old Keynesian tradition used to em-
phasize large multiplier effects on output. It was argued that consumption, as
a function of current disposable income, rises and amplifies the effect of the
expansion in government spending. In contrast, the first generation of dynamic
general equilibrium models focusing on real business cycles (RBC) predicted
that increased government spending would fully crowd out private consump-
tion. The key transmission mechanism of fiscal shocks in the RBC model is
the wealth effect. The increase in government spending is perceived by in-
tertemporally optimizing agents to increase taxes in the future and therefore
to reduce the present value of after-tax income.

Linnemann and Schabert (2003) were the first to analytically derive the ef-
fects fiscal policy shocks in the New Keynesian framework. The same negative
wealth effect is present but is counteracted by an increase in aggregate demand
brought about by sluggishly adjusting prices. The rise in aggregate demand,
in turn, attenuates the fall in private consumption. Therefore fiscal stimulus
yields typically higher output multipliers and less negative effects on private
consumption in New Keynesian models than in RBC models. The negative
wealth effect, however, always dominates and private consumption unambigu-
ously falls. Hall (2009) analyzes in a recent paper what the effects of increased
government purchases to GDP are in the New Keynesian framework.

It is useful to note that these results refer to the effects of fiscal shocks, i.e.
to stochastic temporary disturbances in government spending as opposed to
permanent policy changes in a deterministic framework. The approach is also
unrelated to the literature on optimal fiscal policy.

The responses of employment and the real wage to fiscal shocks have re-
ceived much less attention than effects on output and private consumption.
Pappa (2009) studies empirically the transmission of fiscal shocks in the labour
market, and finds that shocks to government consumption and investment, in
all the scenarios he investigates, increase real wages and employment. The
RBC model has major difficulties in accounting for this empirical relation.
The wealth effect not only leads to a decrease in consumption, but also to an
increase in labour supply — as long as both consumption and leisure are normal
goods - leading to a fall in the real wage and contraction in employment. In
contrast, in the New Keynesian framework, the increase in labour demand to-
gether with the increase in labour supply can drive up the real wage or at least
make it fall by a smaller amount, also yielding a more positive employment
response. This is because sticky prices raise the possibility that labour demand
reacts stronger than labour supply. Therefore, it seems that the New Keyne-
sian model would a priori be better able to approximate the empirical results
of fiscal policy on the labour market than models without nominal rigidities.
A recent comparison of the effects of fiscal policy in different DSGE models is
provided by Coenen et al. (2010).

Compared to the extensive research on monetary policy with the help of
DSGE models, their use in explaining the effects and transmission of fiscal pol-
icy has so far been limited. In particular, the progress that has been achieved
in incorporating a theory of unemployment into these models has not yet ben-



efitted fiscal policy analysis. Bridging this gap is all the more important as the
objective of almost any fiscal stimulus package is decreasing unemployment. It
is only after the inclusion of equilibrium unemployment into these models that
this approach has been made possible. Monacelli, Perotti and Trigari (2010)
are the first who investigate unemployment fiscal multipliers in a dynamic
general equilibrium with labour market matching. Building on their work, the
first essay analyzes the labour market consequences of fiscal stimulus in a New
Keynesian model framework.

1.2 Labour market institutions in matching models

labour market institutions play an important role in the macroeconomic per-
formance of an economy (see e.g. Layard and Nickell, 1999) but they have
been relatively little studied in the context of New Keynesian business cycle
models. The majority of papers which have augmented the New Keynesian
business cycle model with search and matching frictions in the labour market
do not, for example, incorporate distortionary taxation in their framework.
However, labour costs in the EU are generally burdened by relatively high
levels of taxes and social contributions which speaks for the inclusion of these
labour market institutions at least in the analysis of European economies. In
practise, the discussion on fiscal stimulus and the repayment of debt very much
centers on whether cutting expenditures or increasing taxes is more effective,
and on which tax instruments, direct or indirect, should be used to repay debt.
Against this reality, surprisingly many studies of fiscal policy in the DSGE lit-
erature still assume that only lumpsum taxes are available and do not allow
for debt-financing of fiscal stimulus.

The inclusion of unemployment analysis in DSGE models offers an im-
proved framework for investigating the interaction between fiscal policy and
labour markets. In the first essay, the link between fiscal policy and the labour
market is introduced with the help of distortionary labour taxes which di-
rectly influence the behaviour of firms and workers on the matching market.
This connection is missing in the standard approach where taxes are typically
lumpsum. The detailed description of the labour market helps to better un-
derstand the transmission mechanisms of fiscal policy to private consumption,
employment and the real wage.

Economic research has not reached definite conclusions on the effects of
taxation and economic performance. While the example of the Nordic coun-
tries shows that high levels of taxation can be compatible with high employ-
ment, reducing taxes on labour could be a useful tool to further stimulate
employment. The reasoning is that by reducing taxation of this factor, returns
to labour income would become more attractive. The Mortensen-Pissarides
matching model of the labour market shares this property. Lower propor-
tional tax rates, as well as lower unemployment benefits, are associated with
higher employment and output in equilibrium (see Pissarides, 2000, chapter
9). The core mechanism in the standard matching model is wage bargaining
which is influenced by labour market institutions. A key concept is the relative
value of non-work to work activities: taxes and benefits influence the relative
attractiveness of work. This transmission channel turns out to be of central
importance for the analysis of fiscal policy.



While there is a relatively large literature on the effects of labour market
institutions on equilibrium labour market outcomes, much less research can be
found on their impact on business cycle fluctuations. Den Haan et al. (2001)
show that in a job matching model high initial replacement rates or tax rates
lead to a larger rise in unemployment as a response to a negative technology
shock than with "employment -friendly" institutions, in line with Blanchard
and Wolfers’ (2000) empirical evidence. In addition to the importance of the
level of labour taxation for the dynamics of the economy, the changes in taxes
over time affect the dynamics of the economy. Moreover, it has been suggested
that the cyclical behaviour of taxes may have a role in explaining labour market
fluctuations. For example, Burda and Weder (2010) find empirical evidence
that payroll taxation tends to fall in recoveries and rise in recessions. If tax
rates are cut in good times and raised in bad times this would amplify the
movement of employment and unemployment in business cycles.

Including a set of distortionary taxes into the model framework, the first
essay derives the equilibrium properties of the model economy, and investigates
both the impact of the level of taxation on the dynamic adjustment to a fiscal
shock and the effect of taxes that change over time in the form of fiscal feedback
rules. The second essay, in turn, investigates the role of distortionary taxes for
labour market fluctuations.

1.3 On different fiscal policy instruments

As Baxter and King (1993) first pointed out, the decision on how public spend-
ing is financed is a crucial determinant for the sign and magnitude of the
response to a government spending shock. The recent financial crisis and
countries’ fiscal policy responses to it has spurred renewed interest in the role
of different fiscal policy instruments.

Bilbiie and Straub (2004) study the effects and transmission of fiscal policy
in a dynamic general equilibrium sticky-price model including distortionary
taxation. As in the current study, they emphasize the role of the labour mar-
ket in determining the effects of fiscal stimulus but their labour market is
Walrasian. They specify a set of fiscal rules that determine how debt is paid
back. This is a conventional assumption in the analysis of fiscal policy in the
context of New Keynesian DSGE’s (see also e.g. Coenen and Straub, 2005).

In the standard New Keynesian model, the Ricardian equivalence propo-
sition (see Barro, 1974) holds. That is, if government expenditures are fi-
nanced by non-distortive lump-sum taxes, the timing of taxes has no effect
on private consumption as any rescheduling of tax liabilities keeps households’
lifetime disposable income unaltered. Recent literature suggests that to ac-
count for important transmission channels of fiscal policy, the economy should
be modelled as “non-Ricardian”. In particular, it has been argued that the
representative-agent paradigm is not well-suited to deal with medium and long
term fiscal policy and debt issues. There are various ways to introduce non-
Ricardian features into DSGE models. One move away from the representative
agent framework that has been found to be important for the effects of fiscal
policy is the inclusion of so-called rule-of-thumb consumers (see e.g. Gali,
Lopez-Salido and Valles, 2007). This modelling device is known to be able
to account for a positive response of private consumption to fiscal stimulus
because a share of consumers have no means to smooth their consumption.
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For example, the International Monetary Fund has built a model that includes
non-Ricardian features for fiscal policy analysis departing from their more stan-
dard New Keynesian open economy model, the Global Economy Model. See
Botman, Karam, Laxton and Rose (2007) for a discussion on the various ways
to introduce non-Ricardian features.

One way to break the Ricardian equivalence is the introduction of distor-
tionary taxes. When there are distortionary taxes on labour, the optimality
condition for the choice of consumption versus hours worked includes the pro-
portional tax rate. The path of taxation does matter in that case, since the
tax rate affects the intratemporal optimality condition governing the leisure-
consumption trade-off. Therefore, how tax rates evolve determines consump-
tion and labour decisions. Ricardian agents postpone work for periods when
taxed less and enjoy more leisure in periods of high taxation.

Bilbiie and Straub (2004) show that the effects of fiscal stimulus depend
on the intertemporal path of taxation also in the case of lump sum taxes when
there are rules that determine the strength and speed of tax increases to finance
the stimulus. This effect, however, purely relies on the underlying fiscal rule in
the sense that a high extent of deficit financing and a strong response to debt
imply a smaller wealth effect. A more aggressive debt-repayment rule means
that the debt process will be less persistent, and so the implied tax process
will also be less persistent

The role of distortionary taxes is analyzed throughout this collection of
essays both from the point of view of labour market fluctuations and as a
determinant of the effects of fiscal stimulus. Using distortionary taxes makes a
considerable difference and creates significantly lower multipliers of government
spending stimulus especially in the long run. Similar results have more recently
been found by e.g. Drautzburg and Uhlig (2011) who extend the benchmark
Smets-Wouters (2003) New Keynesian DSGE to analyze the effects of the
American Recovery and Reinvestment Act (ARRA).

In the aftermath of the financial crisis, in the debate on how to repay the
large debt burdens that had started to accumulate, many Western govern-
ments, including in Finland, voiced the need to increase the consumption tax
but to keep labour taxes constant or lower them. The consumption tax is
regarded as being less distortive and therefore a more effective instrument for
tax collection. The theoretical contributions to this subject most often con-
sider a revenue-neutral shift from direct to indirect taxation. In the first essay,
the relative desirability of these two tax instruments is compared by assessing
what are the consequences of using each of these tax instruments to repay debt
for the overall effects of stimulus.

A point made in the tax-shifting literature is that if the consumer’s take-
home pay increases by a certain percentage, but the price of all goods goes up
by the same percentage, there is no compelling reason why he should modify his
behaviour and work longer hours. Consequently, a shift from labour taxes to
consumption taxes would not have any effects on labour supply and economic
performance. In practise, however, for example features of the wage bargaining
system or characteristics of the unemployment benefit system affect the specific
outcome of reforming the tax system.

In business cycle models with labour market matching, it is commonly
assumed that the representative agent is in fact a large household that includes
both working members and unemployed members. Therefore, distortionary
labour taxes and consumption taxes have different effects on labour supply.



More specifically, the consumption tax is less detrimental to labour supply
because, unlike the labour tax, it is also paid by the unemployed. A VAT
affects all types of household income because consumption is proportional to
labour income plus unemployment benefit transfers, while labour taxes only
affect labour income. This relates to a more general result in the tax shifting
literature that most employment gains seem to be linked to the possibility of
shifting the incidence of the tax burden away from labour.

1.4 Fiscal stimulus in open economies and in a mone-
tary union

The literature on DSGE models has mainly concentrated on closed economy
versions of the model. Obstfeld and Rogoff (2000), in turn, is the standard
reference for New Open Economy Macroeconomics and work by, for example,
Chari, Kehoe and Mc Grattan (2002) as well as Clarida, Gali and Gertler
(1999) have importantly contributed to the literature on monetary policy in
open economies. Research on fiscal policy in open economies has been surveyed
by e.g. Ganelli and Lane (2002) and Coutinho (2003). The focus in much of
this literature is on the spillover effects of fiscal policy to other countries or
on the potential benefits of fiscal policy coordination reflecting the formation
of the Euro area and the emerging interest in the transatlantic transmission
of policies. Accordingly, the theoretical framework is often used to model
the links between two large economies. Beetsma and Jensen (2005), instead,
consider a two-country monetary union model to analyze the optimality of
fiscal stabilization policies and the interactions of these policies with monetary
policy, while Ferrero (2009) adds distortionary taxation and government debt
into the two-country monetary union model to investigate optimal policies.
Stéhler and Thomas (2011) describe a two-country monetary union DSGE
model for fiscal policy analysis that has been developed in cooperation between
the Spanish and German central banks. They calibrate the model for the
Spanish economy and simulate the effects of various permanent fiscal policy
measures.

The focus of this thesis is, however, on building a realistic macroeconomic
model for a small Euro area member state, Finland. As a member of the Euro
area, Finland misses two channels that help a standard open economy to adjust
to shocks. It has practically no control over the common monetary policy, and
the nominal exchange rate is fixed. Galf and Monacelli (2008) have developed a
framework for analyzing the specific features of small monetary union member
states. Instead of the typical two-country setup of open economy models, they
model a currency union being made up of a continuum of small open economies
that are subject to imperfectly correlated productivity shocks. Almeida et al.
(2010) investigate the effects of fiscal stimulus in a similar small euro area
economy model but introduce non-Ricardian behaviour with the help of finite
lifetime households.

The lack of control over monetary policy naturally implies that fiscal policy
is the principal policy tool available but it also has a profound effect on how
the economy adjusts to shocks. In the preparation phase for EMU the most
central question that was raised in Finland was the ability of other adjustment
channels than monetary policy to ensure the stability of the Finnish economy
in the face of asymmetric shocks (see Valtioneuvoston kanslia, 1997). There
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was wide agreement that, in this environment, in addition to the mobility
of factors of production and the central role of fiscal policy, the functioning
of labour markets, including the wage bargaining system will become more
important. Based on these considerations, the model used throughout this
collection of essays combines the New Keynesian model with labour market
frictions and wage rigidity with the Gali-Monacelli perspective of an infinitely
small currency union member state.

The behaviour of the real interest rate is a crucial transmission channel of
fiscal policy in DSGE models. The response of the real interest rate determines
the consumption path, and therefore, in New Keynesian models, the strength
of the demand effect. Linnemann and Schabert (2003) show how the real
interest rate effect depends on the chosen monetary policy regime. In the
vast majority of DSGE models, monetary policy is modelled as a Taylor-type
interest rule. According to the Taylor principle, in order to guarantee the
uniqueness of the equilibrium of the model, the central bank has to adjust the
nominal interest rate more than one-for-one with changes in inflation (see e.g.
Woodford 2003). The application of the Taylor rule implies that the rise in
prices caused by a fiscal policy shock is always accompanied with an (more
than one-for-one) increase in the nominal interest rate, and thus a rise in the
real interest rate. The rise in the real interest rate has a contracting effect on
private consumption.

In contrast, when a small country belongs to a monetary union, the nomi-
nal interest rate controlled by the currency union central bank does not react
to the speeding up of inflation in the small member state, and therefore the
real interest rate always falls and attenuates the fall in private consumption.
Fiscal stimulus is, thus, more effective in this kind of framework than in more
conventional closed-economy New Keynesian models or in open economy mod-
els with independent monetary policy. This result is similar to the property
discussed earlier that fiscal policy is more effective when there is a lower bound
on monetary policy. In both cases, the nominal interest rate does not adjust to
changes in prices and the resulting lower real interest rate is responsible for a
less negative response of private consumption and consequently larger output
multipliers.

The comparison of fiscal stimulus effects in different structural models by
Coenen et al. (2010) reaches the same conclusion that the response of central
banks to fiscal shocks is crucial in assessing the size of fiscal multipliers. Ilzet-
zki, Mendoza and Végh’s (2011) estimates of fiscal multipliers seem to confirm
this connection. Using a new data set of 20 high-income and 24 developing
countries, they conclude that in economies with predetermined exchange rate
regimes fiscal multipliers are larger than in countries with flexible exchange rate
arrangements, and this difference can be attributed to the different degrees of
monetary accommodation to fiscal shocks.

1.5 The unemployment volatility puzzle

The unemployment volatility puzzle has been a key challenge for modern
macroeconomic modelling. Shimer (2005) argued that the conventional model
of unemployment dynamics as outlined in Mortensen and Pissarides (1994),
and Pissarides (2000) incorporated in a dynamic general equilibrium frame-
work has difficulties in explaining the observed volatility of employment to-
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gether with the rigidity in wages in the face of technology shocks. Shimer
further asserted that the problem arises because, in the standard model, the
wage is renegotiated in every period by Nash bargaining and is thereby let to
adjust very easily to changes in the economic environment. In the growing
body of literature that has attempted to explain the problem the focus has
accordingly been on ways to amplify the response of vacancies and unemploy-
ment to shocks.

The studies that seek to answer the Shimer critique can be roughly divided
into two parts: those that aim at making the match surplus small and those
that add rigidity in the adjustment of wages. Hall (2005b) and Pissarides
(2009) include surveys of the range of alternative models proposed to solve the
unemployment volatility puzzle.

A number of contributions (see e.g. Trigari, 2006; Hagedorn and Manovskii,
2008; and Costain and Reiter, 2008), have identified the magnitude of the
match surplus as a key factor contributing to explaining the unemployment
volatility puzzle. The intuition is that a smaller surplus reacts more to shocks
of equal size and translates into increased volatility of labour market variables.
Hagedorn and Manovskii’s (2008) approach has, however, been criticized for
having obtained this result by calibrating the worker’s negotiation parameter
to abnormally low and unemployment benefit to abnormally high values.

Another direct way to address Shimer’s critique is to include in the Mortensen-
Pissarides framework additional rigidity in the adjustment of wages. Within
this wage rigidity approach to the Shimer puzzle one strand of the literature
believes that it is necessary to depart from standard Nash bargaining to solve
the unemployment volatility puzzle (see e.g. Hall and Milgrom, 2008). The
idea is to find an alternative wage equation to the Nash wage equation that
would deliver more wage stickiness. The rest of the studies in this research
area keep the assumption of Nash bargaining and introduce explicit rigidity in
wage formation in order to amplify labour market fluctuations.

Hall (2005a) introduced real wage rigidity in the form of a backward looking
social wage norm. The wage norm limits the adjustment capability of wages
and therefore directly increases the adjustments on the labour quantity side.
The wage norm has, however, been criticized for its ad hoc nature. Gertler
and Trigari (2009) modify the conventional Mortensen-Pissarides model to
allow for staggered multiperiod wage contracting, and are able to replicate the
key labour market volatilities found in the data. In addition to the volatility
measures, and unlike many other explanations of the unemployment volatility
puzzle, their model is also able to match other important comovements in the
data. A further advantage of the latter approach compared to a simple ad
hoc wage norm is that the key primitive parameter is the average frequency of
wage adjustment, as opposed to an arbitrary partial adjustment coefficient in
the wage equation. This framework thus delivers the essential feature of the
sticky-wage model, the sensitivity of the employer’s surplus from a new hire
to current economic conditions.

The most important empirical criticism of the rigid wage approach rests on
the claim that the wages of new matches are not found to be rigid. Pissarides
(2009) finds on the basis of microeconometric evidence that wages in new
matches are volatile and consistent with the key predictions of the standard
model. Haefke et al. (2009) argue likewise that wages are flexible at the start
of new jobs. On the other hand, Gertler and Trigari (2009) point out that
evidence is not sharp enough to support this claim for two reasons. Data in



almost all cases does not match workers with firms and existing studies do not
control for cyclical changes in job quality. They argue that after controlling
for these compositional effects the wages of new hires are not more cyclical
than existing workers’ wages. In addition, Galuscak et al. (2010) find that 80
percent of the firms surveyed by the Eurosystem’s Wage Dynamics Network
report that internal factors such as a collective wage agreement and an internal
pay scale are more important in determining the wages of new hires than
external labour market conditions.

The recent book by Shimer (2010) confirms that adding wage rigidity re-
stores the ability of the Mortensen Pissarides model to replicate data and pro-
duce realistic fluctuations in labour market variables. The model constructed
in this thesis belongs to these rigid-wage explanations of the unemployment
volatility puzzle. Gertler and Trigari’s (2009) bargaining framework is chosen
as the core mechanism generating wage rigidity but the approach differs most
importantly in that the studies in this collection of essays analyze labour mar-
ket fluctuations from the perspective of a small open economy and add a more
detailed fiscal policy block to the underlying model framework. The wage
bargaining problem is also complicated by the introduction of distortionary
taxation.

The result of e.g. Den Haan et al. (2001) that in a job matching model
higher tax rates lead to a larger rise in unemployment as a response to a
negative technology shock (also Andrés et al., 2006, and Vanhala, 2007, get the
same result) can be rationalized in the context of the unemployment volatility
puzzle debate. Distortionary labour taxes are namely one way to make the
surplus from working smaller, and thus make it react more strongly to current
economic conditions. Distortionary labour taxes thus tend to amplify labour
market fluctuations. It is a standard result from the labour market matching
literature that proportional tax rates influence the division of the total surplus
from a job in equilibrium, irrespective of the bargaining horizon (Pissarides,
2000). More specifically, the distortionary labour taxes on both the worker
and the firm have the impact of lowering the effective bargaining weight of
the worker. The introduction of distortionary taxes therefore essentially works
in the same direction as Hagedorn and Manovskii’s (2008) solution to the
unemployment volatility puzzle, based on calibrating the worker’s negotiation
parameter to low and unemployment benefit to high values.

The possibility of changing taxes over time also interacts with the specific
bargaining framework. In particular, when the bargaining horizon extends
over multiple periods, agents also need to take into account in their bargaining
behaviour the future path of taxation. The prospect of future increases in
labour taxes further decreases the worker’s relative effective bargaining weigth
and thus amplifies the small surplus effect. This interaction complicates the
bargaining model, but it is hardly an unrealistic assumption that labour taxes
are one key factor that wage negotiators would consider in the real world.
However, while the inclusion of proportional labour taxes takes one step to-
wards alleviating the unemployment volatility puzzle, this effect does not turn
out to be quantitatively important enough. Therefore, it does not preclude
the need for additional rigidity in wage formation.
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1.6 Assessing Finnish labour market volatilities

The debate on labour market volatilities and the ability of the search and
matching model to replicate the stylized facts started from the United States,
and analysis has accordingly until now been mostly carried out with U.S. data.
There are, however, many reasons to believe that observed labour market
volatilities as well as the underlying mechanisms that generate this volatility
are very country-specific, and accordingly any model destined to analyze and
predict the economic developments of a given country has to be tailored to
that country’s specific needs.

The second essay investigates labour market volatilities in Finland. As any
empirical study on the Finnish economy, this analysis also faces the challenge
of huge structural shifts in the data. The Finnish depression of the early
1990’s was so severe that it has earned a place on Reinhart and Rogoff’s
(2008) list of the "Big Five" postwar rich country large-scale financial crises. A
specific feature of that depression was the dramatic increase in unemployment
to fivefold levels within a few years time. This exceptional period dominates
the time series behaviour of any labour market variable. Due to its specific
features, that time period should not primarily be analyzed with the help of a
business cycle model. Moreover, any attempt to describe these labour market
developments as the economy’s response to just a technology shock does not
make sense.

Although the Finnish experience is an extreme example of the challenges
that may come up in matching a specific model to time series data, this ques-
tion is surprisingly largely ignored in the unemployment volatility puzzle liter-
ature. The only feature that has been explored in more detail is the cyclicality
of inflows and outflows into unemployment (see Shimer, 2005, Yashiv, 2007,
Pissarides, 2009 and Elsby, Michaels and Solon, 2009). The inconclusiveness
in the literature about the cyclical behaviour of inflows and outflows into un-
employment suggests that this cyclical pattern may have changed over time.
There is reason to believe that in addition to the cyclicality of job creation and
job destruction many other economic processes are different nowadays from the
1950’s when the Shimer data starts.

In Finland, there have also been significant changes during the past few
decades in the openness of the economy, including a shift in the monetary
regime to membership in the Euro area. The degree of openness of the econ-
omy and the extent of monetary accommodation are key factors determin-
ing the economy’s adjustment to shocks. In the literature on macroeconomic
adjustment within a monetary union (see e.g. Amisano, Giammarioli and
Stracca, 2009, Angeloni and Ehrmann, 2007, and European Commission, 2008
for recent studies) it is well-known that an asymmetric shock that lowers the
domestic price level but does not affect unionwide inflation, for example a
positive technology shock, has two counteracting effects. First, in the short
run, the rise in the real interest rate implied by lower domestic prices has a
contracting effect on the economy that may further depress domestic prices.
On the other hand, lower domestic prices translate into a real exchange rate
depreciation, a gain in competitiveness, and an increase in exports that stim-
ulates the economy and ultimately imposes a real exchange rate appreciation
through speeding up of domestic inflation. These underlying mechanisms have
to be taken into account when comparing Finnish labour market fluctuations
to those in other countries.
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The labour market response to technology shocks has been the subject of
considerable debate in the literature. Gali (1999) showed that, unlike the real
business cycle model, the New Keynesian model is able to replicate the em-
pirical finding of negative comovement of employment and productivity after
a technology shock. The reason is that price rigidity attenuates the aggregate
demand effect of technology shocks. When productivity improves but only a
fraction of firms lower prices, the rise in aggregate demand may be less than
that of productivity, and employment falls. Basu, Fernald and Kimball (2006)
provide recent empirical evidence that positive technology shocks are followed
by a short run decline in employment. Collard and Dellas (2007) show that
in an open economy a technology shock can cause a decline in employment if
the elasticity of substitution between domestic and foreign goods is low. This
is because the resulting deterioration in the terms of trade would discourage
domestic output expansion. Thus the open economy dimension could enhance
the sticky-price model’s ability to account for this empirical finding (see also
Tervala, 2007).

While the model built in this thesis behaves in line with these standard re-
sults on the responses to a technology shock in a small monetary union member
state and in a New Keynesian economy, it extends the analysis of the labour
market responses to technology shocks by including matching frictions. As the
focus is on the unemployment volatility puzzle, the key variables of interest
are unemployment, vacancies and labour market tightness. Prior to this the-
sis the literature on the unemployment volatility puzzle has concentrated on
matching closed economy models to data. Of the two counteracting effects of
technology shocks in a monetary union member state, the real interest rate
effect has the tendency to dampen employment fluctuations, because a rising
real interest rate discourages vacancy posting. On the other hand, the real
exchange rate effect should amplify vacancy creation because it enforces the
aggregate demand effect. The exact influence of the monetary union member
state dimension on labour market fluctuations is thus ultimately an empirical
question.

1.7 Labour market frictions and nominal rigidities in
estimated DSGE models

The usual approach in the unemployment volatility puzzle literature is to try
to quantitatively match the model moments and correlations under a single
(technology) shock to unconditional data moments. While the role of technol-
ogy shocks in driving business cycles is overall being increasingly questioned
(see e.g. Gali and Rabanal, 2004) these doubts may be even more relevant
when considering economies with a high degree of openness (see e.g. Khan
and Tsoukalas, 2005). It is clear that in reality several sources of stochasticity
drive aggregate economic activity and are responsible for the fluctuation of
labour market variables.

Recent advances in Bayesian estimation techniques offer the possibility to
empirically analyze whole macroeconomic frameworks, and permit to account
for a complete range of shocks that hit the economy. While much work re-
mains to be done to empirically validate large dynamic general equilibrium
models, Bayesian full information methodology offers important economic and
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statistical advantages compared with other available strategies. These advan-
tages are especially obvious in the case of medium and large scale models.
An and Schorfheide (2007) review Bayesian estimation techniques that have
been developed for the empirical analysis of DSGE models and the books by
Canova (2007) and Dave and DeJong (2007) provide further material. While
there is already a wide range of estimated DSGE models in the literature and
in use in policy institutions, especially in central banks, the work on model
versions that incorporate labour market frictions has just started during the
past few years. Many of the estimated models take as their starting point the
Smets and Wouters (2003) model, including the extension of Gertler, Sala and
Trigari (2008) that allows for labour market frictions and staggered nominal
wage contracting.

Gertler, Sala and Trigari (2008) find that the model with wage rigidity pro-
vides a better description of the data than a flexible wage version. Christof-
fel, Kuester and Linzert (2009) estimate a similar model with labour mar-
ket frictions and multiperiod wage contracting but concentrate on the role of
labour markets for Euro area monetary policy. Faccini, Millard and Zanetti
(2010) estimate a New Keynesian model with matching frictions and nominal
wage rigidities on UK data including a simplified version of Gertler, Sala and
Trigari’s (2008) staggered bargaining framework. The third essay employs a
similar labour market structure than Gertler, Sala and Trigari (2008), and
estimates the New Keynesian DSGE model built in the previous essays with
Finnish data using Bayesian Maximum Likelihood methods. The framework
is again modified to take into account the monetary union membership and
the presence of distortionary taxes that may have a role in determining the
reaction of the Finnish economy to different kinds of disturbances.

Of the estimated models that do not include labour market frictions, the
following are in other respects close to the approach adopted in this thesis.
Adolfson, Laséen, Lindé and Villani (2007) evaluate a small open-economy
model estimated on Swedish data. Sweden and Finland share some important
economic features including many labour market structures and wage negoti-
ation traditions but these are not at the centre of the analysis by Adolfson et
al.. Their model features instead a monopolistic labour market typical in New
Keynesian models. Almeida (2009) estimates a New Keynesian DSGE model
for the Portuguese economy which, like Finland, is a small Euro area member
state. The Bank of Finland’s AINO model (see Kilponen and Ripatti, 2006)
was among the first DSGE models that was operative in a policy institution
for both simulations and forecasting. More recently Freystéitter (2010) has
estimated a New Keynesian DSGE model with financial frictions with Finnish
data. The third essay is, however, the first estimation of a model with labour
market frictions and wage rigidity on the Finnish economy.

While sticky prices and wages are key contributions of the New Keyne-
sian model, there still seems to be considerable uncertainty concerning the
degree of rigidities and the right combination of rigity and indexation. A
common feature of many of the above studies, including the ones with labour
market frictions, is that they provide posterior distributions for the nominal
rigidity parameters, but several report difficulties in identifying them prop-
erly. Gertler, Sala and Trigari (2008) find that it is very difficult to separately
identify labour market parameters that are key determinants of effective wage
rigidity, suggesting that additional labour market information could be use-
ful. On the other hand, Christoffel, Kuester and Linzert (2009) point out the
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possible measurement problems related to labour market data, including the
time series that are at the core of the search and matching literature. Also the
choice of the right wage measure is important. While one advantage of adding
labour market frictions and staggered wage bargaining is that the wage rigid-
ity parameter gets the explicit interpretation of contract length, data often
includes also other wage changes than those on base pay.

Canova and Sala (2009) argue that to address identification issues in the
Bayesian estimation of DSGE models every model should at least be tested
for the sensitivity with respect to different priors. Del Negro and Schorfheide
(2008) have specifically pointed out the significance of the choice of priors for
assessing nominal rigidities. Moreover, the assessment of nominal rigidities
may importantly depend on other parameters, especially those describing ex-
ogenous processes. On the basis of the first attempts to estimate models with
labour market frictions, it appears that there might be interaction between
wage rigidity and labour market parameters, as well as labour market shocks
that could also lead to identification issues. More specifically, part of the es-
timated wage rigidity inherits the properties of the bargaining power shock in
the same way as estimated price rigidity inherits properties of price markup
shocks (see Rabanal and Rubio-Ramirez, 2008). This implies that while, on
one hand, it would seem important to include bargaining power shocks in the
model to account for exogenous variations present in the negotiation process,
but on the other hand, these variations are hard to quantify and prior beliefs
on them heavily influences the estimation results on wage rigidity.

Despite the uncertainties related to exactly quantifying the degree of wage
rigidity, existing studies seem unanimous on the fact that (some degree of)
wage rigidity is an important feature in explaining macroeconomic adjustment
to shocks. There are also tentative results, from the models that include
labour market frictions, on the important role of shocks originating from the
labour market. In particular, labour market shocks seem to importantly drive
fluctuations of key labour market variables (unemployment and vacancies)
but they also account for a non-trivial share of output fluctuations. This
would imply in practice that the functioning of the wage formation system
affects labour market outcomes, i.e. that the labour market organizations that
negotiate wage contracts are also importantly responsible for labour market
performance.

Next, the main features and principal results of the three separate essays
are summarized.

2 Overview of the essays

2.1 The role of labour markets for fiscal policy trans-
mission

The first essay studies the transmission of fiscal policy in the presence of labour
market frictions. In order to address the question the standard open-economy
New Keynesian business cycle model is extended in two dimensions: a detailed
formulation of fiscal policy, and labour market matching frictions along the
lines of Mortensen and Pissarides. Specifically, the transmission mechanisms
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of a small monetary union member state (see Gali and Monacelli, 2008) are
considered.

The focus is on the effects of government spending shocks on private con-
sumption, employment and the real wage that are still subject to considerable
uncertainty in the literature. In particular, it is identified how frictions in the
labour market shape these responses in the New Keynesian framework. The
approach is closest to Monacelli, Perotti and Trigari (2010) who investigate
output and unemployment fiscal multipliers in a real business cycle model
with labour market matching. New Keynesian features are combined with
debt-financing, distortionary taxes, and wage rigidity which, in the present
framework, turn out to be important determinants of the effects of fiscal shocks.

Different fiscal policy instruments that can be used to finance the public
debt that results from increased government spending are specifically consid-
ered. The instruments include lump-sum taxes, distortionary labour taxes
and consumption taxes. The analysis confirms the early finding by Baxter and
King (1993) that the chosen offsetting fiscal measure is critical for the effects of
fiscal stimulus. In particular, it is found that adding distortions to the labour
market increases the cost of fiscal stimulus in line with earlier results by Baxter
and King (1993) and e.g. Bilbiie and Straub (2004).

The role of labour market structures for fiscal policy is inspected especially
in the case of wage rigidity, introduced with the help of the staggered bar-
gaining framework of Gertler and Trigari (2009). This is because, in addition
to being an intuitively important element in the modelling of a small euro
area member country, wage rigidity has been found to be a central explana-
tion for the volatile behaviour of unemployment in business cycles driven by
technology shocks (see Shimer, 2010). Wage rigidity has also been found to
significantly affect the transmission of monetary policy shocks to the economy
(see Christoffel, Kuester and Linzert, 2009).

The main findings can be summarized as follows. First, the effects of fiscal
shocks in the baseline model with flexible wages are similar to the standard
New Keynesian model without labour market frictions. Output increases, the
response of private consumption is negative but small, and employment and
the real wage rise. While the mere presence of labour market frictions does not
significantly affect the sign or size of fiscal multipliers, a clear advantage com-
pared to the standard model is that the modelling of labour market frictions
helps to identify the transmission channels of fiscal policy to the labour market.
Following fiscal stimulus, firms see their future profit opportunities rise and
open new vacancies, increasing labour demand. At the same time, the negative
wealth effect both increases the supply of hours by each employed worker and
increases the relative value from employment for all workers. labour supply
increases along both the intensive and extensive margin. Real wages rise.

Second, the chosen offsetting fiscal measure is critical for the effects of fiscal
stimulus due to the different effects of different tax instruments on the labour
market. Most importantly, shifting the debt-stabilizing burden towards distor-
tionary labour taxes has detrimental effects on the labour market outcome and
on general economic performance in the flexible wage regime. The mechanism
works as follows. As the debt-stabilizing tax rule becomes operative, the higher
proportional tax rate decreases the relative value from employment, and feeds
through to a higher wage. Specifically, the wage bargaining model implies
that the negotiated contract wage rises to compensate workers for the other-
wise falling net income. The higher wage directly implies higher labour costs
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to firms which reduce the number of open vacancies and unemployment starts
rising. Due to this subsequent fall in employment, the contraction in private
consumption is larger than when public debt is adjusted through lump-sum
taxes.

Interestingly, we find that the consumption tax has less negative conse-
quences on the labour market than labour taxes because it has a smaller neg-
ative effect on the relative value from employment. This is because, unlike the
labour tax, it is also paid by the unemployed. It affects all types of household
income because consumption is proportional to labour income plus unemploy-
ment benefit transfers, while labour taxes only affect labour income. This
relates to a more general result in the tax shifting literature that most employ-
ment gains seem to be linked to the possibility of shifting the incidence of the
tax burden away from labour. Thus, adding structure to the labour market
helps us to better track down the effects of different debt-stabilizing tax in-
struments on labour market outcomes. In all the scenarios, the accumulation
of debt implies that tax rates are increased long after the fiscal stimulus phase
has finished resulting in a prolonged decline in output. Accordingly, long run
multipliers are negative.

Third, wage rigidity increases the magnitude of the short-term responses
of labour market variables to fiscal stimulus. Vacancies react more strongly
to stimulus in the short term, since firms’ profits are larger when all workers
cannot internalize the expected rise in taxes, and consequently firms’ labour
costs do not simultaneously rise. This is in line with the literature on labour
markets and business cycles (see Shimer, 2010), but different from Monacelli,
Perotti and Trigari (2010). The main distinguishing features of these two
approaches are the assumption on price rigidity and the behaviour of the real
interest rate. In the New Keynesian framework, as opposed to a real business
cycle model, rigid prices give rise to a labour demand effect as witnessed by
increased vacancy creation. Rigid wages amplify this labour demand effect
of fiscal stimulus on employment since firms’ expected profits now rise more
than with flexible wages. The importance of the extent of price rigidity for the
effects of fiscal policy has been identified earlier also by e.g. Gali, Lépez-Salido
and Vallés (2007).

Finally, the open economy dimension plays a role. In the present model,
the real interest rate always falls in response to a government spending shock
because the rise in prices in the small currency union member state caused
by increased aggregate demand is not counteracted by tightening monetary
policy by the currency union’s central bank. This effect is large enough to
overturn the upward pressure on the real interest rate caused by the rise in the
shadow value of wealth. The falling real interest rate makes fiscal policy more
effective compared to a standard closed economy setup where accommodative
monetary policy would counteract the rise in prices and the real interest rate
would rise.

Furthermore, our results indicate that while wage rigidity would seem to
make fiscal policy more effective in the short term, in the longer term, the
gradual increase in the wage causes a prolonged increase in unemployment to
above the steady state level. Public debt stays higher and the negative effect on
private consumption is larger than when wages are flexible. Wage rigidity also
affects the relative preferability of different debt-stabilizing tax instruments.
Finally, expansionary tax shocks do not at first glance seem to be as effective
as spending shocks, but turn out, in the longer run, to lower unemployment
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more than fiscal stimulus via government spending, and have a positive effect
on private consumption.

2.2 The Finnish unemployment volatility puzzle

The second essay investigates the unemployment volatility puzzle in Finland.
The ability of a New Keynesian dynamic stochastic general equilibrium (DSGE)
model with labour market frictions to reproduce key volatilities found in Finnish
business cycle data is explored. Different versions of the model are tested to
find out which specification gets closest to fitting the labour market dynam-
ics in Finland. Specific emphasis is put on modelling the wage bargaining
framework as well as distortionary labour taxes that affect labour market par-
ticipants’ decisions. Rigidity in the adjustment of wages is added in the form
of staggered bargaining initially developed by Gertler and Trigari (2009). One
advantage of this approach is that wage rigidity gets the explicit interpretation
of longer wage contracts.

There is no previous literature on the unemployment volatility puzzle in
Finland. The debate on labour market volatilities and the ability of the search
and matching model to replicate the stylized facts started from the United
States (Shimer, 2005), and analysis has accordingly been mostly carried out
with U.S. data. There is, however, reason to believe that the volatility of
European labour market variables could differ from those in the U.S.. Gartner,
Merkl and Rothe (2010) investigate labour market volatilities in Germany,
and show that vacancies, labour market tightness and the job-finding rate are
roughly twice as volatile compared to the volatility of labour productivity as
in the United States.

We use Finnish business cycle data for the period from 1981Q1 to 2010Q4,
and find that labour market volatility is also in Finland almost twice as high
as in the U.S., meaning that solving the unemployment volatility puzzle is a
priori even more challenging. However, the deep recession of the early 1990’s
clearly dominates the behaviour of Finnish labour market series suggesting
that a separate explanation might be needed for this exceptional time period.
Moreover, in that period many of the Finnish economy’s structures significantly
differed from those in place today making it possibly misleading to use the
same model framework to explain fluctuations in the pre-depression years as
opposed to the post-depression period.

In our main analysis we therefore concentrate on the period 1994-2010
which is found to exhibit very different labour market volatilities compared
with those found in the earlier data period and under the depression years.
These volatilities which are just a half of those found in the U.S. can easily be
explained with the help of our New Keynesian DSGE model framework.

In addition to our calibration of the surplus from employment to match the
Finnish data, including distortionary taxes on labour, wage rigidity is a par-
ticularly promising candidate for explaining Finnish labour market volatilities.
Countercyclical taxes are also able to bring the model-implied volatilities close
to the data, but they worsen the model in some other dimensions. Similarly,
countercyclical job separations increase the volatility of unemployment but are
not able to explain other key features of the data. The advantage of the model
with wage rigidity is precisely that it generates, in addition to volatilities that
match the data, realistic comovements between different variables.
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We also discuss the much larger labour market volatilities of the period
1981Q1-1993Q4 in Finland. We find that most of the specific features that
characterized the Finnish economy in that period are such that they increase
the magnitude of the responses of labour market variables to shocks in our
model economy. In that context we consider e.g. other than productivity
shocks, the different monetary regime and more rigid wages. Some observed
features of the Finnish economy that did not seem to characterize the labour
market volatilities of the later data period, such as countercyclical separations,
could have had a role in magnifying the shocks in the earlier period.

2.3 Labour market frictions and wage rigidity in an es-
timated DSGE model of the Finnish economy

The third essay empirically analyzes the role of labour market frictions and
wage rigidity in shaping Finnish business cycle fluctuations, as well as the
role of different shocks, including labour market shocks, in driving the Finnish
economy. For this purpose, the New Keynesian DSGE model built in the
earlier essays is estimated using Bayesian Maximum Likelihood methods. The
objective is to find a model that best describes Finnish business cycles, in
particular the behaviour of labour markets. The focus is on the mechanisms
that affect the dynamic behaviour of the economy which are at the core of New
Keynesian macroeconomics. We specifically assess the role of wage rigidities.

The relevance of frictions on the labour market and of wage rigidity has
received a lot of attention in the recent macroeconomic literature. It has been
shown that models with these features are better equipped to reproduce em-
pirically observed business cycles (see Shimer, 2010, and Gertler and Trigari,
2009). The typical approach in this branch of the literature has been to match
DSGE model-implied moments to data moments assuming that technology
shocks drive economic activity. Following this approach it was found, in Ob-
stbaum (2011), that a calibrated model for the Finnish economy with labour
market matching and moderate rigidity in wage determination provided model
moments that best corresponded to data moments for the time period 1994-
2010.

While this moment comparison approach has become the typical one in
the literature, recent advances in Bayesian estimation techniques offer a better
possibility to analyze the complete macroeconomic framework, and empirically
investigate the significance of different mechanisms such as wage rigidity for
model performance. This full information procedure also permits to account
for a complete range of shocks that hit the economy.

There are only a few previous estimation studies that feature a similar
labour market structure and rigidity in wage setting than that used in this
thesis. Gertler, Sala and Trigari (2008), which is the closest reference for the
present approach, 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. In the third essay, a similar labour market
structure is employed but the model is modified to account for monetary union
membership and for distortionary taxes that may importantly determine the
reaction of the Finnish economy to different kinds of disturbances.
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As in Christoffel, Kuester and Linzert (2009) labour market data is included
into the estimation procedure. They argue that despite possible measurement
problems related to labour market data these series are at the core of the search
and matching literature and should therefore be included in the set of observ-
able time series in order to help the identification of parameters. As they do, in
the present work labour market shocks are also added and their significance for
shaping the cyclical behaviour of selected key variables is analyzed. Faccini,
Millard and Zanetti (2010) estimate a New Keynesian model with matching
frictions and nominal wage rigidities on UK data but they do not include labour
market shocks or labour market data. Their staggered bargaining framework
is a simplified version of Gertler, Sala and Trigari (2008). They establish that
while wage rigidity enables the model to fit the data more closely, the model
is unable to precisely identify the frequency of wage adjustment.

The third essay is a first attempt at estimating a model with labour mar-
ket frictions and wage rigidity on the Finnish economy. The contribution is
twofold. First, we obtain estimates of nominal rigidities and wage indexation
that are in line with the existing literature and give an economically plausible
picture of the Finnish economy. We establish that wage rigidity is empirically
relevant for the Finnish business cycle, and provide a detailed assessment of
the significance of prior beliefs on the degree of wage rigidity. We find that
the data seems to support a relatively wide range of different degrees of wage
rigidity conditional on the assumption of exogenous disturbances to wage ne-
gotiations. In particular, it appears that the nature of shocks to the bargaining
power of workers, similarly to wage markup shocks in the conventional New
Keynesian model with monopolistic labour suppliers, importantly affect the
conclusions that can be made on wage rigidity.

While the exact degree of rigidity of nominal wages is left unclear, the
indexation of wages to past inflation seems to be an important feature of the
Finnish economy. As this can be translated into relatively high effective real
wage rigidity, it corresponds well to previous evidence on the high degree of
real wage rigidity in Finland. Price rigidity is estimated to be lower than in
many other similar models but is again well in line with Finnish evidence.

Second, our estimation approach sheds more light on the magnitude and
effects of different shocks in the Finnish economy. Of the conventional shocks,
the shock to export demand is especially important as expected for a small
open economy. We also add labour market shocks to account for exogenous
disturbances originating in the labour market that our model is not able to
fully capture although the labour market extension we apply is much more
detailed than that of the standard New Keynesian model. We find that labour
market shocks importantly drive fluctuations of labour market variables (un-
employment and vacancies) but they also account for a non-trivial share of
output fluctuations.
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The Role of Labour Markets for
Fiscal Policy Transmission

Abstract

This paper identifies how frictions in the labour market shape the
responses of the economy to government spending shocks. The open
economy New Keynesian DSGE model is extended by labour market
frictions of the Mortensen-Pissarides type and a detailed description of
fiscal policy. The nature of offsetting fiscal measures is found to be criti-
cal for the effects of fiscal stimulus, due to the different effects of different
tax instruments on the labour market. Specifically, shifting the debt-
stabilizing burden towards distortionary labour taxes has detrimental
effects on the labour market outcome and on general economic perfor-
mance in a flexible wage regime. The results indicate that wage rigidity
increases the effectiveness of fiscal policy in the short term but leads to
a worse longer term development including unemployment above steady
state levels. The analysis suggests that a closer look at the function-
ing of labour markets may help to identify fiscal policy transmission
channels not captured by the standard New Keynesian model.

1 Introduction

This paper studies the transmission of fiscal policy in the presence of labour
market frictions. In order to address the question we extend the standard
open-economy New Keynesian (NK) business cycle model in two dimensions: a
detailed formulation of fiscal policy, and labour market matching frictions along
the lines of Mortensen and Pissarides (MP). We consider a small monetary
union member state following Galf and Monacelli (2008).!

Fiscal policy is back at the centre of the policy debate. After the imple-
mentation of huge fiscal stimulus packages to counter the effects of the global
financial crisis, the focus has shifted on the alternative ways to pay back the
resulting large increases in government debt. At the same time, there is con-
tinuing uncertainty, both in the empirical and theoretical literature, on what
the effects of fiscal policy really are. The positive effect of increased govern-
ment spending on output is widely acknowledged. But the magnitude of the
output multiplier as well as effects on especially private consumption and the
real wage are still debated.

IThis paper was related to a larger modelling project where the objective is to build
a framework for the macroeconomic analysis of the Finnish economy. The choice of the
theoretical framework is, therefore, guided by specific country characteristics such as the
requirements of Euro area membership, the wage negotiation tradition and rigidity in wage
setting. As the focus is on fiscal policy, the relevant tax instruments are included in the
analysis.



The New Keynesian model in its standard form predicts positive output
multipliers and a negative response of private consumption to government
spending shocks. An increase in government spending is interpreted, by in-
tertemporally optimizing consumers, as a future rise in taxes, and consequently
as a fall in their lifetime resources. Therefore, households reduce their demand
for consumption and leisure, if both are normal goods. The negative effect
on private consumption is, however, typically smaller than in real business
cycle (RBC) models because, when prices are rigid, firms increase labour de-
mand as they respond to increased aggregate demand (see e.g. Linnemann
and Schabert, 2003).

The responses of employment and the real wage to fiscal shocks have re-
ceived much less attention than effects on output and private consumption. In
the New Keynesian framework, the increase in labour demand together with
the increase in labour supply can drive up the real wage, or at least make it
fall by a smaller amount, and employment may increase. Hall (2009) assesses
in a recent paper the effects of increased government purchases to GDP in the
New Keynesian framework.

We focus on the effects of government spending shocks on private con-
sumption, employment and the real wage, and identify how frictions in the
labour market shape these responses in the New Keynesian framework. The
approach is closest to Monacelli, Perotti and Trigari (2010) who investigate
output and unemployment fiscal multipliers in an RBC model with labour
market matching. They consider New Keynesian features as one extension to
their baseline model but do not combine these features with debt-financing
and distortionary taxes or with wage rigidity which, in the present framework,
turn out to be important determinants of the effects of fiscal shocks. Recent
research on monetary policy in the presence of labour market frictions (see
e.g. Christoffel, Kuester and Linzert, 2009) is also a close reference, and indi-
cates that these frictions may have an important role in shaping the economy’s
response to shocks.

We consider specifically different fiscal policy instruments that can be used
to finance the public debt that results from increased government spending.
This approach is motivated by the early finding by Baxter and King (1993) that
the chosen financing scheme is a crucial assumption for the effects of fiscal pol-
icy. Since that finding, this question has received surprisingly little attention
in the otherwise abundant literature on the effects of government spending.
More recently, however, e.g. Bilbiie and Straub (2004) have recognised that
the way fiscal shocks are financed, shapes the response to a government spend-
ing shock in a New Keynesian model as well. Gali, Lépez-Salido and Vallés
(2007) find, considering only lump-sum taxes, that the intertemporal path of
taxation, i.e. how strongly and quickly taxes react to debt and deficit, shapes
the response of the economy to government spending shocks. Corsetti, Meier
and Miiller (2009), in turn, have analyzed a policy where part of the stimulus
is financed by reductions in spending over time in a small open-economy NK
model, and find that these spending reversals significantly alter the impact of
increased public spending.

The role of labour market structures for fiscal policy is inspected especially
in the case of wage rigidity, introduced with the help of the staggered bar-
gaining framework of Gertler and Trigari (2009). This is because, in addition
to being an intuitively important element in the modelling of a small euro
area member country, wage rigidity has been found to be a central explana-



tion for the volatile behaviour of unemployment in business cycles driven by
technology shocks (see Shimer, 2010). Wage rigidity has also been found to
significantly affect the transmission of monetary policy shocks to the economy
(see Christoffel, Kuester and Linzert, 2009).

Our main findings can be summarized as follows. First, the effects of fiscal
shocks in our baseline model with flexible wages are similar to the standard
New Keynesian model without labour market frictions. Output increases, the
response of private consumption is negative but small, and employment and
the real wage rise. While the mere presence of labour market frictions does not
significantly affect the sign or size of fiscal multipliers in the present framework,
a clear advantage compared to the standard model is that the modelling of
labour market frictions helps to identify the transmission channels of fiscal
policy to the labour market. Following fiscal stimulus, firms see their future
profit opportunities rise and open new vacancies, increasing labour demand.
At the same time, the negative wealth effect both increases the supply of hours
by each employed worker and increases the relative value from employment for
all workers. labour supply increases along both the intensive and extensive
margin. Real wages rise.

Second, the chosen offsetting fiscal measure is found to be critical for the
effects of fiscal stimulus, due to the different effects of different tax instruments
on the labour market. Most importantly, shifting the debt-stabilizing burden
towards distortionary labour taxes has detrimental effects on the labour mar-
ket outcome and on general economic performance in the flexible wage regime.
As the debt-stabilizing tax rule becomes operative, the higher proportional
tax rate decreases the relative value from employment, and feeds through to
a higher wage. Specifically, the wage bargaining model implies that the nego-
tiated contract wage rises to compensate workers for the otherwise falling net
income. The higher wage directly implies higher labour costs to firms which
reduce the number of open vacancies and unemployment starts rising. Due to
this subsequent fall in employment, the contraction in private consumption is
larger than when public debt is adjusted through lump-sum taxes. Interest-
ingly, we find that the consumption tax has less negative consequences on the
labour market than labour taxes because it has a smaller negative effect on
the relative value from employment. Adding structure to the labour market
thus helps us also to better track down the effects of different debt-stabilizing
tax instruments on labour market outcomes.

Third, wage rigidity increases the magnitude of the short-term responses
of labour market variables to fiscal stimulus. Vacancies react more strongly to
stimulus in the short term, since firms’ profits are larger when workers cannot
internalize all the expected rise in taxes, and consequently firms’ labour costs
do not simultaneously rise. This is in line with the literature on labour markets
and business cycles (see Shimer, 2010), but in contrast to Monacelli, Perotti
and Trigari (2010). The main differences in these two approaches are the
assumption on price rigidity and the behaviour of the real interest rate. In
the New Keynesian framework, as opposed to a RBC model, rigid prices give
rise to a labour demand effect as witnessed by increased vacancy creation.
Combined with rigid prices, rigid wages amplify the labour demand effect of
fiscal stimulus on employment since firms’ expected profits rise more than with
flexible wages. The importance, for the effects of fiscal policy, of the extent of
price rigidity has been identified earlier by e.g. Gali, Lopez-Salido and Vallés
(2007).



In addition, in the present model, the real interest rate always falls in
response to a government spending shock because the rise in prices in the
small currency union member state caused by increased aggregate demand is
not counteracted by tightening monetary policy by the currency union’s central
bank. This effect is large enough to overturn the upward pressure on the real
interest rate caused by the rise in the shadow value of wealth. The falling real
interest rate makes fiscal policy more effective compared to a standard closed
economy setup where accommodative monetary policy would counteract the
rise in prices and the real interest rate would rise. This is in line with Hall
(2009) who notes that fiscal multipliers are larger if monetary policy does not
lean against the expansionary effect on increased government spending and
Christiano, Eichenbaum and Rebelo (2011).discuss this issue in the natural
scenario when the zero bound on nominal interest rates is binding.

Furthermore, our results indicate that while wage rigidity would also seem
to make fiscal policy more effective in the short term, in the longer term, the
gradual increase in the wage causes a prolonged increase in unemployment to
above the steady state level. Public debt stays higher and the negative effect of
private consumption is larger than when wages are flexible. Wage rigidity also
affects the relative preferability of different debt-stabilizing tax instruments.
Expansionary tax shocks do not at first glance seem to be as effective as spend-
ing shocks, but turn out, in the longer run, to lower more unemployment than
fiscal stimulus via government spending, and have a positive effect on private
consumption.

The remainder of the paper is organised as follows: Section 2 describes
the model, Section 3 evaluates the steady state properties of the model and
summarizes the transmission channels of fiscal policy, Section 4 presents the
parameterization of the model and the results from dynamic simulations. Sec-
tion 5 concludes.

2 The model

2.1 General features

The model considers a small monetary union member state and builds in this
respect on Gali and Monacelli (2008). 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. For
simplicity, capital is not included as a factor of production. The framework is
augmented by a Mortensen and Pissarides (MP) search and matching labour
market model (Mortensen and Pissarides, 1994; Pissarides 2000).



The structure of the standard labour market matching model has been
amended with some key features that have, in more recent literature, been
found useful in capturing the data and explaining the so-called unemployment
volatility puzzle.?. There is an emerging consensus that labour market fric-
tions, wage rigidities and staggered price setting together are needed to explain
fluctuations in unemployment, and the effects of monetary policy shocks (see
e.g. Blanchard and Gali, 2010). These features are taken to be important also
for analyzing fiscal policy.

The present model adds rigidity in the adjustment of wages in the form
of staggered bargaining initially developed by Gertler and Trigari (2009), and
applied in Gertler, Sala and Trigari (2008) and Christoffel, Kuester and Linzert
(2009). Ome advantage of this 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.

In our framework, there is only one worker per firm, and the wage and
price setting decisions are separated from each other. labour market frictions
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 competition and set prices subject to Calvo rigidities. Final goods
are produced from domestic and imported intermediate inputs under perfect
competition.

The other extension of the model concerns the public sector. The govern-
ment’s fiscal policy instruments include a lump-sum tax, a proportional wage
tax paid by the employees, wage taxes paid by employers in the form of social
security contributions, as well as a consumption tax. The tax instruments re-
act to changes in the debt-to-output ratio according to simple fiscal feedback
rules. Government spending is subject to shocks.

2.2 Preferences

As in similar models, we adopt the representative or large household interpre-
tation. This implies perfect consumption insurance, a key assumption needed
to embed the Mortensen-Pissarides model in a general equilibrium 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 re-
sult, the employment and unemployment rates are identical at the household
level and across the population at large (see e.g. Merz, 1995).

2Shimer (2005) argues that, subjet to technology shocks, the MP model in its standard
form does not sufficiently reproduce the relatively smooth behavior of wages and relatively
volatile behavior of labor market variables observed in the data. Shimer further argues
that the problem arises because, in the standard model, the wage is renegotiated in every
period by Nash bargaining and therefore adjusts very easily to changes in the economic
environment. The volatility of wages absorbs a large part of the fluctuation that is actually
observed in employment variables. In the growing body of literature that has attempted
to explain the problem, also known as the unemployment volatility puzzle, the focus has
accordingly been on ways to amplify the response of vacancies and unemployment to shocks.
The range of alternative models proposed to solve the unemployment volatility puzzle include
both flexible and rigid wage variants and have been summarized in e.g. Hall (2005).



The representative household maximizes the expected lifetime utility of its
individual members

! i L 1—o Lo
JafSem
0 t=0

where C;,; is final good consumption by household member ¢ in period ¢,
» € (0,1) indicates an external habit motive, C;_; stands for aggregate con-
sumption in the previous period, h;; are hours worked by household member
7 in period t, and ¢ is a scaling parameter for the disutility of work. Disutility
of work is experienced by those members of the household who are employed,
ns. The inverses of o and ¢ are the elasticities of intertemporal substitution
and of labour supply respectively. The household’s (real) budget constraint is

B, B;
(1+Tt)ct+P+?t
= nt%ht (1 — Tt) + (]. — nt) b
TRt B, By Dy
—_— 2
+Pt+R“P+R (tl)Pt 2 (2)

The left-hand side of the equation describes the expenditures of the house-
hold. Consumption C} is subject to a proportional tax 7. The household can
buy two kinds of nominal one-period bonds, domestic B; and foreign B; which
form the portfolio of its financial assets and are both denominated in the com-
mon monetary union currency. Domestic bonds are issued by the domestic
government for which they represent debt. The right hand side describes the

household’s income sources which consist of after-tax real wage n; % ht (1—m1y),
Rt

unemployment benefits (1 — n;) b, lump-sum transfers , and of profit from

firm ownership P‘ Income is also received in the form of repayment of last
period’s domestic or foreign bond purchases. R; = (1+7}') stands for the gross
nominal return on domestic bonds. The interest rate paid or earned on foreign
bonds by domestic households R;_,p (b;_;) consists, in turn, of the common
currency union gross interest rate R;_; which, for the small member state is
taken to be exogenous, and a country-specific risk premium p (b* ) The risk
premium is assumed to be increasing in the aggregate level of foreign real debt
as a share of domestic output (—b; = P? ). 3
We leave aside for a moment the labour supply decision, which will be
dealt with in the section describing the labour market. Optimal allocations
are characterized by the following conditions

A
A= (1+79) )
= ﬂEt {Atﬂ Rt } (4)
Ti+1

3This is the debt-elastic interest rate assumption which is one of the mechanisms sug-
gested 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.

6



(5)

where A\, = (C; — »C;_1)7¢ is the marginal utility of consumption and 7, =
ijl is CPI inflation. The discount factor is the same for all optimizing agents

in the economy and is hereafter defined throughout the paper as 3,,,, =
ﬁ? Atts )

- 5 [, 2]
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/étombining the Euler conditions for domestic and foreign assets yields a
modified uncovered interest rate parity relation where no risk is associated with
exchange rate movements, as both domestic and foreign bonds are denominated
in the same currency.

Ry = Rip (b7) (6)

This arbitrage relation says that, as domestic and foreign bonds perfectly
substitute each other, their nominal returns to the consumers have to be equal
in equilibrium.

The risk premium on foreign bond holdings p (b}) follows the function

p (b)) = exp [— (bf — b)], with 7, >0 (7)

This should ensure the stability and determinacy of equilibrium in a small
member state of the monetary union model *. 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 arbitrage relation gets the form?®

Ry = Ry —,.b;

2.3 The labour market

The labour market brings together workers and intermediate good firms.

2.3.1 Unemployment, vacancies and matching

The measure of successful matches m; is given by the matching function

mi(ug, vy) = opulv; (8)

where my; is the flow of matches during a period ¢, and u; and v; are the stocks
of unemployed workers and vacancies at the beginning of the period. The
matching function is, as usual, increasing in both vacancies and unemployment,
concave, and homogeneous of degree one (see Petrongolo and Pissarides, 2001).
The Cobb-Douglas form implies that o is the elasticity of matching with respect

4 As Galf and Monacelli (2008) 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)

SHereafter, all variables marked with a hat denote the log deviation of that variable from
its steady state level.



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

4 =q (0:) = — =0’ 9)
Ut
m —c
th = etQtF (0:) = 17: = Umei (10)

and the inverse of these probabilities is the mean duration of vacancies and
unemployment.

0p = - is labour market tightness. The tighter the labour market is, or
the less there are unemployed people relative to the number of open vacancies
(i.e. larger 0,), the smaller the probability that the firm succeeds in filling
the vacancy and the larger the probability that the unemployed person finds a
job. Similarly, a decrease in the number of vacancies relative to unemployment
(smaller ¢,) implies that the unemployed person has a smaller probability to
find a job.

In the beginning of each period, a fraction of matches will be terminated
with an exogenous probability p € (0, 1).

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

ng = (1—=p)ngq+mey (11)

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 destruction, 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 separated 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 (12)

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. We will call this wage the contract wage.

The structure of the staggered multiperiod contracting model applied here
follows Gertler and Trigari (2009) and 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 Appendix A.3.

The idea of staggered wage bargaining is analogous to Calvo price setting.
Rigidity is created by assuming that a fraction « of firms are not allowed to
renegotiate their wage in a given period. As a result, all workers in those
firms receive the nominal wage paid the previous period w;_;. The constant
probability that firms are allowed to renegotiate the wage is labeled (1 — ).
Accordingly, (1% is the average duration of a wage contract. Thus, the com-
bination of wage i)argaining 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 effi-
cient Nash bargaining. In the baseline model, wages and hours are negotiated
simultaneously in each period. The firm and the worker choose the nominal
wage and the hours of work to maximize the weighted product of their net re-
turn from the match. When wages are rigid, it is assumed that as they become
productive, new matches 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 empirical differences in the flexibility of
new and existing worker’s wages.’

The contract wage w; is chosen to solve

max [H, (r)]" [J; (1)) (13)

subject to the random renegotiation probability. Hy(r) and Ji(r) are the
matching surpluses of renegotiating workers and firms respectively, and 0 <
1 < 1 is the relative measure of workers’ bargaining strength. The value equa-
tions describing the worker’s and the firm’s matching surpluses are the key
determinants of the outcome of the wage bargain.

Workers The value to the renegotiating worker of being employed consists
of after-tax labour income, the disutility from supplying hours of work and
the expected present value of his situation in the next period”. In the case of
non-renegotiation at time ¢ + 1, the worker gets the existing contract wage wy

6E.g. Pissarides (2009) and Haefke, Sonntag and Van Rens (2009) argue 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 affects job creation
and leads to more volatility in unemployment fluctuations. Before this debate is settled, we
follow Gertler and Trigari (2009).

"In the presence of perfect consumption insurance against different labour market out-
comes, it is necessary to define the worker surplus as the change in the household’s utility
of having one additional member employed. Accordingly, the worker surplus equation is ob-
tained by differentiating the household’s optimal value function with respect to the number
of workers. In addition, the resulting equation is expressed in terms of current consumption,
i.e. it is divided by the shadow price of consumption. For more details, see Trigari (2006).
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The value to the worker of being unemployed is

Uy=b+ESB . [¢f W+ (1= ") Upa (15)

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 ex-
pected present value of either finding a job or remaining 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 as-
sumption. 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, 11, the expected aver-
age value of being employed. New matches are subject to the same bargaining
scheme as existing matches, and therefore the 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 surplus of
those workers who renegotiate their wage in the current period

Hy(r) = Wy(r)=-U;
R S 1) N

+Et5t,t+1 (1-p) [7Ht+l(w:) +(1=7) Ht+1(w;‘+1)]
_qg/VEtﬂt,t-&-le,hLl (16)

For later use, it is useful to note that the value for the worker of not working
consists both of the lost utility of leisure and of a fixed unemployment benefit,
the second and third terms of the surplus equation respectively. Noting that

the marginal rate of substitution of consumers/workers is mrs; = Z’,((}Z:; allows

. This form will be used in later

mrsihe(1475)

us to rewrite the second term as T+

sections.

Intermediate firms For the firm that renegotiates the wage in the current
period, the value of the occupied job is equal to the profit of the firm in the
current period net of payroll taxes s;, and the expected future value of the job

8 Accordingly, the average surplus from working is Hpiy1 = ~yHepr(wy) +
(1 =) EyHyy 1 (wyy ). If the worker starts working in a firm that is not allowed to renegoti-
ate, he will get last period’s average wage. 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.

10



Hr) = allf ()~ Yo (14 5)
FE By (U= p) [ () + (1 =) o (wi)] (1)

P . . . . . .
where xf1 = g‘t.%‘t is the relative price of the intermediate sector’s good in

terms of the CPIQ; and f (hy) = zh* is match output. The marginal product
of labour is accordingly mpl, = azh,®~! = a%h:). labour-augmenting produc-
tivity z is identical for all matches and is not subject to shocks in the present
inspection.

The value to the firm of an open vacancy is

Vi=—k+EBridl [vIea(w) + (1 =) T (wi)] + BBy (1—qf) YH;
18

The value of a vacancy consists of a fixed hiring cost x, and of the expected
value from future matches. 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

ti:Etﬂt,tJrl (Vi (we) + (1 =) i (wfy)] (19)
t

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

Multiperiod bargaining set up Unlike with period-to-period bargaining
(see Appendix A.3), 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

nAJy (1) = (1 —n) X, H, (1) (20)

where the partial derivatives of the surplus equations w.r.t. the wage A, =

Ptm and ¥; = — P, 9J:(r) denote the effect of a rise in the real wage on the
Owy owt

worker surplus and (minus) the effect of a rise in the real wage on the firm’s
surplus respectively (see Appendix A.4 for details)

9The firm surplus is here expressed in terms of consumer prices, as opposed to producer
prices, to avoid confusion in computing the wage bargaining solution. As a result, the
intermediate firms get the nominal price Py x; for their product while they value this
revenue in terms of the CPI. This creates a channel for CPI-PPI differences to enter the
wage bargaining problem as explained in section 2.3. See also Faia et al. (2010) for discussion
on this subject.

11
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Yy =hy (14 5) + Etﬂt,t-ﬂ (1=p) 181 (22)

These expressions can be interpreted as the discounting factors for the
worker and the firm 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 limiting case of
period-by-period bargaining, v = 0, the partial derivatives of the surpluses
w.r.t. the wage reduce to A, = hy (1 —7¢), and ¥, = hy (1 + s), and the
first order condition accordingly reduces to its period-by-period counterpart
n(1—7¢) Jy = (1 —n)(1+ s;) H. The worker and the firm have, accordingly,
the following effective bargaining weights: ﬁ and ((11:7"3).

In the one firm - one worker setup, used in this paper, the discounting
factors under the staggered bargaining regime would be equal across agents
unless the possible changes in distortionary taxes over time were breaking this
symmetry'®. If taxes were held constant, the discounting factors would be ef-
fectively the same, just weighted with the relevant constant labour tax rate '*.
As a result, the first order condition for wage-setting would have the same form
as with period-by-period bargaining n (1 —7)J, = (1 — ) (1 + s) H;, and the
effective bargaining weights would again be accordingly ﬁ for the worker

and 8:23 for the firm. So, proportional tax rates influence the division of the

total surplus from a job in equilibrium, irrespective of the bargaining horizon,
a standard result from the labour market matching literature (see Pissarides,
2000, Chapter 9). More specifically, both the worker’s and the firm’s mar-
ginal tax rate effectively reduce the worker’s relative bargaining power, and
consequently his share of the surplus.

However, when staggered bargaining is combined with the possibility of
changing labour tax rates over time, workers and firms have to take into ac-
count the future path of taxation in their negotiating behaviour, and labour
taxes also enter the discounting factor equations of agents. The correspond-
ing effective bargaining weights of agents!?> now depend, in addition to the
negotiation power parameter, on both labour taxes and on their effect on the
agents’ discounting factors. As is apparent from the loglinearized forms of the
discounting factors, presented in Appendix A.2, the increase in the worker’s
labour tax decreases the discounting factor of the worker and the increase in
the employer’s labour tax increases its discounting factor. As a result, follow-
ing the tax increases, firms place relatively more weight on the future than
workers. The implication for the effective bargaining weights is, in addition to

0Tn 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.

A, = (1-7) EﬁZﬂt,Hs (1—p)°y°hyys for the worker, and ¥, =
5=0

(1+s) Etzﬁt,t+s (1 — p)* ¥*hyys for the firm.
5=0
12

) for the worker and ) for the firm.

n
(Fs0)+(1—m X (-7, St (Tse) +(1-m)(1-70)
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shifting bargaining power from workers to firms contemporaneously, that the
expectation of future tax increases further increases the discounting factor of
firms relative to that of the workers further increasing the effective bargaining
power of firms relative to that of the workers. The effect of distortionary and
time-dependent taxes on the division of match surplus is thus amplified by
staggered bargaining.

Given that the probability of wage adjustment is i.i.d., and all matches
at renegotiating firms end up with the same wage wy, 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.

nt

Wi = (1 =) wi, + W/
0

Wit .

di (23)

Ny

Wage dynamics The staggered bargaining framework has implications on
the behaviour of workers and firms. To describe wage dynamics in the presence
of staggered contracting, we develop loglinear expressions for the relevant wage
equations. The approach is in the spirit of Gertler, Sala and Trigari (2008),
and is presented in detail in Appendix A.4. The contract wage is solved by
first linearizing the first order condition

Jo(r) + Ay = Hy(r) + 5, (24)

and then plugging into the FOC the value equations and discounting fac-

tors for the worker and the firm respectively in their loglinearized form. The
resulting contract wage is

~x

W = [1 =@y (r) + By, (25)

where t = 5 (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 contract wage.
The weight put on each of these components depends on the steady state
discounting factor and on the probabilities of job survival (1 — p) and non-
renegotiation . As the probability of not being able to renegotiate the wage
approaches zero, v — 0, i.e. we approach the period-by-period bargaining
case, ¢ approaches zero, « — 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 spillover effects result from wage bargaining. The target wage
can be decomposed into two parts

Wy (r) = @ + ¢uT By [0 — W] (26)
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where o' = % is the spillover effect. The spillover coefficient is pos-

itive, indicating that when the expected average market wage F;w; is higher
than the expected contract wage Fywy,,, (indicating 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 stag-
gered wage setting, but also of the spillover effects from the Nash bargaining
process.

The spillover-free component of the target wage is of exactly the same form
than the period-by-period negotiated wage (presented in Appendix A.3), only
adjusted for the multiperiod discounting factors.

o) = ¢, (fﬁ\fl + mplt) + @S, 4 oy By (th‘Xl + Hia (er) + /Bt,tﬂ)
_Lphﬁi - 4,053\1 + @T?t + (107@?; + QODEt |:§t+1 - 3t+1:| + ﬁt (27>

As its period-by-period counterpart, the spillover-free target wage depends
on what the worker contributes to the match (the first term on the RHS) and
on his opportunity cost (the second and third terms). Note that, due to the

formulation of the relative price z¥;, whenever domestic production prices
rise more than the CPI, this creates an upward pressure on the target wage.
Increases in both the labour tax on the employee and in the consumption tax
increase the target wage whereas an increase in the labour tax on the employer
lowers the target wage. The target wage depends positively on the difference
between the firm’s and the worker’s discount factor because while an increase
in the discounting factor of the firm’s relative discounting factor decreases the
target wage through an increase in the relative effective bargaining power of
firms, this change in the relative discounting factors also has the effect - by the
Nash first order condition - of decreasing the expected surplus of the worker,
thereby increasing his wage demand in the current period.

Finally, combining all the relevant elements of the wage bargaining out-
come: the contract wage, the average wage and the target wage, yields a
second-order difference equation for the evolution of the average wage (see
Appendix A.4)

T/ﬁt = )\b’lj}t,1 + )\0’1/0\? + )\fEt’l/Et+1 (28)

Due to staggered contracting, the average wage in the economy @; depends
on the lagged wage w;_;, the spillover-free target wage @w?, and the expected
future wage E;w;y1. The longer is the average duration of wage contracts,
i.e. the larger is the non-renegotiation parameter -, the more weight gets the
lagged wage component in wage determination.

2.3.3 Determining hours of work

While matches are restrained to renegotiate the wage 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 follow-
ing first order condition obtained by differentiating the Nash maximand w.r.t
hours

(1=l = (14 9 L0
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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—7) .rthplt = (14 s)mrs; (14 7%) (29)

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!3.

2.4.1 Private consumption good

The private consumption good is a composite of intermediate goods distributed
by a continuum of monopolistically competitive wholesale firms at home and
abroad. Wholesale firms, their products and prices are indexed by i € [0, 1].
Final good firms operate under perfect competition and purchase both domes-
tically produced intermediate goods ym . (i) and imported intermediate goods
Yy (7). They minimize expenditure subject to the following aggregation tech-
nology

w—1 w—1
e

Ce= |1 =)= ([{)‘yH @7 ai ) T owd ([{w o a]

where w measures the trade price elasticity, or elasticity of substitution
between domestically 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
e > 1 is the elasticity of substitution across the differentiated intermediate
goods produced and distributed within a country.

13This 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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The optimization problem determining the allocation of expenditure be-
tween the individual varieties of domestic and foreign intermediate goods yields
the following demand curves facing each wholesale firm

e ) = (220 Ty, (31)

i) = (2) s (32)

where Py, and Pp, are the aggregate price indexes for the domestic and
foreign intermediate goods respectively

M1
Py, = / pre (1)7F di (33)
L O

r1
Pry = /pF,t (i)'~ di (34)
L0

To determine the optimal allocation between the domestic and imported
intermediate goods, the final good firm minimizes costs Py Yy + PrYr:
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

P —
i =) () e (35)
t
Yo =W (P“> ¢, (36)
P

where P, is the home country’s aggregate price index, or consumption price
index

Po=((1=W)P 7~ +WP, 7)== (37)

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 Pp, is equal
to the foreign CPI P (see Gali and Monacelli, 2008).

2.4.2 Public consumption good

The public consumption good is composed of only domestic intermediate goods
g¢ (1). This assumption implies full home bias in government spending. 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.

! Note, 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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Each wholesale firm 7 selling intermediate goods to the public consumption
good producer faces the following demand schedule

a) = (") e, (39)

2.5 Wholesale firms and price setting

The wholesale firms buy the homogeneous intermediate goods at nominal price
Py 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 deci-
sion 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 wholesale firm can adjust its price with a constant
probability 1 —¢ which implies that prices are fixed on average for ﬁ 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 expected future discounted profit of a wholesale firm that reoptimizes
at ¢ is

o0 .
pH,t(Z) . .
Etzgsﬁz,wrs [( ) Yers (1) = TersYrss (1)} =0 (40)
5—0 P H,t+s
where y; (i) is the demand of firm #’s product by domestic private con-
sumption good firms, foreign private consumption good firms and the domestic
government as outlined in the previous section

e (3) = iy (3) + yira () + 92 (i) = (MU) Typ

where Y,P 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

15Some 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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the same optimal price py;,. Using the definition of the discount factor and
rearranging, the FOC can be written as

e [o-0 () v () ()
E p——1(1—¢ — |t vy | | = Y5, =0
t;og At ( ) PH,t+s t+ p}}’t PH,t+S t+
(41)
which can be solved for ?:t to yield the following pricing equation
* B ¢, (L) vp,
pH,t € s=0 '
e _(£) = : (42
H’t € S Q8 N4s P, t+s e
By epie () vg,
5=0
where —= = 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

Tt =V + BET e (43)

where v = 7(175)(;75’8).

2.6 Fiscal policies

The public sector’s role in this economy is to collect taxes and use them to
finance unemployment benefits and lump-sum transfers as well as government
spending G;. If expenditure in any period is larger than income it can finance
the deficit by issuing bonds which it repays in the next period. The various
tax instruments in use are the labour tax on workers 7, payroll taxes on firms
st, and a consumption tax 7¢. Lump-sum transfers T'R; may also be altered in
response to changes in spending. The government budget constraint is

ntwtht(ﬁ -+ St) -+ Tfptct -+ Bt = PH’th -+ F)tbut + TRf -+ Rtletfl (44)
Accordingly, the government real debt b, = %, evolves as
b1 Puy TR

w
bt = Rt_l?t -+ Pt Gt + but + ?tt — ntﬁzht(ﬁ -+ St) — T?Ct (45)

Real debt thus depends positively on repayment expenditure of previous debt,

on government spending and on unemployment benefit and other transfer pay-
ments. On the other hand tax revenue from labour taxes or consumption taxes
decrease the need to issue new debt.
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Fiscal policy is assumed to obey a rule whereby the chosen fiscal variable is
adjusted to changes in debt as a fraction of steady state output. On the revenue
side, we consider three alternative fiscal policy instruments: the consumption
tax and the labour taxes on the employer and the employee.

/b
TAX, =TAX + — = 46
t (Y Y) (46)

where TAX; = 7§, 7+, s; and €, is the sensitivity of the tax instrument with
respect to the change in the government debt-to-output ratio. Increases in the
debt ratio lead to tax increases. Similarly, on the expenditure side, lump-sum
transfers T'R; can be cut to repay the debt

— by b>
TR, =TR— Q4| — — = 47
' ¢ (Ytl Y (47)

Government spending is characterised by the following autoregressive process

log(Gy) = (1 — pg) 10g(G) + pg log(Gi1) + €

where pg € (0,1), and € YN (0,0%) is the government spending shock.

2.7 Equilibrium

For each intermediate good, supply must equal total demand. The demand
. —€&
@) YD where Y, is total
H t

demand for domestic intermediate 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

)= (@) {u -m () arw () +Gt}(48)

for good i is, as shown previously, y; (i) = (

Following Galf and Monacelli (2008) defining an index for aggregate do-

1 ~ =1
mestic demand Y,” = { S (z)Tl dz} allows us to rewrite this as
0

P —w P —w
YP=(1-w) (-2} c+w () orta
b, B
Aggregate demand for domestic intermediate goods has to equal their ag-
gregate supply minus the resources lost to vacancy posting, leading to the
home economy’s aggregate resource constraint

Py \ % Pus\ 7
yt—(1_vm<;’t) Ct+W(H’t) Cr + Gy + kuy (49)

t

19



While the above 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

}/t = nchta (50)

The net foreign asset position is determined by the trade balance - the
difference between domestic output and domestic consumption.
By B 1 Puy P, Py
— — R b} =—Y—-C— —=G — —
P, t—lp( t—l) j2) P, t t P, t P
This relation is obtained by combining the consumers’ budget constraint,
the government’s budget constraint and the economy’s aggregate resource con-
straint as well as the equation for total dividends accrued to households, i.e.
the sum of the real profits in the intermediate and wholesale sectors (expressed
in terms of consumer prices)

KUt (51)

D, Py, w; Py
L=y, b (14 s,) —
R R (14 s) P,

L vy (52)

3 Model evaluation

3.1 Steady state properties

The majority of papers which have augmented the New Keynesian business
cycle model with search and matching frictions in the labour market do not
incorporate distortionary taxation in their framework. Monacelli, Perotti and
Trigari (2010) look at debt-financing and distortionary taxes as one separate
extension to their RBC model. Here distortionary taxes on labour and con-
sumption are an integral part of the analysis, including in the staggered wage
bargaining framework. To understand the working of the model and as a
background for the dynamic simulations, it is useful first to look at how dis-
tortionary taxes and unemployment benefits affect the steady state of the
model.

Comparative statics of the tax and benefit parameters, for given values of
vacancy posting costs and fixed costs of maintaining a filled vacancy, reveal
that cutting wage taxes, employers’ social security benefits or the unemploy-
ment benefit level all decrease significantly equilibrium unemployment and
the average duration of unemployment spells (q%), and increase the aggregate
output of the economy, as expected in a standard MP model (see Pissarides,
2000)'6. The mechanism for the effects of all these policy instruments is the
same: tax cuts decrease the relative value of non-work to work activities (in
the case of payroll taxation indirectly through an increase in the wage rate),
making work relatively more attractive. Similarly, cutting the unemployment
benefit level increases the relative value of work activities. The working of this

16 Calculations are available from the author upon request.
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channel depends, of course, importantly on the assumption that unemploy-
ment benefits are not taxed in the same proportion as the wage or otherwise
directly indexed to the wage rate. The idea is that, as the value of workers’
outside option in the wage bargain decreases, they agree to negotiate a lower
wage. Lower labour costs encourage firms to post more vacancies resulting in
higher employment rates. At the same time, tightness in the labour market
increases, and contributes, through a higher wage, to restoring the equilibrium.

The present model also shares the equilibrium property of the standard MP
model, that proportional labour taxes affect the division of match surplus, as
outlined in the previous chapter'”. Both the wage tax on the worker and the
employer’s contribution to social security reduce the worker’s relative share of
total match surplus, which would be just equal to his bargaining power 7 if
these taxes were set to zero.

In the recent literature on labour markets and business cycles, summarized
by Shimer (2010), the magnitude of the match surplus has been identified as an
important factor contributing to explaining the unemployment volatility puz-
zle. The intuition is that a smaller surplus reacts more to technology shocks of
equal size, and this translates into increased volatility of labour market vari-
ables. Monacelli, Perotti and Trigari (2010) find that the magnitude of the
match surplus is, also in the case of government spending shocks, an impor-
tant factor contributing to the size of government spending multipliers. More
specifically, the higher is the relative value of non-work to work activities, the
smaller is the match surplus, and the more is it affected by shocks of equal
size. The steady state form of the match surplus equation'® (the sum of the
worker and firm surpluses) for the present model is

S = xf(h)f(7'+s)wh—¥—b

elamp = 20D

The value of non-work activities is described by the third and fourth terms,
the disutility from supplying hours of work and the unemployment benefit.
Combining the relevant terms from the surplus equation, gives the following
equation for the relative value of non-work to work activities

Wy e
xf (h) — (1 + s) wh W—(T—Q—s)wh

In this model, distortionary labour taxes decrease the value of work activi-
ties, or increase the relative value of non-work to work activities. Also the
consumption tax increases the relative value of non-work to work activities
because it increases the relative value of leisure compared to consumption. In
addition to higher unemployment benefits or higher taxes, the relative value of
non-work would also increase if labour supply along the intensive margin was
more elastic (a smaller ¢, or larger Frish elasticity).

(54)

1"This can be seen by inspecting the steady state equations for the worker’s and the
firm’s share of total surplus that are obtained by rewriting the first order condition for wage

; _ n(1—7) _ (A—n)(1+s)
setting H = g S and J = myasymna ) ©

8The equation for match surplus, including its dynamic form, is derived in Appendix
A5,
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3.2 Transmission channels of government spending shocks

There are transmission channels of government spending in the present model
that are not dependent on the labour market extension.

First, as in any model with rational, intertemporally optimizing agents,
government spending shocks are transmitted to the rest of the economy through
their impact on the marginal value of wealth (see e.g. Monacelli and Per-
otti, 2008). A temporary increase in government spending is interpreted, by
intertemporally optimizing consumers, as a future rise in taxes, and conse-
quently as a fall in their lifetime resources. This effect is captured by a rise
in the marginal value of wealth, A;, or equivalently a tightening of the house-
hold’s budget constraint. In response to this negative wealth effect, as long
as leisure and consumption are normal goods, the supply of hours worked will
increase and consumption will decrease.

Another important channel of transmission is the aggregate demand effect
of government spending shocks, specific to New Keynesian (NK) models. Be-
cause prices are not fully flexible, the increase in government demand is larger
than the decrease in private consumption, and aggregate demand rises. The
rise in aggregate demand generates a rise in labour demand. This is why, in
NK models, as opposed to real business cycle (RBC) models, employment and
the real wage can increase.

An additional feature differentiating the responses to a government spend-
ing shock in this model from the conventional closed-economy models, is the
absence of an endogenous monetary policy response that would counteract the
effect of fiscal policy. The rise in the prices of the home country would, in
the presence of a central bank following the Taylor rule, be compensated more
than one-for-one by an increase in the nominal interest rate, implying an in-
crease in the real interest rate. Here the rise in government spending leads
unambiguously to a terms of trade appreciation (rise in the domestic price
level) and to a fall in the real interest rate, attenuating the negative response
of consumption and amplifying the effects of fiscal stimulus. This is in line
with e.g. Coenen et al. (2010) who, in a comparison of the effects of fiscal
policy in different structural models, find that the size of the response of the
economy to temporary discretionary fiscal stimulus depends importantly on
the extent of monetary accommodation of the higher inflation generated by
the stimulus.

There are two additional channels of transmission of government spending
shocks which originate from the presence of matching frictions on the labour
market.

First, the interpretation of the "wealth effect" is not straightforward in
this context. Whereas the wealth effect does raise the supply of individual
hours worked, as in more standard NK models, the rise in the marginal value
of wealth also has implications for vacancy posting and job creation, i.e. em-
ployment adjustment along the extensive margin. More specifically, the gov-
ernment spending shock, a higher A;, decreases the disutility from supplying
hours of work, and so increases the total surplus from employment. As also
the firms’ share of the surplus thus increases, they increase vacancy posting.
Employment increases and unemployment falls. For workers who are currently
unemployed the payoff from working also increases, increasing labour supply
on the extensive margin. The size of these extensive margin effects partly de-
pends, as outlined in the previous section, on the relative value of non-work
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to work activities.
However, the equation for match surplus

g (ht)
Ay

Sy =l f (hy) — (14 + 5¢) wehy — — b+ continuation value (55)

reveals that the government spending shock, i.e. the increase in the mar-
ginal value of wealth, A,, affects directly only one component of the relative
value of non-work to work activities, namely the disutility of supplying hours of
work. As will become clear in the section on the parameterization of the model,
quantitatively, this disutility term is much less important than the fixed unem-
ployment benefit term, not affected by the marginal value of wealth, implying
that the transmission channel of fiscal shocks working through the marginal
value of non-work activities is relatively weak in this model. In the case where
the value of non-work consisted only of a fixed unemployment benefit, this
transmission channel would not be present at all.

More important for the magnitude of the employment effects in this model
is the New Keynesian set up of sticky prices and monopolistic competition. The
increase in aggregate demand raises the future profit opportunities of firms. To
exploit these opportunities, firms start to open more vacancies, contributing
to job creation along the extensive margin.

Second, the presence of matching frictions makes vacancy posting a forward-
looking decision, and gives rise to an additional transmission channel of fiscal
policy as in Monacelli, Perotti and Trigari (2010). Namely, the rise in the
shadow value of wealth generated by the initial stimulus drives up the real
interest rate. This produces a fall in the discounted marginal benefit from new
vacancies, discouraging vacancy posting.'?

To sum up, the general features of this model, the New Keynesian frame-
work and the small currency area member state set up would a priori appear
to be factors favouring relatively large effects of fiscal stimulus. The labour
market matching extension, in turn, adds one channel which amplifies the em-
ployment effects of fiscal shocks via the marginal value of non-work to work
activities, and one channel which through an increase in the real interest rate
dampens the employment effects of stimulus. To see what the net effect of
these different channels of transmission is, we proceed to an analysis of the
model with the help of dynamic simulations.

4 Dynamic simulations

In the following, we analyze the effects of temporary fiscal stimulus, with
either flexible or rigid wages. In particular, we assess the effects of government
spending shocks because they are at the centre of the debate on the effects of
fiscal policy, but we also provide a comparison to fiscal stimulus in the form of
a tax shock. Special emphasis is put on how the public debt resulting from a
spending increase is paid back. Different debt-stabilizing fiscal policy scenarios

19Gimilarly, through the real interest rate channel, expansionary fiscal policy tends to
decrease the future value of employment to workers as well as the continuation value of total
surplus (which consists of expected worker and firm surpluses) but these effects are small
compared to the contemporaneous increases in these surpluses through other transmission
channels.

23



are assessed, to see whether labour market frictions help us to detect different
implications of different fiscal policy instruments. Tax instruments are assessed
separately in order to identify the mechanisms at work with each instrument
- instead of a more realistic scenario where fiscal policy would consist of a
combination of instruments.

In the following simulations, the positive government spending shock gen-
erates public debt which is gradually paid back following alternative fiscal
feedback rules written on lump-sum taxes, labour taxes or consumption taxes.
As a baseline scenario, we analyze the case of lump-sum tax funding and flex-
ible wages. Then, to reveal the specific properties of the present model, two
other tax instruments are considered: the labour tax on employees and the
consumption tax. The effects of wage rigidity and the relative importance of
some other parameters are assessed separately.

The government spending shock and the tax shock are normalized so that
they correspond to a 1 percent increase in steady state output. All responses
are expressed in percentage deviations from respective steady state values if not
indicated otherwise. The quantitative implications of the theoretical model are
compared, where meaningful, to Monacelli, Perotti and Trigari’s (2010) em-
pirical results and model predictions as they are the key reference in assessing
fiscal policy in the presence of labour market frictions. Reference will also be
made to Coenen et al.’s (2010) comparison of fiscal stimulus in different struc-
tural models. One important difference, however, with the present analysis
and that of Coenen et al. (2010) is that the present model does not include
hand-to-mouth consumers, a modelling extension which is known to result in
more benign responses of private consumption to fiscal shocks and thus to
larger fiscal multipliers.

It is also important to note that a variety of measures for fiscal multipliers
have been used in the literature, rendering comparison between models more
difficult. In the following, we will use the same measure for the output mul-
tiplier as Coenen et al. (2010), namely the percentage deviation of real GDP
from baseline GDP as a result of the fiscal shock. The unemployment multi-
plier, in turn, is reported, similarly to Monacelli, Perotti and Trigari (2010) as
the change in unemployment in percentage points at the peak.

4.1 Parameterization and steady state of the model

The parameter values are chosen mostly on the basis of existing literature, and
are summarized in table 1. For preferences and the labour market part, they
follow mainly Christoffel et al. (2009) who mostly use quarterly data from 1984
to 2006 for the euro area, and for the open economy, parameter values are as
in Corsetti, Meier and Miiller (2009). Fiscal policy parameters are taken from
the data of the small euro area economy of Finland.

The quarterly discount factor is 5 = 0.992 which corresponds to an annual
interest rate of 3,3%. The labour supply, or Frish elasticity (é), is set to 0.1.
This is in the lower range of values implied by most microeconomic studies,
which estimate this elasticity to be between 0 and 0.5. Much higher elasticities
have been generally used in the business cycle literature because macro elas-
ticities also account for the variation in the employment rate?’. The quarterly

20Gee e.g. Fiorito, R. - Zanella, G. (2008) for a recent comparison of micro and macro
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separation rate is calibrated at p = 0.06. The labour elasticity of production
parameter is set to a = 0.99 which implies nearly constant returns to scale in
the intermediate goods production sector, and a labour share of 75 percent.

The unemployment benefit parameter is calibrated at b = 0.41, and gener-
ates a replacement rate of 65 percent, defined as the ratio of net unemployment
benefits to average net (after-tax) income from work ﬁ This corresponds
to the average replacement ratio for the euro area used in Christoffel et al.
(2009), and is only slightly lower than e.g. the OECD’s "Benefits and Wages,
2007" publication suggests for Finland. There, the average net replacement
rate over 60 months of unemployment for Finland is 70 percent, averaging over
four different family types. The unemployment benefit is not assumed to be
proportional to the wage nor to be indexed to inflation. As Christoffel, Kuester
and Linzert (2009) note, in labour market matching models, there is a trade-off
between obtaining a reasonable labour share and a plausible replacement rate.
In the present model, the wage bill is 75 percent, clearly too high compared
with the data. On the other hand, this model abstracts from the use of capital
as a factor of production, so we deem it more important to get the replacement
rate right.

As discussed in the previous section, it is important to note that when the
worker is not employed, in addition to getting the unemployment benefit, he
also enjoys the increased time for leisure. As a result, the relative value of non-
work to work activities consists, not only of the fixed unemployment benefit
term, but also of an additional term that varies in function of hours of work.
The calibration of the value of non-work to work activities term is known, in
the labour market matching literature, to be of key importance for fitting the
model to the data when exploring the effects of technology shocks (see Shimer,
2010). More specifically, a sufficiently high relative value of non-work to work,
helps the model to generate large variations in vacancies and unemployment
in response to technology shocks and consistent with business cycle facts, as
shown by Hagedorn and Manowski (2008). The latter calibrated this value to
0.95 whereas Shimer (2005) set it at 0.4 interpreting it as only unemployment
benefits.

In the present model, the steady state value of non-work to work activities,
as defined in equation (55), is 0.74, in the mid-range of the values found in
the literature. Monacelli, Perotti and Trigari (2010) find that the value of this
parameter has to be calibrated in the high range of plausible values (at 0.9)
in order to roughly match the size of the unemployment fiscal multiplier. And
even in that case, the output multiplier remains well below the estimated one.
We will provide some sensitivity analysis with respect to this important value
in the end of this chapter.

The wholesale sector is calibrated in line with the literature so that the
markup is at a conventional value of 4 = =5 = 1.1. The Calvo parameter is
& = 0.75 on the basis of Christoffel, Kuester and Linzert’s (2009) calibration
from the Eurosystem Inflation Persistence Network. The average duration of
prices is accordingly 4 quarters. As to wages, they are assumed to be renego-
tiated every one and a half years, implying a probability of non-renegotiation
of v =0.83.

elasticities of labour supply. They estimate an individual elasticity of about 0.1 and an
aggregate elasticity of about 1.
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Table 1. Parameter values

Parameter Value Explanation

Preferences

15} 992 Time-discount factor

10) 10 Labour supply (Frish) elasticity of 0.1

0 1.5 Risk aversion

” 0.6 External habit persistence

Labour market

« 0.99 Labour elasticity of production

o 0.6 Elasticity of matches w.r.t. unemployment
Om 0.64 Efficiency of matching

p 0.06 Exogenous quarterly job destruction rate

n 0.6 Bargaining power of workers

b 0.41 Unemployment benefits

z 1.10 Technology, targets output ¥ = 1

ol 0.83 Pr(no reneg.) avg duration of w contracts 6 qrts
Wholesale sector

€ 11 Elasticity of substitution, markup 10 percent

13 0.75 Calvo stickiness of prices, avg duration 4 qrts

v (: %) 0.085  Coefficient of mc in NK Phillips curve

Final goods sector

(I—-Ww) 0.75 Home bias in final goods production
w 0.66 Trade price elasticity
Ve 0.005  Debt-elasticity of interest rates

The steady state values of key model variables implied by the current pa-
rameterization 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. The labour force is also normalised to one, and the
steady state unemployment level is 9 percent. A symmetric open economy
steady state is assumed where consumption levels are initially the same at
home and abroad, and both the trade balance and net foreign asset holdings
are zero. As no capital is included in the model, the output components of
private consumption and government consumption (and the tiny amount of
resources lost to vacancy posting) are scaled so that private consumption ac-
counts for 71 percent of steady state output and government consumption is
29 percent.

The steady state tax rates for labour and consumption are computed as
ten year historical averages of corresponding tax rates in Finland times the
model-implied tax base for each tax category. Accordingly, labour taxes for
the employee and the employer respectively amount to 30 percent and 25
percent times the wage bill and the consumption tax rate corresponds to an
average of 19 percent times the size of private consumption. The government’s
steady state debt to GDP ratio is set at 45 percent, close to the value for the
so-called EMU debt for Finland in 2010.
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Table 2. Steady state values

Variable Value Description

Y 1 Output

C 0.70 Consumption

U 0.09 Unemployment rate

RV 0.01 Total vacancy costs

n 0.91 Employment

qu 0.6 Probability of finding a job

qf 0.7 Probability of finding a worker
b/(wh(1—7)) 0.65 Net replacement rate

nwh 0.75 Wage bill

Fiscal policy

¢ 0.13 Consumption tax

T 0.23 Labour tax rate on employee

s 0.19 Employers’ social security contribution
TR )% 0.075  Lump-sum transfers

a/y 0.45 Government debt to GDP ratio

G 0.29 Government spending

P 0.8 Autocorrelation of government spending
etG 0.0345  Gvmt spending shock, 1 pct of steady state output

4.2 Baseline results

The baseline response to a positive government spending (solid line in Figure
1) is similar to results obtained from standard New Keynesian models with
no matching frictions (see e.g. Linnemann and Schabert, 2003). The rise in
government demand has a positive effect on real output. The multiplier is 0.3
percent at the peak and rises to 0.8 and 1.3 percent at one and two year horizons
respectively, i.e. the effect on impact is small but the multipliers at one and two
year horizon get fairly close to Monacelli, Perotti and Trigari’s (MPT, 2010)
empirical estimates of 1.2 and 1.5 respectively. The multipliers are much larger
at all horizons than those implied by the MPT model for the same relative value
of non-work to work activities. The effect on private consumption is negative
but small. The negative wealth effect, caused by a perceived fall in lifetime
income, produces the initial drop in private consumption and an increase of
hours worked per person.

The increase in aggregate demand, stemming from price rigidities, raises the
expected returns of firms from a filled vacancy. Due to the timing assumption
of the matching process, vacancies increase on impact but employment only
starts to rise (unemployment starts to fall) from the next period on, as new
matches become productive?’. The combined increase in both labour demand
and labour supply drives up the negotiated wage. Also the real wage rises
contemporaneously, in line with recent findings by e.g. Pappa (2009).

2IThe timing assumption is the same as in the standard Mortensen-Pissarides model.
All labour adjustment in the first period after the shock is through the intensive margin,
hours worked per person, which may cause them to overreact compared to what is observed
in business cycle data. Blanchard and Gali (2006) introduce contemporaneous hiring into
a business cycle matching model, whereby new matches become immediately productive,
shifting labour adjustment to the extensive margin, the number of workers.
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The unemployment rate multiplier is about —0.2 percentage points at peak®?,
much smaller than MPT’s empirical estimate of —0.6 but larger than the un-
employment multiplier implied by their model for the same relative value of
non-work to work activities. The peak response of total employment is 1.3
percent, close to MPT’s empirical result of 1.5 percent. After one year, total
hours are about 2.5 percent higher than in the steady state, of which the contri-
bution of the extensive margin of adjustment is 0.5 percent and hours worked
per person account for the rest of the adjustment. While the magnitude of the
response of total hours is close to MPT’s empirical results, the relative role
of the extensive and intensive margins of labour adjustment is clearly at odds
with business cycle facts The strong response of hours worked may indicate
the presence of an "hours volatility puzzle’ in matching models of the business
cycle, as pointed out by Krause and Lubik (2010).

While the wealth effect raises the supply of individual hours worked (in-
tensive margin) in the same way as in standard NK models, in this framework
the tightening of the consumer budget constraint also affects vacancy creation.
In particular, the increase in total surplus due to the increase in the marginal
value of wealth encourages firms to open more vacancies. As both wages and
the labour input (along both the intensive and the extensive margin) increase,
the initial negative response of consumption is reversed.

The real interest rate channel works to decrease vacancy posting, but in
this framework it is not significant enough to overturn the positive response
of vacancies to the government spending shock stemming from the increase in
aggregate demand. Also, because of the assumption of no counteracting mon-
etary policy, the real interest rate falls as a result of faster domestic inflation.

The effect of increased government spending on the trade balance and on
the terms-of-trade appear similar to what e.g. Kim and Roubini (2004) or
Miiller (2008) find. An increase in government spending appreciates the terms
of trade and increases net exports. The terms of trade appreciation is natural
in the presence of full home bias in government consumption: the export price
index - which in this framework is just the domestic price index (because of
producer pricing) - rises relative to the foreign price index which is not affected
by fiscal stimulus in the small member state.

As to the trade balance, there are two counteracting forces. On the one
hand, the trade balance improves because the value of trade increases, but on
the other hand higher prices of home-produced goods have a negative effect
on the trade balance through the substitution channel. Here the former effect
dominates. The latter effect tends to be larger the higher the home bias in
private consumption and the higher the intratemporal elasticity of substitution
between the home and foreign good.

4.2.1 Alternative fiscal policy scenarios

In figure 1, two additional debt-stabilizing scenarios are presented: one where
the labour tax on the employee is increased in order to finance the initial in-
crease in government spending, and another where repayment is done through
increases in the consumption tax. The coefficient for the sensitivity of the tax

22Thus implying a fall in the unemployment rate from the steady state 9 percent to 8.8
percent.
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instrument with respect to debt, €2y, is set so that the initial tightening effect
of the fiscal rule is equal across different tax instruments.

Figure 1. The dynamic effects of a government spending shock: baseline vs. alternative
debt-stabilizing fiscal rules. Note: baseline (rigid line), labour tax rule (dotted line), and

consumption tax rule (dashed line)
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The results show that shifting the debt-stabilizing burden towards the dis-
tortionary labour tax (dotted line) significantly changes the response of the
economy to the positive fiscal policy shock. Most importantly, after the ini-
tial identical shock, as soon as the labour tax rule becomes operative, the
higher proportional tax rate lowers the total surplus from employment and
discourages vacancy posting. It also feeds through to higher wages. In the
current wage bargaining framework, the gradual increases in the labour tax
rate imply an increase in the target wage of negotiators (as can be verified
from the dynamic target wage equation). As a result, the bargained nominal
wage stays above its steady state level for a prolonged period of time to com-
pensate workers for the otherwise falling net income. The higher wage directly
implies higher labour costs which further decreases the incentives of firms to
open vacancies and unemployment starts rising. The corresponding fall in em-
ployment makes the private consumption response more negative than when
public debt is adjusted through lump-sum taxes, despite the higher wage.

When consumption taxes, in turn, are used to stabilize debt after an
increase in government spending, the negative labour market reactions are
smaller. Output and vacancies rise as much as with the lump-sum tax rule,
but government debt returns more quickly to its steady state level, also due to
the larger tax base. Even the response of private consumption is less negative
than in the case of the labour tax rule although consumption is directly taxed.
The reason, interestingly, lies in the structure of the labour market. While
both distortionary taxes decrease the surplus from employment, the effect of
the labour tax is larger. More specifically, consumption taxes only affect one
component of the relative value of non-work activities, the - quantitatively less
significant - disutility from work. So while this tax does somewhat increase the
relative value of non-work to work activities via the substitution effect between
consumption and leisure, the effect of labour taxes is larger because they also
increase the net replacement rate of unemployment benefits.

The detrimental effects of financing fiscal stimulus with distortionary labour
taxes is especially apparent in long-run fiscal policy multipliers?®. The long-
run real output multiplier implied by the baseline scenario is 1.5, whereas if
debt is paid back by raising consumption taxes the multiplier shrinks to 1.3.
If labour taxes are raised to finance the initial stimulus the long-run output
multiplier is zero, because after five quarters of positive output effects, real
output remains slightly below its steady state level due to unfavourable labour
market conditions. Similarly, the long-run consumption multipliers for the dif-
ferent scenarios are —3.0, —4.0 and —3.8 percent (for lump-sum tax, labour
tax and consumption tax funding respectively), and total hours multipliers at
the same horizon are 1.6, 0.2 and 1.3 percent.

The results show the importance of how the increased public spending is
financed. Due to the detailed description of the labour market, we are able to
track down the transmission channels of fiscal policy that shape the responses
of the economy in the different debt-stabilizing scenarios. These interactions
have not been captured by existing New Keynesian models.

23 Here, long-run multipliers are calculated as the cumulative effect over ten years.
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We also investigated a similar government spending shock using the labour
tax on the employer as the stabilizing instrument. The results are very similar
than when using the fiscal rule on the employee’s labour tax. The only signif-
icant difference is that the negotiated wage does not rise in the same way as
when the incidence of increased labour taxation is on the worker (indeed, the
dynamic equation for the target wage shows that an increase in the employer’s
social security contribution has a negative direct effect on the target wage),
leaving the worker’s net income and the firm’s labour cost approximately the
same across these two scenarios. As labour costs are, however, raised directly
by the tax on employers, the labour market outcome with employer contribu-
tions as the debt-stabilizing tool is similar with falling employment and rising
unemployment?*.

Automatic stabilizers are at work in the present setup. The initial ex-
pansion of output and the accompanying improvement in employment after a
government spending shock increase the government’s labour tax revenues and
decreases expenditure on unemployment benefits. However, consumption tax
revenue falls as private consumption decreases and government debt increases
significantly and persistently. Indeed, debt-stabilizing fiscal rules are needed
to help bringing debt back to its steady state level within a reasonable time
frame.

4.2.2 Wage rigidity

Figure 2 shows the results for the baseline model when wages are negotiated,
instead of period-by-period, on average once every sixth quarter.

Making the wage more rigid increases the magnitude of the responses of
labour market variables. Vacancies now react more strongly to the initial
stimulus, since firms’ expected profits are larger when their labour costs do
not rise. Also the fall in unemployment in response to the shock is larger.
While the unemployment rate multiplier at peak was about —0.2 percentage
points in all the previous scenarios, it now increases to —0.5 percentage points.
Total hours also increase slightly more on impact, 1.1 percent compared to
0.9 percent when wages are flexible. The difference is small, since while the
number of workers increases much more, the response of hours worked per
person is attenuated when the negotiated wage can not adjust upward.

The stronger response of labour market variables is in line with the lit-
erature on labour markets and business cycles, which has stressed that wage
rigidity affects the cyclicality of labour market variables because it influences
firms’ expected gains from the match. Compared to flexible wages, when wages
are rigid, firms’ expected profits rise more in upturns and fall more in down-
turns. The more favourable labour market reaction, in the short-term, to fiscal
stimulus contributes to consumption falling less than in the baseline.

24The simulations are available from the author on request.
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Figure 2. The dynamic effects of a government spending shock: flexible wages (rigid
line) vs rigid wages 7 = 0.83 (dotted line).
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This could lead to conclude that in an environment characterised by rigid
wages, fiscal stimulus would be especially effective. However, in the longer
term, the picture is very different. As the wage gradually adjusts upward,
vacancies and employment start to fall and unemployment rises, as shown
by the right tails of the corresponding impulse response functions. Output
and private consumption remain lower than their steady state levels for a
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prolonged period of time. As a result, compared to the flexible wage case,
the long-run output multiplier is now —1.5 percent instead of 1.5 percent, and
the long-run multiplier for total hours changes from 1.6 to —1.2 percent. The
unfavourable labour market outcome is especially apparent in unemployment
figures. After two years, unemployment starts rising and remains over steady
state levels for a prolonged period of time. Poor labour market performance,
including increasing unemployment benefit payments, is also reflected in large
and persistent government debt under rigid wages.

The result that wage rigidity amplifies the fiscal policy shock (in the short
term) is in contrast to Monacelli, Perotti and Trigari (2010) who find that
(real) wage rigidity?® dampens the effect of government spending shocks on
hiring. The shock increases the total surplus from the match by raising the
firm’s reservation wage, but also by lowering the worker’s reservation wage. Of
these two counteracting effects, the latter dominates in MPT’s model, lowering
the Nash bargained wage, and raising hiring and employment. The introduc-
tion of wage rigidity prevents the wage from falling thereby decreasing hiring
incentives. In the present model, wage rigidity is combined with price rigidity.
Price rigidity is needed to generate a rise in the negotiated wage in response
to increased government spending (the combined effect of increased labour de-
mand and labour supply). When wages are rigid, the profit opportunities of
firms are even larger. Their share of the surplus increases and generates a
positive net effect on vacancy posting. Wage rigidity thus amplifies the labour
demand effect typical to the New Keynesian model.

4.2.3 Alternative pay-back rules in the presence of wage rigidity

Introducing rigidity in wage determination alters the conclusions on the relative
favourability of different debt-funding instruments. Especially, it appears that
if wages are rigid enough, stabilizing debt with the help of increases in the
labour tax actually becomes less detrimental for the economy than raising
consumption taxes. This is because the negative effect of raising labour taxes
on the total surplus from employment is in direct proportion to the wage, as can
be seen from equation (56). The total surplus thus diminishes if the labour tax
rate is raised, but also if the relevant tax base, in this case the wage bill, gets
larger. When wages are renegotiated period-by-period, the increase in labour
taxes feeds through to higher wages, the wage bill increases and amplifies the
negative effect of these taxes on the total surplus from employment. Therefore
vacancy posting and job creation decrease. With wage rigidity, the overall
effect of a similar rise in labour taxes remains smaller because the increase in
the wage bill is attenuated. The negative effect on vacancy creation brought
about by a smaller firm surplus from filling vacancies is now also contained by
the fact that simultaneously firms’ labour costs do not rise.

2Introduced as a simple wage adjustment rule, instead of as the result of staggered
bargaining.
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Figure 3. The dynamic effects of a government spending shock: baseline vs. alternative
debt-stabilizing fiscal rules when wages are rigid, i.e. ¥ = 0.83. Note: baseline (rigid line),
labour tax rule (dotted line), and consumption tax rule (dashed line)
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4.2.4 A decrease in labour income taxes

We find, in line with Coenen et al. (2010) that multipliers from government
spending stimulus are larger than the multipliers from labour income taxes
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(see Figure 4.). Government spending is directly translated as an increase in
aggregate domestic demand whereas tax cuts operate through their effects on
agents’ working and spending behaviour.

Figure 4. The dynamic effects of a tax shock. Decrease in the workers’ labour taxes

corresponding to 1 percent of steady state output
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The multiplier on real output is 0.2 percent on impact and raises to 0.5 and
0.7 percent at one and two year horizons. The unemployment multiplier is just
0.05 percentage points at the peak, but importantly, the temporary decrease
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in labour income taxes lowers unemployment in the long term more than any
of the government spending stimulus alternatives. Also because there are now
no crowding-out effects, private consumption increases (though very modestly)
in response to the increase in net after-tax incomes.

4.2.5 Relative importance of other parameters

The above simulations and comparisons support the finding from earlier lit-
erature that the degree of price rigidity is a crucial parameter in shaping the
economy’s response to fiscal policy shocks. In figure 5, the baseline model is
simulated for two different degrees of price rigidity. With more flexible prices,
the effects of fiscal stimulus are significantly dampened. The nominal output
impact multiplier shrinks from 0.9 to approximately 0.3 and unemployment is
unaffected or even slightly rises. The response of vacancies is more or less flat
and private consumption reacts more negatively. This illustrates the earlier
point that the New Keynesian nature of the present model is an important
determinant for the magnitude of fiscal multipliers.

It is known from earlier contributions (see e.g. Linnemann and Schabert,
2003) that the real interest rate is a crucial variable for the adjustment to
fiscal shocks because it determines the consumption path and, consequently,
the magnitude of the aggregate demand effect. As shown in the dynamic
simulations of the model, the small monetary union member state framework
ensures that domestic prices rise but the nominal interest rate does not react
to the speeding up of inflation. As a result, the real interest rate falls and
attenuates the fall in private consumption. The model is closed by the debt-
elastic interest rate assumption, but the calibration of the sensitivity parameter
of the interest rate to the increase in foreign indebtedness implies that this is a
purely technical assumption. Assuming a sufficiently more aggressive elasticity
parameter would eventually reverse the response of the real interest rate to the
spending shock.

Monacelli, Perotti and Trigari (2010) find that the relative value of non-
work to work activities is an important parameter in determining the size of
fiscal multipliers. In the present framework, its role is not that crucial. This
is because the government spending shock, i.e. the increase in the marginal
value of wealth only affects one component of this value, the disutility of work.
Therefore, if the relative value of non-work to work activities is increased to
0.9, the same value as in MPT, by increasing the fixed unemployment benefit,
the match surplus is smaller but so is the relative role of the shock. Figure 6
shows that this change does affect the responses of labour market variables as
expected. The smaller match surplus amplifies the responses of vacancies and
unemployment to the shock, but the effect is rather short-lived. The difference
in total hours remains tiny because hours of work, that respond as previously
to the shock, account for the bulk of the employment adjustment.

If instead the relative value of non-work to work activities is increased to
the same value (0.9) by increasing the elasticity of labour supply (lowering ¢ to
2.6 from 10), this does hardly change the response of employment (vacancies
and unemployment) along the extensive margin of adjustment. But as firms
can now more easily increase their production by increasing hours of work
the output multiplier becomes larger, total hours in the economy increase and
consequently the negative effect on private consumption remains smaller.
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While labour taxes were found to have significant equilibrium effects, low-
ering them by 3 percentage points hardly affects the dynamics of the model
after a government spending shock.

5 Concluding remarks

This paper contributes to the ongoing debate about the effects of fiscal policy
by analyzing government spending shocks under alternative fiscal rules and
rigid labour markets. For this purpose, we have introduced fiscal policy and
labour market matching frictions into an open-economy New Keynesian DSGE.
The link between fiscal policy and the labour market was introduced with the
help of distortionary labour taxes which directly influence the behaviour of
firms and workers on the matching market. The framework was adapted to
the small currency union member country case, and additional rigidity in wage
determination was introduced with the help of Gertler and Trigari’s (2009)
staggered bargaining framework.

We find that the effects of fiscal shocks, in the model with labour market
frictions and lump-sum taxes, are similar to those obtained from standard New
Keynesian models. Fiscal stimulus has an expansionary effect on output, and
a small but negative effect on private consumption. The detailed description
of the labour market, however, helps to better understand the transmission
mechanisms of fiscal policy to private consumption, employment and the real
wage. The negative response of private consumption is driven by the negative
wealth effect but counteracted by a positive employment response, brought
about by increasing real wages and increasing labour supply along both the
intensive and extensive margin.

The results show that the assumption of the offsetting fiscal measure is crit-
ical for the effects of fiscal stimulus. In particular, shifting the debt-stabilizing
burden towards distortionary labour taxes is detrimental for employment and
general economic performance. Most importantly, the higher proportional tax
rate lowers the total surplus from employment and discourages vacancy post-
ing. It also feeds through to higher bargained wages to compensate workers
for the otherwise falling net income. The higher wage directly implies higher
labour costs to firms which further decrease open vacancies and unemploy-
ment starts rising. The fall in employment implies a stronger contraction in
private consumption compared with the more standard case of lump-sum tax
adjustment.

The negative labour market reactions are smaller when fiscal stimulus is
withdrawn by means of increased consumption taxes. This is because they
lower less the total surplus from employment than labour taxes by only affect-
ing the consumption-leisure choice. labour taxes also increase the net replace-
ment rate of unemployment benefits making non-work more attractive.

Wage rigidity was found to significantly increase the magnitude of the re-
sponses of labour market variables in the short term. Vacancies react more
strongly to the initial stimulus, since firms’ expected profits are larger when
their labour costs do not rise. This is in line with the literature on labour
markets and business cycles, which suggest that rigid wages are needed to
generate larger fluctuations in labour market variables. Our results indicate
also that while wage rigidity would seem to make fiscal policy more effective
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in the short term, in the longer term, the gradual increase in the bargained
wage causes a prolonged increase of unemployment to above the steady state
level. Public debt stays higher and the negative effect of private consumption
is larger than when wages are flexible. Furthermore, wage rigidity alters the
relative favourability of different debt-funding tax instruments. If wages are
rigid enough, increases in the labour tax become less detrimental for the econ-
omy than increases of consumption taxes. This is because the overall effect
of raising labour taxes has a smaller negative effect on the total surplus from
employment when the tax base, i.e. the wage bill, does not increase.

While the analysis conducted highlighted important transmission channels
of fiscal policy not captured by standard New Keynesian models, the more
precise quantitative effects of fiscal policy on the labour market remain to
be explored. The comparison of the theoretical predictions of this framework
with estimates of fiscal policy effects in the benchmark small currency union
member state is still work in progress. A number of potentially relevant other
transmission channels have not been included in this analysis. Recent literature
suggests for example that the economy should be modelled as “non-Ricardian”
to account for important transmission channels of fiscal policy. A move in
that direction could be the inclusion of rule-of-thumb consumers that has been
found to be important for the effects of fiscal policy (see e.g. Gali, Lopez-Salido
and Valles, 2007). This is left for future work.
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A Appendix

A.1 Steady state of the model economy

Euler equation
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A.2 Model dynamics

The dynamics of the model are obtained by taking a log-linear approximation
around a deterministic steady state.
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ﬁt = }//\; —6ét+W5 (ﬁHJ _ﬁt*> —éét — I{@(i]\t)
Economy-wide resource constraint
Y, = 1-W)CC,+WC" (5;‘ + wﬁ;‘)
-{u—wqamm(Eﬁ—éﬁ—éwwﬁﬂ+é@+ﬁm@

Consumer price index
Po=(1—W)Py,+WP;

Evolution of debt / Government budget constraint

Egt = m(ﬁpl +/b\t—1 — 7)) + G (ﬁHf — ]315 + éf) + buu,
+TR(TR, — P,) — mwh (7 +3) (R + @ — P, + hy)
—TwhT7; — mwhss, — 7°C (?i + @)
Market clearing / aggregate output

2:ﬁt+2t+aht
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A.3 Period-by-period Nash bargaining

In the standard MP model, it is assumed that total match surplus, S, =
(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.

m%IX(Ht)n(Jt)lin
where 0 <7 <1 is the relative measure of workers’ bargaining strength.

The worker surplus gets the following form.

wy h
Hy =W, -U = Ftht(l —T) — gf\t) _b+Etﬁt,t+1 (1 - P QZV) Hiyy
t t

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

Jy = f (hy) — 7ht (L+5t) + BBy g (1= p) Jea

The first-order condition for Wage—settmg is

GHt o aJt
na’tht N (1 77) thHf

n(t—=7)Jy = (1—=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 equa-
tion that includes only contemporaneous variables by substituting the value
equations into the Nash FOC, and making use of the expressions for the pro-
duction and utility functions.

e n x mpl,
Ft B (14 s¢) [ : a } (56)
(1 _ n) mrsg (1 + TC) b q
(1 — Tt) [ (1 n ¢) t + E + t Etﬁf f+1Ht+1} (57)
7 L (1 - Tt+1) 1
+EEt6t,t+1 (1= prr) S [(1 +s) (1-7) (1+ 5t+1):| (58)

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 and not getting unemployment benefits
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
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from the wage equation that the introduction of taxes works to decrease the

worker’s relative effective bargaining power from 7 to ﬁ Consequently,

economic conditions get a smaller weight in wage determination.

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

Ny (wi) = (1 —n) X Hy (wf)

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

At _ EaHt (’U)t)
3wt
OH 11 (w
= h(1—=7)+ EBiyr (1—p) ’YPtH#(t)
= ]’Lt (1 — Tt)

8Ht+2 (U}f)

+E By g1 (L=p)y |:ht+1 (1= 7e1) + EiBrirpaa (1= p) v Prs2 B
t

= EtZﬁt,t+s (L=p)" 7V hers (L= Teps)
s=0

< At = h’t (1 — Tt) + Etﬂt,t-‘—l (1 — [)) /-YAt‘Fl

And similarly for the firm

0J; (w
Li=—h 55{} ) _ he (L s¢) + EefBy 0 (1= p) 75
t

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

where the loglinear forms of the discount factors are

- _ ~ [1—=p1- T N -
Ay = [1 —B(1—p) V] hy— [ 5(1( — Tf) FY] T?ﬂLﬁ (1—p)vE; (ﬂt,t-&-l + At+1)
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[ 5(1(+5p) ﬂ 8@4—5(1 —p)vE: (5t,t+1 + Zt“)

Se=[1-B1-p)] bt )

and the expressions for jt(w;‘) and ﬁt(w;‘) can be found as follows

Worker surplus The worker surplus can be written as

wy h
Hi(wy) = tht(lfﬁ)* %}f)+b+thEtﬂt,t+levt+l

+Et5t,t+1 (1-0p) Ht+1(w:+1)
+YEBt 141 (L—=p) [Ht-%l(w:) - Ht+1(w:+1)}

In the last term, evaluate the expression E; [Hyy1(w)) — Hy1(w),,)]

wf w;
_ E t t+1 } 1 o
! (PtJrl Py b Tir1)

+(1-p) ’YEtﬁt+1,t+2 [Ht+2(w:) - Ht+2(w:+1)]

When linearized, this expression gets the following form

E; [ﬁt-&-l(w:) - ﬁt+1(wf+1)}

7h 1—7 s s
% Ey (@} — @,,)

+B (1= p)vE; [ﬁtw(wf) - ﬁt-"—?(w;—l)}

Iterating forward this can be further simplified to yield

~ ~ 1 wh (1 —7) e~
o [ Hypr(wy) t+1(wt+1) 1-B(L—p)y T t (wt wt+1)

With the help of the above expression, the loglinear formulation of the
worker surplus is found to be
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~ h(l=7) /., =~ ~ WhT .
H = M (w; _ P+ ht) _wnTe
H N H
1 mrsh(1+7°) (/\ +}A)
- ~ mrs )
1+¢ o e
mrsh7e — ~ ~
T e B (i 4 B+ o)
(1 n ¢) T t B3q t |\ 4t A1 /Bt,t-t,-l

+B(1—p) E, (ﬁt+1 (wryy) + Bt,t+1)

0o w0 g (g -t

1-51=p)y H

WhereEtﬁz,tH can be derived as follows

EH,pw = LK ['VHH—I(wt) +(1-7) Ht+1(w:+1)]
= EHyq(wiy) +vE [Hia(wy) — He(wy)]

Linearizing this expression using the same technique as above to evaluate
the last term results in

BiH, 41 = Etﬁt+1(w:+l) + = ——F, (w0, — @f,,)

Firm surplus The firm surplus can be written as

* IIU% *
J(wy) =z f () — Fiht (14 8¢) + BBy g1 (1= p) Jepa(wyyg)

+’7Et5t,t+1 (1-p) [Jt+1(w;‘) = Jin1 (w;-&-l)]

In the last term, evaluate the expression E; [Jyi1(w)) — Jyp1 (wiy)]

Ey [Jea(wf) = Jepa(wiyy)]

wy wi
_ _E t t+1 h 1
t <Pt+1 Py i1 (14 8141)

+(1-p) 7Et5t+1,t+2 [Jt+2(w:) - Jt+2(w:+1)]

When linearized this expression gets the following form

By [T () = T (i)
~wh(1+7%)
J

B[] = @72) + B (1= p)1E: [Tusawf) = Tova(wiy)]
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Iterating forward this can be further simplified to yield

S e 1 wh(143) ., .,
Ey | Jpa(wy) — Jt+1(wt+1)} = T 31— p)y i )Et [wz - wt+1]

Finally, as with the worker surplus, the loglinear formulation of the rene-
gotiating firm’s surplus can be found with the help of the above expression

-~ Zmpll o\ wh(14%) /. o~ -
Goo= T G, B - ML) (- By
o7
Whs..  — ~ . ~
- 5e+B(1—p) By (Jt+1 (wt+1) + [))t,H—l)

J
B(1—p)y wh(l+5)
1-8(1-py J

The Contract wage Inserting the expressions for the worker and firm sur-
pluses, as well as those for the discount factors, into the linearized FOC yields
(after collecting the wage terms to the left-hand side and using the Nash FOC
for next period)

l:’wh(l—T) wh (1 +s)} .
— — + — f(Ut
H J
¢t [wh(1—=7) wh(1+3) I
+(1 —1) { H + 7 Ey (@7 — Wy4,)
~mmplh (= 1 mrsh(1+79), mrshT .
= (x ¢+ mplt> + 1 s i (mrs,) + 7(1 s il

P) E, [:];H (71):“) + Bt,t+1i|

)
+B (1 -
—B(1—p) Ey {jtﬂ (wt*+1) + Bt,tﬂ + 3t+1 - itJrl}

- ~ -~ wh(1—=7) wh(1+3)] »
+57" E, (quW + Hypi1 + 5t,t+1) + [ (ﬁ ) + (7 )} P,
{I:ML(l—T)+U]fL(1+S):| Tmplh TS h(1+Tc)}%\
- = = - - Lt

H J aJ 1+¢ H
whs (1-0)3). [whr (1—07].
-[FHE e T -

+ W(l - p) ’Y] EtAH—l - W(l - p) ’7] Etitﬂ

where : = 3 (1 — p)~. Dividing by the term {m%_?) + m%ﬁ)} = ES;E) =
wh(1-7)

(1-mH "’

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

~x L o~ o~
= Wt LEt (0} —W;11)

= O (@H + mplt) + @5+ @y By (‘/Z\;W + Hyy1 + ﬁt,t+1)

—ph — 5+ . T + 0T + op B [itﬂ - £t+1:| + 13t

= @;(r)

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

binations of deep parameters and model-implied steady state values

Tmpln ~mrs(1—n) (1479 (- H -
P m7 Pm = (1+¢)@(1—7) ) SDH_@E(l—?)BqW7
” mrs (1 —mn)7° :{ __Tmply _771719(1—7])(1—{—76)}
T 1+p)w(l-7) ™" aw(1+3)  (1+dw(l-7) J’
s (1—0)J _(1—77)? B (1—-)H
7 (1+39) {1+wh(1+s)}’ To(1-7 [1 wh(l—f)}’
ma gy
and o, = {6(1 p) (1 V)M(HS)]

The target wage w?(r) is of the same form than the period-by-period ne-
gotiated wage, adjusted for the new bargaining weights. The equation for the
contract wage can be further rewritten as

i L ok
Wy = W (r) + = By

(I—=1) (1—1)

= W =[1 - (r)+ LBy,

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

The spillover effect To derive the spillover effect, consider the worker sur-
plus with optimal (contract) wage versus the expected average market wage
Ey [Hyp(wir1) — Hypa(wi )] in the same way as above

1 wh (1 —7) N N
+ — — E — Wy
- 5(1—p)~ 7 t (wt+1 wt+1)

Substituting the loglinear equation for the average wage into the above
equation yields

Etﬁt+1 (wiy1) = Etﬁt+1 (wyyy)
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Etﬁt+1(wt+1) = EtﬁtJrl(w;Ll)

1 wh(1—7) N L
1-8(1-p)y H (=) @y + 70— )
7 wh(l -7 P
= EHia(wi,) + _ (7 )Et (@ — Wy,y)

1-8(1-p)y H

which is exactly equal to the expression for Etﬁ[ =141, and we can substitute

. . . . 1 wh(1-7) __
it in the target wage equation. To simplify, we denote TRy A r

’l/l)\?(?”) = ¥ (&.\f] + 7%;lt) + @mnﬁr\st
+ouEy (E]\tVV + Hypa(wiyy) + Bpq +TE [@t+1 - @“D

—th/f;t — 0S5+, T+ T +opEy |:§t+1 - £t+1:| + ﬁt

< ﬁ}?(?”) = ’11]\? + @HFEt [@tJrl — ’&J\;»J

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 @) and the
spillover effect ¢, I'E; [@H_l — Wy +1].

Evolution of the average wage To derive the appropriate loglinear expres-
sion for the evolution of the average wage, first collect the necessary elements
from previous calculations

1) The contract wage

w; = [1— ) (r) + LEy 0y,

2) The average wage

@t = (1 — ’}/) 'IDZ + 'Y@tfl

3) The target wage
Wy (r) = W) + oyl By [We41 — @]

First, insert the target wage in the contract wage equation

Sk

Wy = [1 = o] (@] + oL By [@r1 — ©74]) + 1By
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Then update the average wage equation by one period and take expecta-
tions

By = (1 — ) By, + iy

e 1 I I
— By, = W (EyWiqq — yWy)

Use this expression to eliminate @}, from the contract wage equation

., . . 1 _ _
wy = [L—4 (U}? + ol By — gl {(1 ) (EyWes1 — th)})
1 3 —~
+ m (B — ywy)
., 0 _ 1 _
wy = (L=vwy+ (1 —0)oul' B — (1 —1) @HFWEtth
v L N vy
1-— r E -
+[1—don 1 _7)wt+ =) Wit { _’y)wt

~ ~ v Y ~

= w*(lL)w0+[(1L)<pF - }w

' t -y a-9l"

1= 0euT— (1= )yl —— +1— | Ba

- —(1—1 L W

PH Pu 1-9) 1—7) tWit1
Denote ¢ = (1 —¢) pyT, and use the above equation to eliminate @w; from

the average wage equation (equation 2)

@ = (1=7) (1= ) @) + (7 = 7) B+ [(1 = ) ¢ = (1] Exlpsr + Y1

M=y (== 1=y 1 =0) @ +[(1=7)¢ =+ ] Byilesr + 74

Finally, after dividing by [1 — 7 (¢ — ¢)], the dynamic average wage equation
can be expressed as

— Wy = NyW_1 + )\07:0\? + /\fEﬂ/U\H_l

here A :+A:w nd A — L—¢

B T (e e e () A (T ()
. _ _, LB _wh(1-7)

Wlthg - (1 )(pHF7 *5(1 [))’Y,F— (1—L)F,

and ¢ = m as previously denoted.
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A.5 Match surplus and reservation wages

Total match surplus is the sum of the worker surplus and the firm surplus

Sy = Hy+ J,
o wf;‘ B g (ht) .
= Pt ht (1 Tt) At b

+E By i1 (1= p) [yHipa (wf) + (1 =) Hewa (wi4)]
w
*qut»Bt,tﬂHz,tH +al f (h) —

P* Iy (1 + 5t)
+EB1 1 (L= p) [y (w)) + (1L =) Jeea (wiyy)]

t

w? he (1 +7¢
— St:g;fzhta_%ht(nﬂt)_w_b
t

(1+9)
+Et6t,t+l (1—p) [VStH(w:) +(1-7) St+1(w:+1)] - QtWEtﬂz,tHHw,tH

If wages are renegotiated each period, the surplus equation can be further
written as follows

_oHg e W _mrsih (1 +75)
— St = th Pt ht (Tt + St) (1 + ¢) b
B n (1 —Tt+1)
E 1- wiiy) — 0.E
FEBp1 (1= p) Sira(wiyy) (1-— 77)1{ o (14 s441)

where the last term is derived using the Nash FOC equation and the va-
cancy posting condition

. (1= 7e) .
QZVEtBtA,tHHtH (wt+1) = qzz/VEtﬂt,tH O+t St;) Je1 (wt+1)

N (A=Tu1) K
= 04/ E —
tq; tﬂt,tJrl (1 o 77) (1 + 5t+1) th

7 RGtEt(l — Ti41)
(1—n) (1+ se41)

The loglinear version of this surplus equation is

5= Z (@ an) - 0D (5 B

|

mrsh(1+7¢) /__ ~
e L — S+ h
s (i)
mrsh7e o whr__  whs__
— th — =T — —S5¢
(14+¢)S S S
+B (1 - p) B, [§t+1 (’w;rl) + Bt,t+1}
n(1—7) kKO ~ ~
— < |0, + F
+(1—77) 1+9 3% { ¢+ t(7t+1+5t+1):|
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In the presence of staggered bargaining, the dynamic surplus equation is,
in turn

~ 2h” wh(T+3 ~ o~

5 = x% (3 + ahy) - =222 (%”) (@ - P+)

mrsh (1+7°) (__ ~ mrsht .  whrt . whs_

- (mrst + ht> — th — =Tt — =5
(14+¢)S (1+¢)S S S

+B(1 - P) Ly [§t+1 (w;;»l) + Bt,t+1i| ﬁq Ly ( + H:c 41T ﬂt t+1)

B(l—p)y wh(T+53)
1-8(1—-p)y S

The reservation wages of the worker and of the firm are, respectively, the

wages at which the value of employment is exactly equal to the value of un-

employment, i.e. H,; (w,) = 0, or the value of a filled vacancy is exactly equal
to the value of an open vacancy, i.e. J; (w;) = 0.

Et (wt+1 'L/U\:)

Hy; (w;) =0

JrEtﬁt,tH (1-p) ['VHt-&-l(w:) + (1 —7) Ht+1(wf+1)} - qg/vEtﬂt,Hle,t-&-l

_ P g (h )
— w, = ht(lth) A, +b+qt Etfgtt-H x,t+1
P
— " Ef 41 (1= p) [YHia (w]) + (1 =) Hypa (w],)]
ht (1 — Tt)
Jt (@t) - 0
w,
— 0=2z{f(h )*fthr(lJrgt)
f
+Et6t,t+1 (1-p) [’thH(wf) +(1-7) Jt+1(w:+1)]
_ P, I
= W= (2 f (hy)]
P, " «
+mEtﬂt,t+1 (1= p) [y (w)) + (L =) Jea (wfyy)]

The steady state equations for the reservation wages are

w = h(ll_T)[gE\h)er—ﬁ(l—p—qW)H]
B 1 mrsh (14 7°) -
- h(l—r)[ (T R Gt )H}
W= gy o 00+ 80 = ) T = ey [T 5= )
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Figure 5. Impulse responses to a government spending shock with different degrees of

price rigidity. Solid line: baseline, & = 0.75, dotted line & = 0.25
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Figure 6. Impulse responses to a government spending shock with relative value of
non-work to work activities 0.72 (b = 0.41, solid line) and 0.9 (b = 0.53, dotted line)
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Figure 7. Impulse responses to a government spending shock with relative value of
non-work to work activities 0.72 (¢ = 10, solid line) and 0.9 (¢ = 2.6, dotted line)
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The Finnish Unemployment Volatility Puzzle

Abstract

This paper investigates the unemployment volatility puzzle in Fin-
land. We explore the ability of a New Keynesian dynamic stochas-
tic general equilibrium (DSGE) model with labour market frictions to
reproduce key volatilities found in Finnish business cycle data. We
contribute with a new data set to the Shimer debate and offer some
plausible explanations for the Finnish case. Specific emphasis is put
on modelling the wage bargaining framework as well as the cyclical be-
haviour of distortionary labour taxes. We find that wage rigidity is a
promising candidate for explaining Finnish labour market volatilities in
the period 1994-2010. Countercyclical taxes are not able to bring the
model-implied volatilities close enough to the data if calibrated prop-
erly, and they worsen the model in some other dimensions. We also
discuss the much larger labour market volatilities of the period 1981-
1993. We find that most of the specific features that characterized the
Finnish economy in that period, including during the exceptionally deep
recession of the early 1990’s, are such that they also increase the magni-
tude of the responses of labour market variables to shocks in our model
economy.

1 Introduction

Recent literature on labour markets and business cycles has aimed at solving
the unemployment volatility puzzle. Competitive models of the labour mar-
ket had not been able to explain the observed relatively smooth behaviour of
real wages over the business cycle together with the relatively volatile behav-
iour of employment. Shimer (2010) shows that adding matching frictions to
the labour market does not help in explaining this inconsistency between the
model and the data when fluctuations are driven by technology shocks. The
root cause seems to be that in the standard Mortensen-Pissarides model, the
wage is renegotiated in every period by Nash bargaining and is thereby let to
adjust very easily to changes in the economic environment. The volatility of
wages absorbs a large part of the fluctuation that is observed in employment
variables. Indeed, when job search is time consuming but wages are flexible,
search frictions aggravate the inconsistency between the model and the data.
Shimer (2010), however, also shows that wage rigidities can reconcile the
search model with the data and provide a quantitatively accurate description of
labour market dynamics. Rigid wages contribute to solving the unemployment
volatility puzzle because they make wages in each period less responsive to
economic conditions, and shift adjustment to the labour quantity side.



This paper investigates the Finnish unemployment volatility puzzle. We
explore the ability of a New Keynesian dynamic stochastic general equilibrium
(DSGE) model with labour market frictions to reproduce key volatilities found
in Finnish business cycle data. We test different versions of the model to find
out which specification gets closest to fitting the labour market dynamics in
Finland. Specific emphasis is put on modelling the wage bargaining framework
as well as distortionary labour taxes that affect labour market participants’
decisions. We add rigidity in the adjustment of wages in the form of staggered
bargaining initially developed by Gertler and Trigari (2009). One advantage
of this approach is that wage rigidity gets the explicit interpretation of longer
wage contracts.

There is no previous literature on Finnish labour market volatilities in the
unemployment volatility puzzle context. The debate on labour market volatil-
ities and the ability of the search and matching model to replicate the stylized
facts started from the United States, and analysis has accordingly been mostly
carried out with U.S. data. There is, however, reason to believe that the volatil-
ity of European labour market variables could differ from those in the U.S..
Therefore, a separate analysis has to conducted to assess whether a search
and matching model is able to provide a quantitatively accurate description of
these economies. Gartner, Merkl and Rothe (2010) investigate labour market
volatilities in Germany, and find that vacancies, labour market tightness and
the job-finding rate are roughly twice as volatile compared to the volatility
of labour productivity as in the United States. They use a dynamic labour
market model with heterogeneous worker productivity and explain the higher
German labour market volatilities by a longer expected job duration.

We use Finnish business cycle data for the period from 1981Q1 to 2010Q4,
and find that labour market volatility is also in Finland almost twice as high as
in the U.S., meaning that fitting a standard search and matching model to this
data is a priori likely to be even more challenging. However, the deep recession
of the early 1990’s associated with huge fluctuations in employment clearly
dominates the behaviour of Finnish labour market series. The exceptional
nature of that deep recession suggests that a separate explanation might be
needed for this time period. Moreover, in the early 1990’s many of the Finnish
economy’s structures significantly differed from those in place today making it
possibly misleading to use the same model framework to explain fluctuations
in the pre-depression years as opposed to the post-depression period.

In our main analysis we, therefore, concentrate on the period 1994-2010
which is found to exhibit very different labour market volatilities compared
with those found in the earlier data period and under the depression years.
These volatilities which are just a half of those found in the U.S. can easily be
explained with the help of our New Keynesian DSGE model framework.

We find that the calibration of the surplus from employment, including
distortionary taxes on labour, to match the Finnish data brings the search
and matching closer to being able to replicate labour market volatilities. This
is because the calibration implies a small match surplus that reacts relatively
strongly to technology shocks. In addition, wage rigidity is a particularly
promising candidate for explaining Finnish labour market volatilities. Im-
posing a wage contract length of approximately six months makes the model
match our data well.



Following the finding by Burda and Weder (2010) that payroll taxation is
countercyclical in many OECD countries, especially Finland, we investigate
the effects of including this feature into the model economy to the empirical
performance of the model. We find that countercyclical taxes are also able
to bring the model-implied volatilities close to the data, but they worsen the
model in some other dimensions. Similarly, countercyclical job separations,
that have been identified to contribute to Finnish labour market fluctuations
in bad times (see Ilmakunnas and Maliranta, 2008), increase the volatility
of unemployment but are not able to explain other key features of the data.
The advantage of the model with wage rigidity compared with other model
specifications is precisely that it generates, in addition to volatilities that match
the data, realistic comovements between different variables.

Furthermore, we discuss the much larger labour market volatilities of the
period 1981Q1-1993Q4 in Finland. We find that most of the specific features
that characterized the Finnish economy in that period are such that they
increase the magnitude of the responses of labour market variables to shocks
in our model economy. In that context we consider e.g. other than productivity
shocks, the different monetary regime and more rigid wages. Some observed
features of the Finnish economy that did not seem to characterize the labour
market volatilities of the later data period, such as countercyclical separations,
could have had a role in magnifying the shocks in the earlier period.

In section 2 we briefly summarize some key results for our approach from the
growing literature on the unemployment volatility puzzle. Section 3 presents
the Finnish data and establishes some key volatilities and cross-correlations to
be matched. Section 4 lays out the basic ingredients of the model. In section
5 we evaluate the steady state properties of the model, the results of dynamic
simulations, and the sensitivity of the model to key parameter choices. Finally,
we provide some concluding remarks in section 6.

2 The unemployment volatility puzzle

Shimer (2005) argued that the Mortensen-Pissarides model in its standard
form does not sufficiently reproduce the relatively smooth behaviour of wages
and relatively volatile behaviour of labour market variables observed in the
data when the driving force in the model is assumed to be technology shocks
of plausible magnitude. Shimer further argued that the problem arises be-
cause, in the standard model, the wage is renegotiated in every period by
Nash bargaining and is thereby let to adjust very easily to changes in the eco-
nomic environment. In the growing body of literature that has attempted to
explain the problem, known as the unemployment volatility puzzle, the focus
has accordingly been on ways to amplify the response of vacancies and unem-
ployment to shocks. The range of alternative models proposed to solve the
unemployment volatility puzzle includes both flexible and rigid wage variants
and has been summarized in e.g. Hall (2005b).

The majority of solutions proposed in the literature can be roughly divided
into those that aim at making the match surplus small and those that add
rigidity in the adjustment of wages.

A number of contributions (see e.g. Trigari, 2006; Hagedorn and Manovskii,
2008; and Costain and Reiter, 2008), have identified the magnitude of the



match surplus as a key factor contributing to explaining the unemployment
volatility puzzle. The intuition is that a smaller surplus reacts more to shocks
of equal size and translates into increased volatility of labour market variables.
Hagedorn and Manovskii (2008), however, obtained this result by calibrating
the worker’s negotiation parameter to abnormally low and unemployment ben-
efit to abnormally high values. In addition, Costain and Reiter (2008) point
out that the calibration can be chosen either to match unemployment volatil-
ity or the effect of benefits on unemployment but not both. More specifically,
as Hornstein, Krusell and Violante (2005) also showed, the small surplus cal-
ibration solution to the unemployment volatility puzzle has the tendency to
exaggerate the policy effects of the model. This is not a trivial point as policy
analysis is one of the main uses of these kinds of models.

Another direct way to address Shimer’s critique is to include in the Mortensen-
Pissarides framework additional rigidity in the adjustment of wages. Hall
(2005a) introduced real wage rigidity in the form of a backward looking social
wage norm. The wage norm limits the adjustment capabilities of wages and
hence increases the adjustments on the labour quantity side. A small increase
in productivity immediately results in more vacancies being posted, a higher
job-finding rate and lower unemployment in that setup. Krause and Lubik
(2007) found that real wage rigidity in the form of a fixed wage did help to
generate a negative correlation between unemployment and vacancies, and to
increase the magnitude of labour market flows to more realistic values, but did
not affect inflation dynamics in a significant way. Trigari (2006) investigated
the different adjustment margins for labour input and showed that by modify-
ing the characteristics of the bargaining framework or of consumers’ behaviour
wage rigidity does also reduce the volatility of inflation.

The wage norm has been criticized for its ad hoc nature. Gertler and Trigari
(2009) modify the conventional MP model to allow for staggered multiperiod
wage contracting. The gain of the latter approach over a simple ad hoc wage
norm is that the key primitive parameter is the average frequency of wage
adjustment, as opposed to an arbitrary partial adjustment coefficient in the
wage equation. Their framework delivers the essential feature of the sticky-
wage model, the sensitivity of the employer’s surplus from a new hire to current
economic conditions. As wages are fixed over an exogenously determined time
period, they cannot respond immediately to those conditions. As a result,
adjustment is shifted to the number of workers employed.

Christoffel et al. (2009) compare the success of some different labour mar-
ket modeling approaches in the New Keynesian setup from the perspective of
inflation dynamics and also reach the conclusion that wage rigidity is needed
to explain the unemployment volatility puzzle. They confirm one point that
has received relatively much attention in recent years that under efficient bar-
gaining stickiness in wages matters for the rest of the economy only if it also
affects newly-created jobs. That is, only if it affects wages at the job creation
margin.

The most important empirical criticism of the rigid wage approach rests on
the claim that the wages of new matches are not found to be rigid. Pissarides
(2009) finds on the basis of microeconometric evidence that wages in new
matches are volatile and consistent with the key predictions of the standard
model. Haefke et al. (2009) argue likewise that wages are flexible at the
start of new jobs. On the other hand, Gertler and Trigari (2009) state that
evidence is not sharp enough to support this claim for two reasons. Data in



almost all cases does not match workers with firms and existing studies do not
control for cyclical changes in job quality. They argue that after controlling for
these compositional effects new hire wages are not more cyclical than existing
workers’ wages.

While there is a relatively large literature on the effects of labour market
institutions on equilibrium labour market outcomes, much less research can be
found on their impact on business cycle fluctuations. An exception is the effect
of unemployment benefits that has more recently gained attention in the unem-
ployment volatility puzzle literature. The unemployment benefit is namely a
major determinant of the relative value of non-work to work activities. Large
unemployment benefits make the agents nearly indifferent between working
and not working, decreasing the surplus from employment and increasing the
magnitude of the labour market responses to shocks.

Distortionary labour taxes also represent a significant intervention in labour
markets in developed economies, especially in Europe, and could have impor-
tant implications for labour markets’ capability to adjust to shocks. However,
the majority of papers which have augmented the New Keynesian business
cycle model with search and matching frictions in the labour market do not
incorporate taxation in their framework. Exceptions are e.g. Den Haan et al.
(2001), Andrés et al. (2006) and Vanhala (2007) who investigate the effects
of different taxes or of other labour market institutions such as unemploy-
ment benefits and firing costs on the cyclical properties of the New Keynesian
monetary model. They find that an increase in taxes increases the volatility of
output, unemployment and employment. Den Haan et al. (2001), for instance,
show that in a job matching model high initial replacement rates or tax rates
lead to a larger rise in unemployment as a response to a negative technology
shock than with "employment -friendly" institutions, in line with Blanchard
and Wolfers’ (2000) empirical evidence. This is because distortionary taxes on
labour reduce the after-tax value of the match surplus, thereby decreasing the
relative attractiveness of work.

While higher distortionary taxes imply a smaller match surplus and there-
fore contribute to explaining the unemployment volatility puzzle, e.g. Andrés
et al. (2006) find that this effect is quantitatively of minor importance. In-
stead, Burda and Weder (2010) find strong evidence that payroll taxation is
countercyclical: employer and employee contributions to social insurance tend
to fall in recoveries and rise in recessions. Incorporating this feature, instead of
constant tax rates, into a real business cycle model, they show that the model
is able to match central labour market volatilities and interactions of different
variables.

Our approach to explaining the Finnish unemployment volatility puzzle will
concentrate on wage rigidity and the behaviour of distortionary labour taxes
without resorting to any artificial small surplus calibration. The motivation
for this approach is, first, as Hall (2005a) notes: "the primary reason that
the sticky-wage case is interesting is the general impression that wages are, in
fact, quite sticky". In the context of the Finnish wage negotiation tradition,
it would not seem reasonable to ignore explicit wage rigidity. In international
comparisons, Finland has typically been classified as a country with high union
density and centralized wage bargaining. There is also recent evidence of real
wage rigidity in Finland both from individual real wage changes of job stayers
(Dickens et al., 2007; Bockerman et al., 2006) and industry-level data (e.g.
Holden and Wulfsberg, 2007). Moreover, Gorodnichenko, Mendoza and Tesar



(2009), who study the Finnish Great Depression of the early 1990’s, find that
downward wage rigidity played a key role in the amplification of the downturn
caused by a negative shock to external trade and positive shock to energy
prices.

Second, for example the evidence from selected OECD countries presented
in Burda and Weder (2010) shows that the negative correlation between payroll
taxes and GDP is strongest in Finland, together with Germany, suggesting that
the cyclical behaviour of taxes is a relevant alternative to explore in explaining
Finnish labour market dynamics.

In addition to wage rigidity and countercyclical taxation we also test a
model specification with countercyclical job separations. This is because there
is evidence of increased job separations and worker outflow in bad times in Fin-
land (see Ilmakunnas and Maliranta, 2008). If the job separation rate is higher
in bad times, this would obviously cause larger movements in unemployment
and could thereby contribute to the explanation of the volatility puzzle.

3 Finnish labour market developments and dy-
namics

This section describes labour market developments and dynamics in Finland
during the period from 1981 to 2010. We discuss the time series behaviour of
unemployment, vacancies, labour market tightness, the job-finding rate, wages
and productivity in Finland and compare the volatility of these variables to
those in the U.S. and those in Germany.

There is no previous literature on labour market fluctuations in Finland
in the context of the unemployment volatility puzzle. Most of the evidence
on this phenomenon is from the United States, starting with Shimer (2005).
Gartner, Merkl and Rothe (2010) provide summary statistics on labour market
fluctuations for Germany, and conclude that vacancies, labour market tight-
ness and the job-finding rate are roughly twice as volatile compared to the
volatility of labour productivity as in the United States. We use this available
evidence to analyze and compare Finnish labour market data. Table 1 first
gives an overview of the cyclical behaviour of relevant variables in the U.S.
and Germany.

Table 1: Summary statistics for the U.S. 1951-2003,
and for Western Germany 1977-2004

u v v/u ¢V p w z
U.S. Std deviation ~ 0.190 0.202 0.382 0.118 0.075 —  0.020
U.S. / productivity 9.5 10.1 19.1 59 3.75 — 1.0

W.G. Std deviation  0.180 0.313 0.505 0.229 0.065 0.018 0.013
W.G. / productivity 13.52 23.56 3798 172 4.89 1.379 1.0
Source: Shimer (2005), Gartner, Merkl and Rothe (2010)

In Finland, there are two important data sets that contain information
on the labour market, the Employment Service Statistics (ESS) compiled by
the Ministry of Employment and the Economy and the labour Force Survey
(LFS) by Statistics Finland. The former only comprises data on the clients



of so-called employment and economic development offices (TE offices), i.e.
registered job seekers and vacancies. On the other hand, the labour Force
Survey does not include, or does not permit to compute, all relevant variables
for the labour market matching model used in this paper. Combining the
available survey and register data is not either an available option, since the
two data sources differ, among other things, with respect to the criteria for
job-seeking activeness and labour market availability.

In order to obtain sufficiently long time series which form a coherent data
set, we choose to use the Employment Service Statistics from 1981 onwards
to compute the relevant empirical labour market volatilities. The fact that
this data only represents some market share of the total labour market is not
likely to affect our main conclusions in any significant way. To confirm this,
we present a comparison between the two data sets and their most important
differences in the Appendix. Wage and productivity data are taken from the
quarterly national accounts data. The data for each variable and, for some
variables, the calculations that have been performed to obtain the final series
are described in more detail below.

To retain comparability to the U.S. and Germany, following Shimer (2005)
and Gartner, Merkl and Rothe (2010), we use seasonally adjusted quarterly
data and apply a Hodrick-Prescott filter with smoothing parameter A = 10°
to obtain the cyclical components of the variables as deviations from trend.
These deviations are calculated from logged series unless stated otherwise.
Before going into a more detailed description of individual variables, Table 2
shows an overview of the cyclical behaviour of relevant variables in Finland in
the period from 1981Q1 to 2010Q3.

Table 2: Summary statistics and correlation table for Finland 1981Q1-2010Q3

u v v/u qv w z
Std deviation 0.286  0.352 0.626 0.402 0.028 0.019
/ Productivity 14.983 18.481 32.833 21.088 1.474 1.000
Autocorrelation 0.983  0.950 0.972 0.969 0.790 0.627
Correlation
% Unemployment 1.000 —-0.924 —-0.977 —-0.963 —-0.710 —0.152
v Vacancies 1.000 0.985 0.965 0.595 0.306
v/u = 6 Tightness 1.000 0.982 0.659 0.242
¢" Job-finding rate 1.000 0.592 0.234
w Wages 1.000 0.177
2z Productivity 1.000

Finnish labour market volatility in 1981-2010 resembles more the corre-
sponding fluctuations in Germany than in the U.S.. The standard deviations
of all labour market variables are larger than in both comparison countries
but the volatility of productivity is nearly as high as in the U.S.. As a result,
the volatilities relative to productivity are for some variables smaller than in
Germany. In particular, vacancies and labour market tightness seem to be less
volatile relative to productivity than in Germany whereas unemployment and
especially the job-finding rate are more volatile. The standard deviation of the
job-finding rate relative to productivity is almost one and a half times larger
than in Germany and three and a half times larger than in the U.S..

As to the cross correlations between the variables, we note a strong Bev-
eridge relationship and a positive correlation between the job-finding rate and



labour market tightness of almost one. One noteworthy difference in the
Finnish 1981 to 2010 data from both U.S. and West German data is that
labour market variables are less correlated with productivity. This observa-
tion suggests that other omitted driving forces of the business cycle and labour
markets than technology shocks have been more important in Finland than in
the two comparison countries. This seems logical in light of the exceptional
events that Finland faced in the early 1990’s recession and, overall, in the
case of a small open economy. In particular, the low correlation of wages and
productivity indicates that aggregate wage movements have been only loosely
tied to current period productivity.

It is not possible to check robustness of these findings by using exactly the
same sample period for Finland than has been used in the studies on the U.S.
or Germany because of limited data availability. However, the time period we
use is not very different from that in Gartner, Merkl and Rothe (2010), and it
seems that Germany is also in other respects a closer reference for analyzing
Finnish labour market volatilities.

One relevant comparison is, however, to take a shorter observation period
from Finnish data, in particular, by leaving outside the exceptionally deep
recession of the early 1990’s. That recession has been combined with a number
of exceptional events such as the collapse of the Finnish Soviet trade and the
deregulation of financial markets that had taken place in the 1980’s, raising
doubts about the validity of analyzing the economy in this period as being
driven by technology shocks. In that period, the Finnish economy experienced
a profound structural change, including a shift from more traditional industrial
production to the rise of the information technology sector. The comparison is
important because that recession dominates the behaviour of most of the time
series for labour market variables, especially that of unemployment. Table 3
shows the corresponding summary statistics for the shorter, and more recent,
time period.

Table 3: Summary statistics and correlation table for Finland 1994Q1-2010Q3

u v v/u v w z
Std deviation 0.086 0.165 0.238 0.167 0.015 0.022
/ Productivity 3.894 7.459 10.801  7.583 0.681 1.000
Autocorrelation 0.956 0.965 0.972 0.965 0.946 0.955
Correlation
% Unemployment 1.000 —-0.789 —0.906 —0.940 —-0.131 —0.763
¥ Vacancies 1.000 0.975 0.881 0.347 0.803
v/u = 0 Tightness 1.000 0.947 0.288 0.830
¢ Job-finding rate 1.000 0.164 0.766
w Wages 1.000 0.519
2z Productivity 1.000

The volatilities of all labour market variables and the wage are significantly
smaller for the shorter time period. While this is not a surprising result per
se, it should be noted that the standard deviation of productivity, in turn, is
larger than for the whole observation period, and, as a result, the volatility of
labour market variables has significantly decreased also in relative terms. The
correlation of labour market variables and of the real wage to productivity
becomes significantly stronger and that of the real wage to labour market



variables significantly weaker. In the subsequent data analysis we compare the
volatilities of the shorter and longer time periods.

3.1 Unemployment

Quarterly unemployment is measured as mean of the seasonally adjusted monthly
data. For the observation period we use to calculate labour market volatilities,
the standard deviation of the cyclical component of registered unemployment
is 0.286, i.e. about 15 times more volatile than productivity. Figure 1 shows
the quarterly series for unemployment in levels and its trend.

There is evidence that employment agencies are a relevant market place
mainly for primary educated job seekers in Finland. This bias in unemployed
searching workers’ composition is likely to affect positively matching perfor-
mance as suggested by Lahtonen (2006), and therefore be relevant for e.g.
matching function estimations. The composition of the pool of job seekers
does not, however, affect the conduct of the present study because the cyclical
properties of registered unemployment are very similar to the labour Force
Survey’s measure of unemployment which covers in a more balanced way the
whole labour market. In particular, implied unemployment volatility is nearly
the same. The log deviations from H-P trend are 0.32 for the ESS series and
0.33 for the LFS measure for a comparison period from 1989 to 2010.
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Figure 1. Quarterly unemployment and trend, 1981-2010

The exceptionally deep recession of the early 1990’s dominates the behav-
iour of most of the time series, especially that of unemployment. Unemploy-
ment then rose to fivefold levels within a few years time and took a long time
to recover. It still has not reached the levels seen before the deep recession.
In contrast, during the recession that followed the global financial crisis, em-
ployment responses to the sharp fall in exports and output were very mild. As
a result, the relative volatility of unemployment differs very much according
to which time period is considered. In particular, shortening the observation
period to the period after the deep recession decreases the relative volatility
of unemployment to just 4 times that of productivity.



3.2 Vacancies

Vacancies are measured as open positions registered at employment and eco-
nomic development offices at the end of each month. The quarterly series is
calculated as the mean of the seasonally adjusted monthly data. The log-
deviation from trend of the cyclical component of vacancies is 0.352, i.e. va-
cancies are about 18 times more volatile than productivity. Statistics Finland
also records quarterly figures for vacancies based on a survey on working aged
(15 to 74 years) Finns. While this would offer a broader coverage of the labour
market this data has only been available since 2003 and cannot, therefore, be
used for our purposes. Our conclusion on the volatility of vacancies does not,
however, depend on which data for vacancies is used, since the log-deviation
from H-P trend of registered vacancies is almost identical to that of Statistics
Finland’s vacancy measure which covers all vacancies, at least for the short
time period the measure for all vacancies has been recorded.
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Figure 2. Quarterly vacancies and trend, 1981-2010

Vacancies peaked before the deep recession of the early 1990’s and fell
thereafter to record low levels. Vacancies peaked also before the recent global
financial crisis but both the rise in vacancies and the subsequent fall were
much more subdued. This can also be seen as decreased relative volatility of
vacancies in more recent times. Taking only the later part of the time series
from 1994 onwards, the relative volatility of vacancies decreases to 7.5 times
that of productivity. While this is less than half of the volatility observed in
whole sample, the difference between the whole data set and the shorter data
set is not as large as in the case of unemployment. One further observation is
that the time series for vacancies shows an upward trend from the mid 1990’s
onwards (see Figure 2), probably reflecting at least partly the advances in
information technology at the employment offices.

A solid finding in data analysis is the negative cross correlation of vacancies
and unemployment. Figure 3 shows a scatter plot of the relationship between
the cyclical components of these two series, i.e. the Beveridge curve relation.
The correlation of the percentage deviation of unemployment and vacancies
from trend is —0.924 between 1981 and 2010, slightly stronger than in the
U.S. or Western Germany. However, the Beveridge relation in Finland seems
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to have weakened more recently since the corresponding correlation in the
shorter data sample is —0.789.

12
08 °
04 %

00 T oo BB %o,
g

Vacancies

12 08 -04 00 04 08

Unemployment

Figure 3. Quarterly Finnish Beveridge curve, 1981-2010

3.3 Labour market tightness

The Finnish vacancy-unemployment ratio, or labour market tightness, a key
concept in the Mortensen-Pissarides literature, is extremely procyclical, with
a standard deviation of 0.626 around its trend. This implies 32 times more
volatile behaviour than that of productivity. The sharp peak in labour market
tightness, preceding the deep recession of the early 1990’s partly explains this
unusually high figure. Indeed, the volatility of the vacancy-unemployment
ratio is just 10.8 times that of productivity in the shorter data sample
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Figure 4. Quarterly labour market tightness and trend, 1981-2010
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3.4 Job-finding rate

We compute the job-finding rate as filled vacancies, or matches, as a share
of unemployed workers. Our time series for matches is filled vacancies each
month that is available directly from the Employment Service Statistics data-
base. This differs from Shimer’s (2012) measure for the job-finding rate which
is computed as the share of unemployed workers that leave unemployment
within a month. As Gartner, Merkl and Rothe (2010) note these out-of-
unemployment individuals may have moved out of the labour force instead
of finding a job. While the advantage with Finnish data is that we have a time
series for matches readily available, similar criticism applies here: the measure
for matches includes all filled vacancies irrespective of the labour market status
of the worker before he got matched. In other words, those workers may also
have been in another job or outside the working force in the previous period.

The search and matching model implies, however, that only workers in the
unemployment pool at the beginning of the period can be hired. Therefore, to
obtain a model consistent measure of job finding, the measure of filled vacancies
should be identified as filled vacancies by unemployed searching workers. As
there is no straightforward way to differentiate vacancies filled by unemployed
searching workers in our data set, we correct the match series with the share
of unemployed job seekers of all job seckers in each quarter'. The share of
unemployed job seekers of all job seekers tends to decrease in good times
and rise in bad times. As a result, the match series we use to calculate the
volatility of the job-finding rate is somewhat smoother than the series for all
matches (see Figure 5). The total number of matches (solid line) increases
in good times, but as a smaller share of these matches can be attributed to
unemployed searching workers, the behaviour of the matches of unemployed
searching workers (dotted line) are less procyclical.
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Figure 5. Quarterly job-findings / matches, 1981-2010

The job-finding rate calculated on the basis of our corrected match measure
is plotted in Figure 6. The log-deviation from trend of its cyclical component

IThe measure of all job seckers is decomposed, in the ESS database, into unemployed job
seekers (including individually laid-off workers), job seekers on reduced working week, those
who have work (including those in subsidized employment), job seekers not in the labour
force, and unemployment pensioners.
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is 0.402, i.e. the job-finding rate is 21 times more volatile than productivity.
In the shorter data sample this relative volatility is 7.6.
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Figure 6. Quarterly job-finding rate and trend, 1981-2010

If the increasing, constant returns-to-scale matching function is a good de-
scription of the process whereby the unemployed find jobs and firms find work-
ers, the job finding rate is an increasing function of the vacancy-unemployment
ratio. In the Finnish data this seems to be the case. The correlation between
the cyclical components of the job-finding rate and the labour market tightness
measure is 0.98, slightly higher than in U.S. or Western German data where
the corresponding correlation coefficient is 0.95. Fiqure 7 plots this ratio.

1.2
0.8 . 7
% 04 . socg)o
@ o
o <%
£ B
5 00 %gpizﬁ
2
S 04- L
s
0.8 o
4.2 ‘ : :
2 -1 0 1 2

Labour market tightness

Figure 7.

13



3.5 Separation rate

A central question for the design of labour market matching models has been
whether the inflow into unemployment varies with economic fluctuations, but
the literature remains inconclusive about the driving forces. The early view on
employment termination was that cyclical unemployment stems almost entirely
from cyclical variation in the inflow rate (e.g. Darby, Haltiwanger and Plant,
1986). This view has been contradicted by e.g. Hall (2005b) who argues that
the separation rate has been nearly constant over time but that the job-finding
rate shows high volatility. Therefore, during a recession the unemployment
rate increases not because the workers lose their jobs but because firms do not
create jobs.

This "outs win" view has also generated counter-arguments more recently.
Yashiv (2007) finds by re-examination of Shimer’s data considerable cyclical-
ity and volatility of both job creation and destruction. Likewise, Pissarides
(2009) finds evidence that both inflows and outflows into unemployment are
cyclical. He argues that the inflow rate contributes roughly one third to one
half of the volatility of unemployment. Elsby, Michaels and Solon (2009) repli-
cate Shimer’s analysis and extend it. They confirm Shimer’s finding that the
majority of cyclical unemployment variation can be attributed to cyclicality
in the outflow hazard, but they also find that increased inflows are important
in most recessions, especially the most severe ones. In a recent paper, Shimer
(2012) reassesses the ins and outs of unemployment and concludes that, in the
U.S. since 1948, the job finding probability has accounted for three-quarters of
the fluctuations in unemployment and the job separation probability for the re-
maining one-quarter. Moreover, Shimer finds that during the last two decades,
fluctuations in the separation probability are quantitatively irrelevant.

We compute the separation rate as new unemployed workers per unem-
ployed workers. The measure for new unemployed workers is directly available
from the ESS database. The separation rate is plotted in Figure 8. It looks
like there has been a regime shift from the high separations preceding the deep
recession of the early 1990’s to a fairly low and stable share of separations from
the mid 1990’s onward. The standard deviation of the cyclical component of
the separation rate from H-P trend is 14 times larger than that of productivity
for the observation period, but this relative volatility falls to 3.6 if the time
period is shortened to the more recent period.

Our separation rate is calculated from data on the worker side. It does not,
however, describe ezits from employment, since the data makes not distinction
as to what the labour market status of the new unemployed job seekers was
in the previous period. They may not have been employed but out of the
labour force for instance. As a consequence, our new unemployed workers
is a larger group of persons than would be unemployed workers who were
employed in the previous period. In addition to a difference in level, these two
measures could have different cyclical properties if the share of new unemployed
job seekers who were employed in the previous period to all new unemployed
job seekers showed a cyclical pattern. To make sure that we do not make
misleading conclusions on the cyclical properties of Finnish job separations,
we take a closer look at some properties of our time series. We also compare
our job separation measure to information from job and worker flow data where
transitions from one labour market status to another can better be tracked.

14



.28

24 H

.20 H

1985 1990 1995 2000 2005 2010
Figure 8. Quarterly job separation rate, 1981-2010

Ilmakunnas and Maliranta (2008) have recently updated the data on job
and worker flows in the Finnish Business Sector. One of their main findings is
that, in the period from 1991 to 2005, job creation has been procyclical and job
destruction countercyclical. The job destruction rate, however, after peaking
in the deep recession of the early 1990’s decreased steadily until 1997 and has
since then stayed fairly constant.

In the data on job and worker flows job destruction and job creation are
quite distinct concepts. In the Mortensen-Pissarides model, in turn, the job
destruction rate refers to matches, which consist in the standard model of 1
worker - 1 firm pairs. No difference is, therefore, made as to whether it is a
worker that gets separated from a job or whether it is the vacancy that seizes to
exist. Although our job separation rate is calculated only from the worker side
in unemployment register data, and can, therefore, not be directly compared
to the job-destruction rate calculated from job flow data, these two measures
show a similar pattern, especially in the recent time period.

In our data set, the separation rate correlates negatively with unemploy-
ment and positively with vacancies, tightness and job-finding in 1981-2010,
implying a smaller separation rate in recessions and larger in booms, in con-
trast to Ilmakunnas and Maliranta’s (2008) findings on the countercyclical
nature of job destruction. According to the ESS data, separations do rise in
recessions but unemployment rises more, so that the ratio between the two
decreases. No clear-cut conclusion on the cyclicality of job separations can
therefore be made. Furthermore, the correlation of the cyclical component of
the separation rate with that of productivity is just 0.03 in our observation
period, i.e. insignificant.

With respect to the above considerations and data for Finland, we opt to
model job destruction as exogenous in our analysis of Finnish labour market
fluctuations. We will, however, consider cyclical job destruction as one alter-
native modelling strategy because of its importance in the relevant literature
as well as the evidence of countercyclical separations in bad times found in
Finnish labour market flow data and the uncertainty surrounding the correct
way of calculating the job separation rate.
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Finally, it should be noted that the assumption that recessions involve little
increase in the flow of workers out of jobs does not mean that employers would
adjust their labour force only through variations in hires. The point is that
the changes in the separation rate that accompany employment changes at the
industry or aggregate level are tiny compared to the regular flow of workers
out of jobs (Hall, 2005b).

3.6 The wage

The wage is measured as gross wages in the whole economy. This measure
thus includes part-time work, overtime hours, bonus payments and one-off
increases in wages which tend to behave cyclically. The index of wage and
salary earnings does not seem a good alternative to us since it only includes
whole-time workers, and therefore, excludes significant cyclical variations in
the price of labour. Gross wages is then divided by hours worked in the whole
economy to avoid biases from possible changes in working time over time (e.g.
changes in the share of part-time work). To obtain a measure of real wages,
we deflate the hourly wage series with the series for CPI. Figure 9 plots log
real hourly wages and their trend in the observation period.

The standard deviation of the wage from its trend is 0.028, approximately
1.5 times as volatile as productivity. Shimer (2005) does not report the relative
volatility of wages in the U.S. or its cross correlations with other variables, but
according to Gertler and Trigari’s (2009) calculations using a slightly different
time period, the relative volatility of wages to output in the U.S. is 0.52. The
wage in Finland in the 1981-2010 period is thus much more volatile than in
the U.S. and even a little more volatile than in Western Germany. However,
in the period after the deep recession, the standard deviation of the wage from
its trend falls to 0.015, corresponding to a volatility of 0.681 of the volatility
of productivity.
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Figure 9. Quarterly log real hourly wages and their trend, 1981-2010

The Finnish wage series in 1981-2010 is clearly less correlated with labour
market variables than in the comparison countries. In particular, the correla-
tion of the real wage with productivity is only 0.177 compared to 0.56 (relative
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to output) in the U.S. and 0.611 in Germany. This correlation, however, does
rise to 0.519 in the period after the deep recession, whereas the correlation of
wages with other labour market variables weakens significantly.

3.7 Labour productivity

We compute labour productivity as output per hour in the total economy
and not per worker. In that way, we rule out that changes in working time
over the observation period affect the volatility of productivity. The standard
deviation of the cyclical productivity component from its trend is 0.019. The
corresponding volatility measure in the shorter time period is 0.022.
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Figure 10. Quarterly labour productivity, 1981-2010

In contrast to other variables, thus, the volatility of productivity seems
to have increased in recent years. This higher volatility reflects the different
nature of the most recent recession from the deep recession of the 1990’s.
While in the latter, productivity hardly fell at all, in the recent recession
the productivity fall was exceptionally large and abrupt mostly due to the
sudden stop in export demand. In addition, the 1990’s recession was felt in the
dramatic deterioration of the labour market situation, while in the more recent
recession, the huge fall in productivity did not cause large scale unemployment.

In Finland, productivity developments have been importantly driven by
the information technology sector during our observation period. Since the
beginning of the 1990’s the rapid increase in the value added of the information
technology sector is by far the most important factor that contributed to the
rapid increase in productivity. In the recent boom and bust period both the
peak in productivity growth preceding the financial crisis and the subsequent
sharp fall in productivity would be significantly smoother without the effect
of the information technology sector.
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4 The model

In the light of the data analysis, it appears that building a model that would
be able to reproduce Finnish business cycle dynamics of the whole period from
1981 to 2010 would be a considerable challenge, not only because of the ex-
ceptionally deep recession and profound structural change of the economy, but
also because of the fundamental change in the exchange rate regime. There-
fore, we opt for building a model that reflects the more recent developments
in the Finnish economy, i.e. our shorter data period from 1994Q1 to 2010Q3.

Although Finland became a part of the Euro area only in the beginning
of 2002, it had entered the third phase of the European Monetary Union al-
ready in January 1999. Finland also entered the second phase of the EMU in
the beginning of 1995 directly upon membership in the European Union. In
our modelling approach we will, consequently, abstract from monetary policy
considerations reflecting our choice to focus on the more recent time period,
but we will, in the subsequent analysis, specifically point out which modelling
choices would help in accounting for earlier business cycle dynamics.

4.1 General features

The model considers a small monetary union member state and builds in this
respect on Galf and Monacelli (2008). As suggested by Schmitt-Grohé and
Uribe (2003), 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. Capital is not included as a factor of production since the focus of this
paper is on the labour market.

The framework is augmented by a Mortensen and Pissarides (MP) search
and matching labour market model (Mortensen and Pissarides, 1994; Pis-
sarides 2000). The structure of the standard labour market matching model
has been amended with rigidity in the adjustment of wages. Wage rigidity is in-
troduced in the form of staggered bargaining initially developed by Gertler and
Trigari (2009), and applied in Gertler, Sala and Trigari (2008) and Christof-
fel, Kuester and Linzert (2009). One advantage of this 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.

Another extension from more standard New Keynesian models is the in-
corporation of distortionary labour taxes. This reflects our hypothesis that
these represent a possibly significant distortion in economies like the Finnish
one, and are therefore likely to affect both the equilibrium of that economy
and its capacity to adjust to shocks. We explore these issues in more detail in
the model evaluation part.

In our framework, there is only one worker per firm, and the wage and
price setting decisions are separated from each other. labour market frictions
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 competition and set prices subject to Calvo rigidities. Final goods
are produced from domestic and imported intermediate inputs under perfect
competition.
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4.2 Preferences

As in similar models, we adopt the representative or large household interpre-
tation, implying perfect consumption insurance against variations in labour
income due to the labour market status of household members (see e.g. Merz,
1995).

The representative household maximizes its expected lifetime utility

%c*t ) (he)"?
(e wtt]) o

where C} is final good consumption in period ¢, s« € (0, 1) indicates an external
habit motive, C;_; stands for aggregate consumption in the previous period,
h; are hours worked, and ¢ is a scaling parameter for the disutility of work.
Disutility of work is experienced by those members of the household who are
employed, n;. The inverses of p and ¢ are the elasticities of intertemporal
substitution and of labour supply respectively. The household’s (real) budget
constraint is

*

B;
(1+Tt)ct+?t
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The left-hand side of the equation describes the expenditures of the house-
hold. Consumption C} is subject to a proportional tax 7¢. The household can
buy a nominal one-period foreign bond B; denominated in the common mon-
etary union currency. The right hand side describes the household’s income

sources which consist of after-tax real wage niphy (1 —7), unemployment
TRt

beneﬁts (1 —ny) b, lump-sum transfers , and of profit from firm ownership

P Income is also received in the form of repayment of last period’s foreign
bond purchases. R; = (1 + ) stands for the gross nominal return on bonds.

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
are characterized by the following conditions

At
A= —— 3
) )
R
A = BE, [Am : } (4)
Tit1
where A\, = (Cy — »xCy_1)7? is the marginal utility of consumption and

Tip1 = PHI is CPI inflation. The discount factor is the same for all optimizing
agents in the economy and is hereafter defined throughout the paper as 3, ,, ; =

The interest rate paid or earned on foreign bonds by domestic households
R, consists of the common currency union gross interest rate R; which, for
the small member state is taken to be exogenous, and a country-specific risk
premium

Ry = Ryp (bf) (5)
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The risk premium is assumed to be increasing in the aggregate level of

foreign real debt as a share of domestic output (—bf = — P’f ;,t )2, The risk

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

p () = exp [~ (by — b)], with ;. >0 (6)

In the steady state, the risk premium is assumed to be equal to one. After
loglinearization the arbitrage relation gets the form?®

Ry = Ry — 7. by

4.3 The labour market

The labour market brings together workers and intermediate good firms.

4.3.1 Unemployment, vacancies and matching

The measure of successful matches m; is given by the matching function

my(ug, vg) = omugvtl_” (7)

where my is the flow of matches during a period ¢, and u; and v; are the stocks
of unemployed workers and vacancies at the beginning of the period. The
matching function is, as usual, increasing in both vacancies and unemployment,
concave, and homogeneous of degree one (see Petrongolo and Pissarides, 2001).
Lahtonen (2006) finds support for the constant returns to scale specification
of the matching function in 1995Q1-2002Q8 Finnish data but not in his earlier
estimation period which includes the recession years 1991-1993. 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

m —0
g =qf (0;) = — = onb, (8)
Ut
m —o
a" = biqf (0,) = uff = omb; )
t

and the inverse of these probabilities is the mean duration of vacancies and
unemployment.

0, = = is labour market tightness. The tighter the labour market is, or
the less there are unemployed people relative to the number of open vacancies
(i.e. larger 0,), the smaller the probability that the firm succeeds in filling
the vacancy and the larger the probability that the unemployed person finds a

job. Similarly, a decrease in the number of vacancies relative to unemployment

2This is the debt-elastic interest rate assumption, one of the mechanisms suggested by
Schmitt-Grohé and Uribe (2003) to close a small open economy model. 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.

3Hereafter, all variables marked with a hat denote log deviations of that variable from
its steady state level.
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(smaller 0,) implies that the unemployed person has a smaller probability to
find a job.

In the beginning of each period, a fraction of matches will be terminated
with an exogenous probability p € (0,1). Later, to assess the role of coun-
tercyclical separations, we will use the following simple rule by which the
separation rate depends negatively on output, i.e. there are larger separations
in bad times*.

pt:ﬁ_Qp(}/t_Y) (10)

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

ng=(1—p)ni_1+m_ (11)

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 destruction, 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 separated 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 (12)

4.3.2 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. We will call this wage the contract wage.

The structure of the staggered multiperiod contracting model applied here
follows Gertler and Trigari (2009) and 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 Appendix A.3.

The idea of staggered wage bargaining is analogous to Calvo price setting.
Rigidity is created by assuming that a fraction « of firms are not allowed to
renegotiate their wage in a given period. As a result, all workers in those
firms receive the nominal wage paid in the previous period w; ;. 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 com-
bination of wage bargaining and Calvo price setting allows to give an intuitive

4In that case, time-dependent p has to be included in all the relevant equations charac-
terising labour market behaviour and wage setting. For simplicity, this is not done in the
main text, but is included in the numerical simulations of chapter 5. The algebra including
time-dependent p is available from the author.
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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 effi-
cient Nash bargaining. In the baseline model, wages and hours are negotiated
simultaneously in each period. The firm and the worker choose the nominal
wage and the hours of work to maximize the weighted product of their net re-
turn from the match. When wages are rigid, it is assumed that as they become
productive, new matches enter the same Calvo scheme for wage-setting than
existing matches.

The contract wage w; is chosen to solve

max [H, (r)]" [J, (r)]* " (13)

subject to the random renegotiation probability. H(r) and Ji(r) are the
matching surpluses of renegotiating workers and firms respectively, and 0 <
1 < 1 is the relative measure of workers’ bargaining strength. The value equa-
tions describing the worker’s and the firm’s matching surpluses are the key
determinants of the outcome of the wage bargain.

Workers The value to the worker of being employed consists of after-tax
labour income, the disutility from supplying hours of work and the expected
present value of his situation in the next period®. In the case of non-renegotiation,
the worker gets the existing contract wage

wi h

Wi(r) = he(l=7) - 95\:)
+Et6t,t+1 (1 - P) [’YWtH (w:) + (1 - 7) Wit (wf+1)]
+Et6t,t+lpUt+l (14)

The value to the worker of being unemployed is

Ut =b + Etﬁt,t+1 I:thVWw,tJrl + (1 — thV) Ut+1:| (15)

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 ex-
pected present value of either finding a job or remaining 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 as-
sumption. 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, 41, the expected aver-
age value of being employed. New matches are subject to the same bargaining

°In the presence of perfect consumption insurance against different labour market out-
comes, it is necessary to define the worker surplus as the change in the household’s utility
of having one additional member employed. Accordingly, the worker surplus equation is ob-
tained by differentiating the household’s optimal value function with respect to the number
of workers. In addition, the resulting equation is expressed in terms of current consumption,
i.e. it is divided by the shadow price of consumption. For more details, see Trigari (2006).
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scheme as existing matches, and therefore the 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 surplus of
those workers who renegotiate their wage in the current period

Hy(r) = Wy(r)-U;

_ Uj _ g (he) _

= Pt ht (1 Tt) At b
+Etﬂt7t+1 (1 - P) [’VHt+1(w:) + (1 - 7) Ht+1(w:+1)]
_thEtBt,f,Jrle,tJrl (16>

Intermediate firms For the firm that renegotiates the wage in the current
period, the value of the occupied job is equal to the sum of the profit of the
firm in the current period net of payroll taxes s;, and the expected future value
of the job

J) =l ()~ S (14 5)

+E B (1= p) [yl (w)) + (=) S (wiy)] - (17)

P . . . . .
where 2/ = f,ft'ta:t is the relative price of the intermediate sector’s good

in terms of the CPI’, and f (h;) = 2/ is match output. The marginal
product of labour is accordingly mpl; = azh*™ ' = %}Z’)
productivity z; is identical for all matches and follows

. labour-augmenting

log(z:) = (1 —v,)log (2) + v, log (z1-1) + €

, tid

where v, € (0,1), and € ~ N (0,0%). The value to the firm of an open
vacancy is

Vi = —k+ Etﬁt,tﬂ@f [VJtJrl(wt) +(1—9) Jt+1(w:+1)]
+E By (1= 4¢) Vin (18)

6 Accordingly, the average surplus from working is Hy ;11 = vHyy1(w; [ﬂf‘” (wl‘gwn) +
(1 =) EyHy 1 (wyy ). If the worker starts working in a firm that is not allowed to renego-
tiate, 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.

"The firm surplus is here expressed in terms of consumer prices, as opposed to producer
prices, to avoid confusion in computing the wage bargaining solution. As a result, the
intermediate firms get the nominal price Py x; for their product while they value this
revenue in terms of the CPI. This creates a channel for CPI-PPI differences to enter the
wage bargaining problem as explained in section 2.3. See also Faia et al. (2010) for discussion
on this subject.
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The value of a vacancy consists of a fixed hiring cost x, and of the expected
value from future matches. 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

ti:Etﬂt,tJrl (Vi (we) + (1 =) i (wfy)] (19)
t

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

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

nA gy (r) = (1 —n) X H, (1) (20)

where the partial derivatives of the surplus equations w.r.t. the wage, A; =

Pt%fu(r) and ¥, = —Ptagtm, denote the effect of a rise in the real wage on the
t wt

worker surplus and (minus) the effect of a rise in the real wage on the firm’s
surplus respectively (see Appendix for details)

Ay =h (1 =70) + Eify 1 (L= p) vAria (21)

Ne=hy (L4 s) + EBypr (L= p) 780 (22)

These expressions can be interpreted as the discounting factors for the
worker and the firm 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 limiting case of efficient
bargaining, v = 0, the partial derivatives of the surpluses w.r.t. the wage
reduce to A; = hy (1 — 74), and ¥, = hy (1 + s,), and the first order condition
reduces to its period-by-period counterpart n (1 — 1) J; = (1 —n) (1 + s;) H;.
The worker and the firm have, accordingly, the following effective bargaining

weights: (lf&) and ((11:?).
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In the symmetric one firm - one worker setup, used in this paper, the
discounting factors under the staggered bargaining regime would be equal
across agents unless the possible changes in distortionary taxes over time
were breaking this symmetry®. If taxes were held constant, the two dis-
counting factors would be effectively the same, just weighted with the rel-
evant constant labour tax rate °. As a result, the first order condition for
wage-setting would have the same form as with period-by-period bargaining
n(l—7)J, = (1—n)(1 + s) Hy, and the effective bargaining weights would
again be accordingly vy for the worker and gl "g for the firm. So, pro-
portional tax rates mfiuence the division of the total surplus from a job in
equilibrium, irrespective of the bargaining horizon, a standard result from the
labour market matching literature (see Pissarides, 2000, Chapter 9). More
specifically, both the worker’s and the firm’s marginal tax rate effectively re-
duce the worker’s relative bargaining power, and consequently his share of the
surplus.

However, when staggered bargaining is combined with the possibility of
changing labour tax rates over time, workers and firms have to take into ac-
count the future path of taxation in their negotiating behaviour, and labour
taxes also enter the discounting factor equations of agents. The corresponding
effective bargaining weights of agents'’ now depend, in addition to the negoti-
ation power parameter, on labour taxes both contemporaneously and through
their effect on the agents’ discounting factors.

As is apparent from the loglinearized forms of the discounting factors, pre-
sented in Appendix A.2, the increase in the worker’s labour tax decreases the
discounting factor of the worker and the increase in the employer’s labour tax
increases its discounting factor. As a result, following an increase in either tax,
firms place relatively more weight on the future than workers. The implication
for the effective bargaining weights is, in addition to shifting bargaining power
from workers to firms contemporaneously, that the expectation of future tax
increases further increases the discounting factor of firms relative to that of the
workers and thus increases the effective bargaining power of firms relative to
that of the workers. The effect of distortionary taxes on the division of match
surplus is thus amplified by staggered bargaining.

Given that the probability of wage adjustment is i.i.d., and all matches
at renegotiating firms end up with the same wage wy, 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.

Wi
Wiy1 = (1 wt+1 + ’Y/ t (23)

8In 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.
o0

N, = (1-1) Ef,Zb’tYHs (1=p)*y°hyps for the worker, and ¥, =
s=0
(I+5s) EtZﬁt,Hs (1= p)® y*hyts for the firm.
s=0
10 ]

for the worker and - (- for the firm.

n(14se)+(1—n) 5L (1-7¢) NSt (1+s0)+(1-n)(1-71)
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Wage dynamics The staggered bargaining framework has implications on
the behaviour of workers and firms, and on wage determination. To describe
wage dynamics in the presence of staggered contracting, we develop loglinear
expressions for the relevant wage equations. The approach is in the spirit of
Gertler, Sala and Trigari (2008), and is presented in detail in Appendix A.4.
The contract wage is solved by first linearizing the Nash first order condition

Ju(r) + Ay = Hy(r) + 5, (24)

and then plugging into the FOC the value equations and discounting fac-
tors for the worker and the firm respectively in their loglinearized form. The
resulting contract wage is

wy =1 — @) (r) + LBy, (25)

where ¢ = 5 (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,
the optimal wage depends on a wage target w?(r) and next period’s optimal
contract wage. The weight put on each of these components depends on the
steady state discounting factor and on the probabilities of job survival (1 — p)
and non-renegotiation . As the probability of not being able to renegotiate
the wage approaches zero, v — 0, i.e. we approach the period-by-period bar-
gaining case, ¢ approaches zero, 1 — 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 addi-
tional rigidity into wage dynamics on top of that implied by the Calvo scheme
alone. Gertler and Trigari (2009) show how spillover effects result from wage
bargaining. The target wage can be decomposed into two parts

Wy (r) = @ + @l By (@1 — W] (26)
where ' = % is the spillover effect. The spillover coefficient is

positive, indicating that when the expected average market wage F;w;,1 is
higher than the expected contract wage Eywy,,, (corresponding to 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 staggered wage setting, but also of the spillover effects from the
Nash bargaining process.

The spillover-free component of the target wage is of exactly the same form
than the period-by-period negotiated wage (presented in Appendix A.3), only
adjusted for the multiperiod discounting factors.

o) = ¢, (th + mplt) + @S + o By (QAZL + Hi (w:+1) + 6t,t+1)

_wh,/ﬁt — P58t + 0, Tt + Ty + Pp L [itﬂ — 3t+1} +P (27)

26



As its period-by-period counterpart, the spillover-free target wage depends
on what the worker contributes to the match and on | his opportunity cost.
Note that, due to the formulation of the relative price 27;, whenever domestic
production prices rise more than the CPI, this creates an upward pressure on
the target wage. An increase in the employee’s labour tax increases the target
wage whereas an increase in the employer’s labour tax lowers the target wage.
The target wage depends positively on the difference between the firm’s and
the worker’s discount factor because while an increase in the firm’s relative
discounting factor decreases the target wage through an increase in the rela-
tive effective bargaining power of firms, the change in the relative discounting
factors also has the effect - by the Nash first order condition - of decreasing
the expected surplus of the worker, thereby increasing his wage demand in the
current period.

Finally, combining all the relevant elements of the wage bargaining out-
come: the contract wage, the average wage and the target wage, yields a
second-order difference equation for the evolution of the economy’s average
wage (see Appendix A.4 for derivation)

Wy = \yWy—1 + )\O'wto + Ap Byl (28)

Due to staggered contracting, the average wage in the economy @, depends
on the lagged wage w;_;, the spillover-free target wage @?, and the expected
future wage E;w;;1. The longer is the average duration of wage contracts,
i.e. the larger is the non-renegotiation parameter -, the more weight gets the
lagged wage component in wage determination.

4.3.3 Determining hours of work

While matches are restrained to renegotiate the wage 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 follow-
ing first order condition obtained by differentiating the Nash maximand w.r.t
hours

g ()

A
where f,, is, as before, the marginal product of the labour input i.e. hours.
Using the expressions for the production and utility functions, this can be
written as

(=70 a foy = 1+ s¢)

(L= 7)) x'mply = (1 + s¢) mrsy (1 + 75) (29)

This optimality condition equates the value of the marginal product to the
marginal rate of substitution between work and leisure, and resembles 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
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labour adjustment in the number of workers, as defined by the vacancy posting
condition and the matching function.

4.4 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!!.

4.4.1 Private consumption good

The private consumption good is a composite of intermediate goods distributed
by a continuum of monopolistically competitive wholesale firms at home and
abroad. Wholesale firms, their products and prices are indexed by i € [0, 1].
Final good firms operate under perfect competition and purchase both domes-
tically produced intermediate goods ym . (i) and imported intermediate goods
Yy (7). They minimize expenditure subject to the following aggregation tech-
nology

w—1 w—1

) o ([Z’ym O dz} -

where w measures the trade price elasticity, or elasticity of substitution
between domestically 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 be-
tween the individual varieties of domestic and foreign intermediate goods yields
the following demand curves facing each wholesale firm

Y (i) = (mt(z)) h Yirs (31)

yry (i) = (p?F(j) > B Y (32)

)

e

Ci= |1 =)= ([thr,t (i) di] o

where Py, and Pp, are the aggregate price indexes for the domestic and
foreign intermediate goods respectively

1
1 1—¢

Py, = /PH,t (i)' " di (33)

0

"'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 that of private consumption goods.
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1
PF,t = /pF,t (1)175 di (34)
0

To determine the optimal allocation between the domestic and imported
intermediate goods, the final good firm minimizes costs Py ;Yy; + PrYr,
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

P —T7
Ve =(1-W) ( gt> C, (35)
t
P —
Vi =W (“) C, (36)
P,

where P, is the home country’s aggregate price index, or consumption price
index

1

Po=((1=W) Py~ +WPL")= (37)

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 Pp;,
is equal to the foreign CPI P} (see Gali and Monacelli, 2008).

4.4.2 Public consumption good

The public consumption good is composed of only domestic intermediate goods
g (4). This assumption implies full home bias in government spending. 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.

Go= [ o) 0 - (39)

0

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

a) = (2) (39

12Note, 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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4.5 Wholesale firms and price setting

The wholesale firms buy the homogeneous intermediate goods at nominal price
P 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 deci-
sion 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; (in terms of producer prices) coincides with the real
marginal cost faced by wholesale firms. In each period, the wholesale firm can
adjust its price with a constant probability 1 — £ which implies that prices are
fixed on average for ﬁ periods. The wholesale firm’s optimization problem
is to maximize expected future discounted profits by choosing the sales price
pm.: (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 expected future discounted profit of a wholesale firm that reoptimizes
at t is

,t+s

Eiw (5 1 ) = e 0] =0 (40)

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

Ye (1) = yae (i) + yi, (1) + 1 (1) = (plﬂ (Z)>_ e

where Y;P 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 py;,. Using the definition of the discount factor and
rearranging, the first order condition can be written as

s s Mis [ < Pt > } 1 ( P )_E D
Ey &p° 1—¢ — | F v | | — : Vi, =0
t; Ay ( ) Pris " p*H,t Py "
(41)
which can be solved for ;Z ‘t to yield the following pricing equation
* By e () Ve,
Pry _ € 5=0 ' (42)
PH,t e—1

00
e—1
s s Nits PH,t+s D
EtZ§ 6 Ay ( Pt ) Y;t+s
s=0

13Some contributions merge the intermediate and retail sectors so that there are interac-
tions 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 —=; = 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

Thy = V2 + BET i (43)

where v = 7(1_5)(51_56).

4.6 The government

The public sector’s role in this economy is to collect taxes and use them to
finance unemployment benefits and lump-sum transfers as well as government
spending G¢. The government budget is balanced in each period with the
help of lumpsum transfers. In terms of consumer prices, the government’s real
budget constraint thus reads as

TR w P,
?tt = ntﬁht(ﬁ + St) + T?Ct — ;jt’t Gt — but (44)

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 increases.

Later, to assess the role of countercyclical distortionary taxes, we use a
simple rule whereby the chosen tax variable reacts to the deviation of output
from its steady state level.

TAX, =TAX — Qr (Y, - Y) (45)

where TAX, = 7,,s; and Qp is the output sensitivity of the tax instru-
ment. Increases in productivity increase output and permit to cut taxes but,
conversely, in bad times characterized by low productivity, tax rates are raised.
Note that this modelling strategy for introducing countercyclical labour taxes
differs from Burda and Weder (2010), but is consistent with their empirical
finding from OECD data that the cyclical components of the payroll tax rate
and of GDP are negatively correlated.

4.7 Equilibrium

For each intermediate good, supply must equal total demand. The demand

. —&
for good i is, as shown previously, y; (i) = (ﬂ’i‘—}'f?) Y,P, where Y,P is total
demand for domestic intermediate 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
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Following Gali and Monacelli (2008) defining an index for aggregate do-

1 L =1
mestic demand Y,” = { S (2)Tl dz} allows us to rewrite this as
0

D P\~ P\ 7 .
YVoi=01-W)—= Ci+W : Cy+ Gy
P, P;
Aggregate demand for domestic intermediate goods has to equal their ag-
gregate supply minus the resources lost to vacancy posting, leading to the
home economy’s aggregate resource constraint

P —w P —w
}/;:(]_—W)( g’t) Ct+W<PI;Qt> C:-'—Gt-’—ﬁl’l)t (47)
t

As a demand shock, we will later consider a shock to external demand

log(C}) = (1 = ve-)log (C*) + ve-log (Cfy) + €
where vo- € (0,1), and € “ N (0,02). While the economy’s aggregate
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

Y, = npzehy® (48)

The net foreign asset position is determined by the trade balance - the
difference between domestic output and domestic consumption.

By Py,

B} P, P,
B~ Rp (i) 5t = Y= Gim G- ke (49)
This relation is obtained by combining the consumers’ budget constraint,
the government’s budget constraint and the economy’s aggregate resource con-
straint as well as the equation for total dividends accrued to households, i.e.
the sum of the real profits in the intermediate and wholesale sectors (expressed
in terms of consumer prices)

D, P w P
FZ — %Yt - nt?iht (1+4s)— %mt (50)
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5 Model evaluation

5.1 Parameterization and steady state of the model

The parameter values are chosen to reflect the Finnish economy in the period
1994Q1-2010Q3 and are summarized in Table 4. For those parameters where
no independent evidence is found from Finnish data, we use conventional values
from the business cycle and labour market matching literature.

The quarterly discount factor is 5 = 0.992 which corresponds to an annual
interest rate of 3,3%. The labour supply, or Frish elasticity (i), is set to 0.1.
This is in the lower range of values implied by most microeconomic studies,
which estimate this elasticity to be between 0 and 0.5. The quarterly separation
rate is calibrated at p = 0.06, corresponding to the average Finnish separation
rate in 1994-2010. The labour elasticity of production parameter is set to
a = 0.99 which implies nearly constant returns to scale in the intermediate
goods production sector, and a labour share of 70 percent. The elasticity of
matches with respect to unemployment and the efficiency of matching are usual
values used in the literature.

Table 4. Parameter values

Parameter Value Explanation

Preferences

I} 992 Time-discount factor

10) 10 labour supply (Frish) elasticity of 0.1

0 1.5 Risk aversion

” 0.6 External habit persistence

labour market

« 0.99 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 ¥ = 1
Wholesale sector

€ 6 Elasticity of substitution, markup 20 percent
13 0.75 Calvo stickiness of prices, avg duration 4 qrts

v (: mg)(gﬂ) 0.085  Coefficient of mc in NK Phillips curve

Final goods sector

(1-W) 0.75 Home bias in final goods production
w 2.50 Trade price elasticity
Ve 0.05 Debt-elasticity of interest rates

The unemployment benefit parameter is calibrated at b = 0.4, and gener-
ates a replacement rate of 66 percent, defined as the ratio of unemployment
benefits to average net (after-tax) income from work ﬁ The OECD’s
"Benefits and Wages" publication (2007) suggests an average net replacement
rate over 60 months of unemployment of 70 percent for Finland, averaging
over four different family types. The unemployment benefit is not assumed
to be proportional to the wage nor to be indexed to inflation. As Christoffel,
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Kuester and Linzert (2009) note, in labour market matching models, there is
a trade-off between obtaining a reasonable labour share and a plausible re-
placement rate. In the present model, the wage bill is 70 percent, too high
compared with the data. On the other hand, this model abstracts from the
use of capital as a factor of production, so we deem it more important to get
the replacement rate right.

The wholesale sector is calibrated in line with the literature, so that the
markup is at a conventional value of 4 = -5 = 1.2. The Calvo parameter is
& = 0.75 on the basis of Christoffel, Kuester and Linzert’s (2009) calibration
from the Eurosystem Inflation Persistence Network. The average duration of
prices is accordingly 4 quarters.

Table 5. Steady state ratios

Variable Value  Description

Y 1 Output

C 0.70 Consumption

U 0.1 Unemployment rate

RV 0.01  Total vacancy costs

n 0.9 Employment

qu 0.6 Probability of finding a job

qf 0.7 Probability of finding a worker
b/(wh(l — 7)) 0.66  Net replacement rate

nwh 0.7 Wage bill

¢ 0.13 Consumption tax

T 0.21  labour tax rate on employee

S 0.175 Employers’ social security contribution
TR )18 0.03  Lump-sum transfers

G 0.29  Government spending

P, 0.9 Autocorrelation of technology
ef 0.01  Technology shock of one percent

The steady state values of key model variables implied by the current para-
meterization can be found in Table 5. The steady state equations of the model
are, in turn, provided in Appendix A.1. In the steady state, output is normal-
ized to one, so that GDP components can be interpreted directly as percent
shares of GDP. The labour force is also normalised to one, and the steady
state unemployment level is 10 percent, corresponding to the average Finnish
unemployment rate in 1994-2010. A symmetric open economy steady state is
assumed where consumption levels are initially the same at home and abroad,
and both the trade balance and net foreign asset holdings are zero. As no cap-
ital is included in the model, the output components of private consumption
and government consumption (and the tiny amount of resources lost to va-
cancy posting) are scaled so that private consumption accounts for 70 percent
of steady state output and government consumption is 29 percent.The steady
state tax rates for labour and consumption are computed as ten year historical
averages of corresponding tax rates in Finland times the model-implied tax
base for each tax category. Accordingly, labour taxes for the employee and the
employer respectively amount to 30 percent and 25 percent times the wage bill
and the consumption tax rate corresponds to an average of 19 percent times
the size of private consumption.
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5.1.1 The relative value of non-work to work activities

Model calibration can be critical for the ability of the search and matching
model to account for observed labour market fluctuations, i.e. for solving the
unemployment volatility puzzle. In particular, the calibration of the value of
the non-work to work activities term is of key importance for fitting the model
to the data when exploring the effects of technology shocks (see e.g. Shimer,
2010). A sufficiently high relative value of non-work to work helps the model to
generate large variations in vacancies and unemployment in response to tech-
nology shocks and consistent with business cycle facts, as shown by Hagedorn
and Manowski (2008). The idea is that a smaller surplus reacts more strongly
to shocks of equal magnitude. Hagedorn and Manowski calibrated this value to
0.95 whereas Shimer (2005) set it at 0.4 interpreting it as only unemployment
benefits. In the present model, when the worker is not employed, in addition
to getting the unemployment benefit, he also enjoys increased time for leisure.
As a result, the value of non-work activities consists, not only of the fixed un-
employment benefit term, but also of an additional term that varies in function
of hours worked.

The steady state value of non-work to work activities'* is 0.73, in the mid-
range of values found in the literature. This value is obtained by calibrating
the level of benefits and the elasticity of labour supply to Finnish data and to
evidence from microeconometric studies, instead of direct targeting. An im-
portant feature of the present model, that increases the value of this parameter
compared to e.g. Shimer’s initial calibration, is the presence of distortionary
labour taxes. labour taxes namely decrease (increase) the relative value of
work (non-work). So, calibrating the model to the Finnish economy, including
labour taxation makes it a priori a better candidate for being able to replicate
observed labour market fluctuation than the standard model with low value of
non-work.

In the next section, we show that while the current parameterization brings
the model one step closer to matching observed labour market volatilities, it
cannot do the job alone unless wage rigidity is assumed.

5.2 Dynamic simulations

The Shimer critique stated, first, that the standard matching model cannot
generate enough fluctuations in labour market variables for productivity shocks
of plausible magnitude. Second, it pointed out that the standard model has
difficulties to match dynamic cross-correlations between labour market vari-
ables and output and unemployment. In this section we assess the performance
of our DSGE model with matching, that has been built and parameterized to
take into account specific features of the Finnish economy, in replicating the
Finnish data.

We initially assess three candidates that could bring the model closer to
the 1994-2010 data: wage rigidity, countercyclical taxes and countercyclical
separations. Then we separately point out how the model should possibly be
modified in order to be able to reproduce the kind of volatilities found in the
earlier data period 1981-1993.

g(h) 4

A
zf(h)—(T+s)wh

MDefined as
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5.2.1 Baseline results

The dynamic simulation of the baseline model economy shows that it cannot
reproduce Finnish labour market fluctuations (see Table 6). The model with
flexible wages and constant tax rates produces fairly correct cross correlations
between labour market variables, e.g. a well-behaved Beveridge curve with the
correlation between unemployment and vacancies of —0.781. The problem is
that the responses of labour market variables are much too smooth compared
to the data and the wage, in turn, adjusts too easily to the productivity shock.
The standard deviation of labour market variables relative to productivity is
less than a third of what the data indicates, while the volatility of the wage
implied by the baseline model is more than twice as high as that found in
the data. In addition, the baseline model fails to replicate the correlation of
the wage with productivity. While the unemployment volatility puzzle refers
specifically to the inability of the standard search and matching model to
account for the large volatility of U.S. unemployment and vacancies over the
business cycle when fluctuations are driven by technology shocks of plausible
magnitude, the same problem arises when we try to match our fairly standard
matching model to our data. This is what we call the Finnish unemployment
volatility puzzle.

Table 6. Aggregate Statistics
u v v/u qu w z
FI Economy, 1994-2010
Relative std. dev. 3.894 7.459 10.801 7.583 0.681 1.000
Autocorrelation 0.956 0.965 0.972  0.965 0.946 0.955
Correlation with z  —0.763 0.803 0.830  0.766 0.519 1.000

Model Economy, baseline
Relative std. dev. 1.000 2.045 2.864 1.136 1.318 1.000
Autocorrelation 0.961 0.832 0.919 0919 0.358 0.890
Correlation with z  —0.735 0.839 0.843 0.843 0.168 1.000

Model Economy, 7 = 0.5
Relative std. dev. 2.864 5.955 8.318 3.318 0.773  1.000
Autocorrelation 0.956 0.895 0.935 0.935 0.970 0.890
Correlation with z  —0.805 0.891 0.913 0.913 0.785 1.000

Model Economy, countercyclical taxes
Relative std. dev.  3.045 5909 8.681 3.455 1.681 1.000
Autocorrelation 0.977 0.950 0.970 0.970 0.741 0.890
Correlation with z  —0.791  0.976 0.940 0.940 0.534 1.000

Model Economy, ¥ = 0.5 and countercyclical taxes
Relative std. dev.  3.000 6.182 8.682 3.455 0.818 1.000
Autocorrelation 0.956 0.895 0.936 0.936 0.973 0.890
Correlation with z  —0.801 0.903 0.920 0.920 0.780 1.000

Model Economy, countercyclical job separations
Relative std. dev.  3.909 1773 3.182 1.273 1.545 1.000
Autocorrelation 0.924 0.218 0.767 0.767 0.123  0.787
Correlation with z  —0.939 —0.766 0.721 0.721 —0.022 1.000
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The improvement in technology allows firms to produce the same amount
of output with fewer inputs. Because of matching frictions the number of
workers cannot be adjusted on impact, and therefore, initially, hours per worker
fall. This causes an initial fall in total hours in the economy, replicating the
empirical evidence of e.g. Basu, Fernald and Kimball (2006) that positive
technology shocks are followed by a short run decline in employment. The
improvement in technology also implies higher expected future profits for firms
which start to open more vacancies from the next period on. Unemployment
starts to fall and total hours start to increase.

On impact, the negotiated wage falls because the price of the intermediate
good falls (i.e. the markup of retailers rise) more than the marginal produc-
tivity of intermediate goods firms improves, lowering firms’ per period profits.
As a result, the firms’ reservation wage falls. The reason behind this fall in
the intermediate goods price is the fall in the marginal rate of substitution.
As Blanchard and Galf (2010) emphasize, the behaviour of the marginal rate
of substitution is central to the outcome of technology shocks also in a model
with labour market frictions. They show that under specific assumptions on
preferences and technology, the marginal rate of substitution and marginal
productivity increase in the same proportion, leading to no fluctuations in the
markup and no change in unemployment.

In the present model, the change in the marginal rate of substitution de-
pends on the change in hours per worker and the change in the marginal util-
ity of consumption'®. With inelastic labour supply along the intensive margin
(¢ = 10), the fall in hours worked leads to a fall in the disutility of work (rise
in the utility of leisure) that is larger than the fall in the marginal utility of
consumption, and therefore to a fall in the marginal rate of substitution. The
price of intermediate goods is, if there are no changes in distortionary taxes,
solely determined by the changes in the marginal rate of substitution and in
marginal productivity'®. With the present calibration, the fall in the mar-
ginal rate of substitution is larger than the increase in marginal productivity.
Therefore, in this case, the fall in working hours produces initially a larger gain
to workers in the form of increased leisure time than the gain to firms from
increased productivity.

5.2.2 Wage rigidity

Adding rigidity in wage determination significantly increases the volatility of
labour market variables as shown in the third panel of Table 6 and in Figure
11. In this simulation, it is assumed that wages can be renegotiated every two
quarters (7 = 0.5). These results confirm that the quantitative implications of
the search and matching model for fluctuations in labour market variables are
sensitive to even modest amounts of wage rigidity. When productivity improves
but wages are rigid, firms’ expected profits rise encouraging them to open more
vacancies. The nominal wage reacts much less to changed economic conditions
since current conditions now only have a weight of 0.24 in wage determination.

The volatilities of unemployment and vacancies are now fairly close to
those observed in Finland in the later part of the observation period. Also
the relative volatility of the wage to productivity is close to the value found in

15m7‘/\5t = Qf)ilt — j\t.
1630 = m#ps; —mpl; by the optimality condition for hours worked.
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the data for that period, and the same applies for the correlation of the wage
with productivity. The Beveridge relation somewhat weakens to —0.755, still
staying close to the correlation found in the data.

Figure 11. Impulse responses to a one percent positive technology shock, flexible wages
(solid line), rigid wages (7 = 0.5, dotted line)

Output Vacancies Unemployment

Tightness Nominalw age Realw age
0.1 0.07 0.02
0 0
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0.1 -0.0 -0.0
0 20 40 0 20 40 0 20 40
X 1'SHours per w orker X 1'8 Total hours Consumption

M 1‘03 Inflation M 1'8Rea| interestrate M 1'8 Trade balance
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It appears that a wage rigidity parameter of approximately v = 0.59 would
be most consistent with Finnish labour market volatilities in 1994-2010, if no
other simultaneous modifications to the model are made to explain the un-
employment volatility puzzle. This renegotiation probability of nearly twice a
year is much higher than the approximate average wage agreement length in
Finland of one year, observed in the few most recent wage agreement rounds.
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However, the adjustment period of one year only applies to base pay in nego-
tiated contracts. The adjustment of other wage components such as bonuses
probably increases true wage flexibility significantly.

As Gertler and Trigari (2009) note, the elasticity of the wage with respect
to labour productivity corresponds to the regression coefficient of log wages
on log productivity. This elasticity can also be computed as the product of
the correlation between wages and productivity and their relative standard
deviations. Gertler and Trigari show that their model with rigid wages, unlike
e.g. the small surplus solution of Hagedorn and Manovskii (2008), not only
replicates the wage elasticity with respect to productivity found in the data,
but also their correlation and relative standard deviations independently.

For the Finnish data from 1994 to 2010, the OLS regression coefficient of
log wages on log productivity is 0.35, i.e. smaller than the finding of Gertler
and Trigari (2009) from U.S. data of 0.52. The corresponding correlation and
relative standard deviation of wages and productivity in the data are 0.519
and 0.681 respectively. Whereas our model with flexible wages implied an
elasticity of just 0.13, being the product of a too small correlation of the
wage with productivity (0.1 vs. 0.52 in the data) and a too large relative
standard deviation (1.318 vs. 0.68 in the data), the model with wage rigidity
implies an elasticity of 0.6, i.e. a correlation of 0.8 and relative standard
deviation of 0.73. This slightly too high value compared to the OLS coefficient
is thus almost entirely due to the fact that the model somewhat exaggerates the
correlation of wages with productivity. This feature is natural in a framework
where changes in productivity are assumed to be the only source of business
cycle fluctuations. More importantly, the model is able to reproduce realistic
volatility of both labour market variables and the wage.

5.2.3 Countercyclical taxes

Burda and Weder (2010) show that introducing countercyclical payroll taxes
into an RBC model with matching frictions solves the unemployment volatil-
ity puzzle. The assumption of countercyclical taxes generates higher labour
market volatilities also in the present model which, however, differs in many
ways from their model. Figure 12 shows how the economy’s response to the
technology shock is altered when tax rates are assumed to depend negatively
on output. Tax rates are cut in good times and raised in bad times.

The volatility of labour market variables increases significantly. Firms ex-
pected profits rise following the positive shock to technology but now also
their labour costs decrease due to the payroll tax cut, further improving their
profits and encouraging vacancy creation. The cut in the worker’s labour tax
increases the relative value of work encouraging labour supply along both the
intensive and extensive margins. Hours per worker rise after the initial drop
and unemployment falls.

This modelling choice brings the volatilities of unemployment, vacancies
and tightness fairly close to those in the Finnish data for 1994-2010 (see fourth
panel of Table 6). It also increases the Beveridge relation to —0.873 which is
already higher than in the data for that period. But, there are two major
drawbacks with this approach.
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Figure 12. Impulse responses to a one percent positive technology shock, baseline model

(solid line) vs. model with countercyclical taxes (dotted line)
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First, alongside the volatility of labour market variables, the volatility of
the wage relative to productivity also increases from the baseline case and
becomes far too large compared to the data (1.681 vs 0.681). The reason lies
in the effect of taxes on match surplus and on the division of that surplus.
Lower labour taxes on the worker make him accept a lower wage, and lower
payroll taxes on the firm increases its willingness to pay higher wages. The
bargaining set thus widens, but these effects are of roughly equal magnitude.
However, as discussed previously, changes in distortionary taxes also affect the
division of match surplus. More specifically, a decrease in the worker’s labour
tax and a decrease in the firm’s payroll tax both have the effect of shifting
bargaining power from the firm to the worker. This allows the worker to take
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home a larger part of the productivity improvement in the form of larger wage
increases. The wage thus increases more in response to improved technology
than in the baseline model.

In terms of the steady state wage equation, w = (115) [ L4 %9]
+8:Z; [(;’Z;) + %] , the shift in relative bargaining power brought about by

the changes in taxes can be interpreted as follows. Decreases in labour tax
rates increase the weight of the worker’s contribution to the match (the first
square brackets) and decrease the weight of the worker’s outside option (the
second square brackets) in wage determination. This implies that economic
conditions get a larger weight in wage determination, or that the wage becomes
more flexible. This is an opposite effect to the small surplus calibration of
Hagedorn and Manovskii (2008) where they chose a very small value for the
bargaining power parameter and a very large value of the outside option b, a
calibration choice that is known to make the wage more rigid.

Indeed, the decrease in distortionary taxes increases the total surplus from
a match. As is known from the unemployment volatility puzzle literature,
this larger match surplus reacts less to shocks of equal magnitude. Therefore,
while countercyclical taxes amplify the positive response of labour markets to
technology shocks through the incentive effects of lower taxation on labour
supply and vacancy creation, at the same time, they decrease the volatility
of labour market variables relative to that of productivity through the "large
surplus effect".

In Burda and Weder’s (2010) model the volatility of the wage relative
to productivity decreases as countercyclical taxes are introduced since they
start from a situation with no distortionary taxes at all. As a result, the
simultaneous effect of switching to a small surplus model outweighs the effect
of lower taxes on the division of that surplus. In the more realistic setup of
this paper, the steady state of the model is kept the same across simulations
while countercyclical taxes are introduced with the help of simple rules.

The other problem with this exercise is that in order to generate the volatil-
ities reported above, we have to assume a sensitivity of tax rates to changes
in output that is far too high compared with what we find in the data. More
specifically, in the above simulation, a one percent increase in output leads to a
one percentage point decrease in tax rates, requiring a tax sensitivity coefficient
Qr of approximately 5 in equation (47). However, in our data set, we only
find a negative correlation between the employee’s labour taxes and output of
—0.2, implying an elasticity of taxes with respect to output of —0.13, and no
significant correlation between the employers’ social security contributions and
output. This implies a much less clear countercyclical pattern of taxes than
that found in OECD data by Burda and Weder (2010) for Finland. The latter
calculate that the correlation between employers’ and employees’ payroll taxes
and output in Finland is —0.5. Using the data-consistent elasticity of labour
taxes with respect to output, the model is unable to generate significantly
larger labour market fluctuations than the baseline model.

To see whether the observed countercyclical behaviour of labour taxes in
Finland could be at least a complementary explanation to the unemployment
volatility puzzle, we combine rigidity in wage formation with countercyclical
taxes on labour (fifth panel in Table 6). This is a unique feature of the current
model, but a common feature of real economies. The result is that labour mar-
ket volatilities are only marginally larger than with wage rigidity alone, and,
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in addition, this comes with the cost of too high volatility of the wage relative
to productivity. This is because these two modelling approaches interact, so
that the countercyclical behaviour of taxes counteracts the explicitly added
wage rigidity.

More specifically, the effect of taxes on the division of match surplus is am-
plified by the staggered bargaining framework, as explained previously. As tax
rates are cut following the positive technology shock, bargaining power shifts
from the firms to the workers contemporaneously, but now also the expecta-
tion of further tax cuts increases the discounting factor of workers relative to
that of the firms further increasing the relative effective bargaining power of
workers. This leads to larger wage increases. Moreover, the larger surplus
brought about by lower tax rates reacts less to the initial shock, dampening
the volatility of labour market variables.

5.2.4 Cyclical job separations

There is recent evidence on the cyclicality of the inflow into unemployment by
e.g. Pissarides (2009). In addition, although we do not find a clear cyclical
pattern for the separation rate in our ESS data set, there is some independent
evidence of countercyclical job separations in Finland from worker and job
flows data (see Ilmakunnas and Maliranta, 2008). Moreover, as this issue has
gained considerable attention in the unemployment volatility puzzle, we test
whether countercyclical job separation could be one alternative or complemen-
tary explanation to the Finnish unemployment volatility puzzle.

We introduce countercyclical separations with the help of a simple rule in
the same way as we did with countercyclical taxes. We assume, as in Costain
and Reiter (2008), that the exogenous job separation rate depends negatively
on the aggregate technology shock, i.e. there are less separations in good times.
The sensitivity of the separation rate to variations in productivity is calibrated
to match the amount of variation in separations relative to productivity found
in our 1994-2010 Finnish data.

The introduction of cyclical job separations contributes substantially to
the cyclical volatility of unemployment which many models have been unable
to replicate. The results are shown in the last panel of Table 6. The model-
implied unemployment volatility now fits the data. However, the fit of the
model deteriorates in many other ways. Most importantly, cyclical job sep-
arations decrease the volatility of vacancies. The reason is that changes in
the separation rate do not affect the relative value of unemployment and va-
cancies, leaving the vacancy-unemployment ratio unchanged. As a result, a
larger fall in unemployment following the technology shock, brought about by
the countercyclical separation rate, is accompanied also by a smaller rise in
vacancies. Wage volatility, in turn, increases driving the model further away
from the data.

Cyclical job separations also yield counterfactual negative correlations be-
tween productivity and vacancies, and productivity and wages. One additional
problem resulting from this modeling choice is that it destroys the Beveridge
curve. This is a well-known outcome in the literature (see e.g. Costain and
Reiter, 2008) The model-implied correlation of vacancies and unemployment
is now 0.588 in contrast with the strong and negative correlation found in
the data. We conclude that cyclical job separations together with aggregate
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productivity shocks do not seem to contribute to the explanation of the un-
employment volatility puzzle in the present framework.

Costain and Reiter (2008) further find that combining variable separations
with match-specific productivity, in turn, enables the model to replicate data
fairly well. They note, however, that the latter alternative would have the
tendency to increase wage volatility. While it does not seem that counter-
cyclical separations would have had a significant role in the Finnish labour
market dynamics in 1994-2010, they could have had a role in our earlier data
period including the deep recession of the early 1990’s. As we report below, in
that period, the volatility of the wage relative to productivity was significantly
higher than more recently implying that the possible contribution of cyclical
separations to labour market volatility in that period can not be excluded.

5.2.5 Sensitivity with respect to key parameters

Price rigidity One reason for the support for models with nominal rigidities
is that they are, unlike RBC models, able to reproduce the empirical evidence
of e.g. Basu, Fernald and Kimball (2006) that positive technology shocks are
followed by a short run decline in employment. In a standard New Keynesian
model with imperfect competition and sticky prices, as productivity improves
but prices can only adjust partially, the immediate implication is that the same
amount of output can be produced with fewer inputs. In the present model,
this effect is seen in an initial downward adjustment of hours worked. Because
of matching frictions, the number of workers cannot be adjusted on impact.

If, however, prices were more flexible, the negative response of hours would
be smaller, vacancies would start rising immediately and unemployment would
fall more rapidly. More flexible prices would thus make labour market variables
more responsive to the technology shock, bringing the model one step closer to
solving the unemployment volatility puzzle. In contrast, Andrés et al. (2006)
find that price rigidity is the single most important factor bringing their model
closer to the data. This is because they use the conventional closed economy
model closed by a Taylor rule on the interest rate. As we explain in more
detail in the next section, in that setup the real interest rate falls on impact.
With rigid prices the fall in the real interest rate is drawn out, and the implied
increase in the present value of vacancies is stronger.

The open-economy dimension The majority of papers concentrating on
the unemployment volatility puzzle approaches the issue with closed-economy
models which typically feature a Taylor-type monetary policy rule. This has
important implications for the effects of technology shocks. When monetary
policy is accommodative, a positive technology shock induces a fall in the real
interest rate because the initial fall in prices is - by definition - counteracted
with a more than one-for-one fall in the nominal interest rate. In the presence
of matching frictions, the real interest rate has, in addition to its importance for
determining the intertemporal path of consumption, a central role in shaping
the responses of labour market variables to shocks. This is because, with
matching frictions, the vacancy posting decision of firms, or labour demand,
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is forward-looking. A falling real interest rate raises the discounted marginal
benefit from new vacancies, encouraging vacancy posting.

In contrast, in the small monetary union member state setup of this paper,
the nominal interest rate of the common monetary union central bank does
not react to changes in the inflation of the small member state. As the present
model is closed with the help of the debt-elastic interest rate assumption, the
nominal interest rate only reacts to the external indebtedness of the home
country. Moreover, the parameter governing the debt-elasticity of the interest
rate is typically small, so that the improved foreign asset position brought
about by the positive shock to domestic technology, only marginally lowers
the nominal interest rate.

In the present baseline model, prices initially fall more than the nominal
interest rate. This causes a rise in the real interest rate which discourages va-
cancy posting, thus dampening employment fluctuations. On the other hand,
the improvement in technology increases the expected profits of firms, so that
the net effect of the technology shock on vacancies is positive. Changing the
debt-elasticity parameter from 0.05 to 0.005, also a typical value in many
open-economy models (see e.g. Corsetti, Meier and Miiller, 2009), would make
the initial increase in the real interest rate large enough to produce a fall in
vacancies.

Another crucial parameter shaping the open-economy’s response to a tech-
nology shock is the trade elasticity parameter, i.e. the extent to which domestic
goods can be substituted for foreign goods when their relative prices change.
E.g. Collard and Dellas (2007) show that a technology shock can cause a
decline in employment if the elasticity of substitution between domestic and
foreign goods is low. In the present model, the initial response of total hours
is already negative to start with because of the fall in hours per worker ex-
plained above, but the negative effect on employment would be amplified if
we assumed a lower trade price elasticity than in our baseline model. In that
case the response of vacancies would be negative since the deterioration in the
terms of trade!” discourages domestic production so that output increases less
than productivity. As a result, total hours would fall more than in the baseline
case.

The home bias parameter is 0.75 in the baseline model implying that the
share of imported intermediate goods in domestic final goods production is
0.25. This might be somewhat small for the Finnish economy considering that
this parameter applies to private final goods, as public final goods are defined
separately to use only domestic intermediate goods in their production. How-
ever, raising the share of imported intermediates to 0.50 does not significantly
affect the results.

The small surplus calibration Finally, we assess the model’s performance
against changing two key parameters: the worker’s bargaining power and the
unemployment benefit to values that were found by Hagedorn and Manovskii
(HM, 2008) to reconciliate the matching model with the data without having to
add wage rigidity. Increasing the relative value of non-work to work activities

'"In the present framework, the fall in the domestic price level directly implies a deterio-
ration in the terms of trade because we abstract from exchange rate changes and the rest of
the currency union pays the domestic price for domestic exports.
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to 0.95 as in HM implies an increase of the unemployment benefit to 0.50.
This is enough for the relative value of non-work to work activities to rise to
0.95 because, in the present model, it also consists of the disutility of work and
distortionary taxes. The worker’s fallback position is thus relatively high even
in the baseline model. The worker’s bargaining power is fixed at 0.05.

As expected, in these conditions, the "Hagedorn-Manovskii" parameteri-
zation does not lead to a dramatic rise in labour market volatilities. This is
precisely the result of the above mentioned different construction of the mar-
ginal value of work which is already in the baseline case 0.73 when realistic
assumptions on the value of leisure and distorting labour taxes are included.
The value of work decreases with the introduction of taxes, and that of non-
work increases when also the value of leisure is accounted for. At the same
time the implied level of benefits remains at values corresponding to the data.

5.2.6 Higher labour market volatilities

The Finnish depression of the early 1990’s was so severe that it has earned
a place on Reinhart and Rogoff’s (2008) list of the "Big Five" postwar rich
country large-scale financial crises. A distinguishing feature of that depression
was the dramatic increase in unemployment which has been studied by e.g.
Koskela and Uusitalo (2004). As we pointed out earlier, the labour market
reaction during that depression relative to the experienced fall in productivity
was many times larger than in the most recent recession, leading to very dif-
ferent volatilities and cross-correlations than in the later data period studied
above.

The summary statistics for unemployment, vacancies, labour market tight-
ness, job-finding, wages, and productivity in 1981-1993 are presented in

Table 7.

Table 7: Summary statistics and correlation table for Finland 1981Q1-1993Q3

u v v/u v w z
Std deviation 0.339 0.443 0.775 0.469 0.032 0.014
/ Productivity 24.214 31.643 55.357 33.500 2.286 1.000
Autocorrelation 0.916 0914 0.918 0.914 0.954 0.932
Correlation
% Unemployment 1.000 —0.963 —0.988 —0.984 —0.785 —0.288
v Vacancies 1.000 0.993 0.977 0.705 0.324
v/u = 0 Tightness 1.000 0.989 0.747 0.311
¢" Job-finding rate 1.000 0.729 0.273
w Wages 1.000 0.351
2z Productivity 1.000

The labour market appears much more volatile in the period 1981-1993
than in more recent years. In absolute terms, vacancies, tightness and job-
finding are three times more volatile in 1981-1993 than in 1994-2010, whereas
unemployment is almost four times as volatile, and the real wage two times as
volatile as in the later part of our data. In contrast, fluctuations in productivity
are smaller, implying that in relative terms the differences between the two
time periods are even greater.

The much smaller correlation between labour market variables and pro-
ductivity in 1981-1993 compared with more recent data indicates that other
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driving forces than productivity changes have been important for labour mar-
ket fluctuations in that period, as expected. E.g. Koskela and Uusitalo (2004)
identify as the most important shocks that caused the deep depression, first,
the abrupt fall in exports due to the collapse of Soviet trade. Second, the rise
in European interest rates following German unification were combined with
a very restrictive domestic monetary policy in Finland that led to a dramatic
rise in real interest rates. In addition, they emphasize that, owing to the rapid
restructuring of the economy, job destruction was very rapid during the first
years of the 1990’s contributing to the fast rise of unemployment. Moreover,
the structural change created a large mismatch problem on the labour market
also reflected as an outward movement of the Beveridge curve.

As to institutions, they could not, in Koskela and Uusitalo’s (2004) view,
have caused the crisis but they are responsible for the slow recovery. They iden-
tify as the most important institutions in this respect, distinguishing Finland
from other European countries that did not experience a similar deterioration
in their labour market situation, the unemployment benefit system and wage
bargaining. Concerning the latter, Gorodnichenko et al. (2009) find that dur-
ing the Finnish "Great Depression" nominal wages were totally downward rigid
leading to only small adjustments in the real wage compared to the gravity
of the downturn. At that time, collective agreements were typically negoti-
ated for two to three years at a time, though actual wage changes may have
occurred more frequently. One specific feature of the unemployment benefit
system, in turn, was the generosity of benefits to 55-59 years old. Hakola and
Uusitalo (2001) argue that the extended duration of unemployment benefits
for older workers was responsible for a large share of the rise in aggregate
unemployment.

Most of these features that characterize the Finnish economy in the ear-
lier part of our observation period are also likely to amplify labour market
fluctuations in the context of our model economy. We show this for foreign
demand shocks and more rigid wages, and discuss the role of interest rates,
the unemployment benefit system and larger job destruction.

The monetary policy regime An additional important factor that proba-
bly contributes to the magnitude of labour market flows is the monetary policy
regime. This is one crucial difference when we compare the Finnish economy
before the mid 1990’s and after.

In the years 1981-1993, Finland conducted its own monetary policy. In the
1980’s monetary policy can be characterised by inflation targeting although
Finland did not have an official inflation target until 1993. E.g. Peura (1999)
estimates that the path of short term interest rates in that period is consistent
with a Taylor-rule type monetary policy rule with an inflation sensitivity coef-
ficient equal to 1.87. During the depression years, however, Finnish monetary
policy can hardly be characterised by any standard monetary policy rule. In
that period the other monetary policy objective, namely supporting the pre-
vailing fixed exchange rate regime, began to dominate, and consequently the
nominal interest rate was kept at high levels despite the fall in output.

To assess the role of the monetary policy regime for our results, we replace
the debt-elastic interest rate assumption in our model by a standard Taylor-
type monetary policy rule (see e.g. Woodford, 2003). The rule dictates that the
nominal interest rate is always adjusted more than one-for-one to changes in
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inflation. We use a parameterization usual in the existing literature, where the
interest rate smoothing parameter is 0.8 and the inflation sensitivity coeflicient
is equal to 1.5.

We showed earlier that the way the open-economy dimension is modelled
and calibrated is central to the outcome of technology shocks because it affects
the response of the real interest rate. As we described in the section on the
open-economy dimension of the current model, if the nominal interest can not
be adjusted to changing inflation, the real interest rate rises and dampens the
labour market effects of the technology shock.

In contrast, when the nominal rate aims at stabilizing inflation, as when
monetary policy follows a Taylor rule, the fall in the real interest rate, by the
same logic, amplifies the labour market response to the positive technology
shock as shown in the third panel of Table 8. This would apply, of course,
symmetrically to a negative technology shock. This result lends support to
the hypothesis that differences in the monetary policy regime could be one ex-
planation for larger labour market fluctuations in Finland before membership
in the Euro area. However, the volatility comparisons under these different
regimes show that the effect is tiny compared to the huge volatilities experi-
enced during the depression in Finland. Of course, this sensitivity test only
assesses the effect of changing the monetary policy regime keeping the exchange
rate fixed. Therefore, in reality, a large currency union member state with in-
fluence on the common monetary policy is a closer reference than the small
economy not belonging to the currency area. Nevertheless, it shows again how
important the determination of the real interest rate is for the response of the
economy to shocks.

In addition to its effects on the labour market through the interest rate
channel, membership in a monetary union can also in other ways influence the
functioning of the labour market. E.g. Calmfors and Johansson (2006) argue
that membership in a monetary union implies stronger incentives for nominal
wage flexibility in the form of wage indexation and shorter contract length
than non-membership, offering an alternative adjustment mechanism that can
substitute for national monetary policy. While there could be other factors
also affecting contract length, there is both direct evidence of shorter wage
adjustment frequency in Finland in the later part of the observation period,
and indirect support for increased wage flexibility in the form of less volatile
labour market variables.

Wage rigidity To see what the effects of a longer contract length are, we
experiment with a wage rigidity parameter 7 = 0.83, implying an average
duration of wage contracts of one and a half years. The fourth panel in Table 8
shows the results. While they confirm our earlier conclusion that wage rigidity
is an efficient way of increasing the volatility of labour market variables in
this kind of framework, this model specification still just accounts for half of
the volatilities of vacancies and labour market tightness found in the data and
for only a third of the volatilities observed in unemployment and job-finding
figures. Also, the relative volatility of the wage to productivity is too low
and the correlation of the wage with productivity and other labour market
variables too high.

In addition, the model with this much wage rigidity generates a negative
effect of vacancies, tightness and unemployment to the technology shock after
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approximately eight quarters. In particular, as the improvement in technology
starts to fade but wages remain above their steady state level, the expected
profits of firms turn negative and they start decreasing vacancies. Unemploy-
ment increases and labour market tightness decreases. This weakening in the
persistence of the labour market response when wages are rigid is stronger
than in Gertler and Trigari (2009). One possible reason is the absence, in the
present model, of adjustment costs of hiring.

Foreign demand shocks We add a negative shock to foreign demand of
domestic intermediate goods C* to mimic in a simple way the collapse of
Soviet trade experienced in Finland in 1991, and combine that shock with
a negative technology shock. The shock corresponds to a decrease in foreign
export demand of nearly 17 percent. According to Gorodnichenko et al. (2009)
the share of Soviet exports to total exports was 18 percent before the collapse.

Just adding the negative export demand shock does not dramatically mag-
nify the fluctuations of labour market variables. The relative standard de-
viations become approximately twice as large as in the baseline case, a very
moderate effect compared with the data. Gorodnichenko et al. (2009) argue
that wage rigidity is key to understanding the strong amplification of the Soviet
trade collapse shock. Indeed, combining wage rigidity with the export demand
shock increases significantly the magnitude of labour market responses to the
foreign demand shock in the present model as shown in the fifth panel of Table
8.

While the relative volatilities of labour market variables and productivity
are now close to those found in the data, the model understates the magnitudes
of the declines in output and employment. This depends partly on the fact
that, unlike in the model economy, in reality the foreign demand shock was not
temporary and it was not possible to redirect the Soviet trade to other mar-
kets because of its special nature. Freystitter (2011) argues that the collapse
of Soviet-Finnish trade would be best understood as a capital obsolescence
shock as opposed to a conventional trade shock. Combined with balance sheet
constraints on firms she shows that the shock leads to a deep and persistent
downturn similar to that experienced in Finland in the early 1990’s. Moreover,
in our model economy, the real interest rate quickly adjusts back to its steady
state level whereas in the Finnish case the dramatic and persistent increase in
real interest rates played an important role in magnifying the recession.

Other factors E.g. Honkapohja and Koskela (1999) emphasize the negative
effect from defending the fixed exchange rate regime with high interest rates.
While the modelling of such a monetary policy objective is beyond the scope
of this paper, we note in this context our earlier finding that the real interest
rate is the key factor that determines, not only the path of consumption, but
also has important implications for labour market variables in an environment
where labour demand is a forward looking decision. A persistently high real
interest rate would decrease the expected value of filled vacancies, discouraging
firms from opening new vacancies.

E.g. Koskela and Uusitalo (2004) stress the importance of the unemploy-
ment, benefit system for the persistence of unemployment in the Finnish de-
pression. The duration of benefits was generally longer for all workers in the
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1980’s and 1990’s than today, and the system was especially favourable to older
workers who could enter the so-called unemployment retirement tunnel at the
age of 55. In the present model environment it is not possible to compare dif-
ferent benefit durations because benefits are assumed to be paid infinitely, but
Costain and Reiter (2008) show in a similar model that longer unemployment
benefit duration decreases the employment surplus, and consequently increases
the cyclical volatility of unemployment.

Furthermore, the behaviour of job separations could have had a role in
shaping labour market dynamics in our earlier data period. Our calculations
of the separation rate on the basis of ESS data show that there were more
separations and more fluctuation in separations in the earlier data period. We
first assess the sensitivity of the results to the calibration of the level of the
constant separation rate, and raise the separation rate to 0.20, an unconven-
tionally high value in the literature but one that corresponds to the Finnish
average quarterly separation rate in the first half of our observation period. A
higher separation rate has, expectably, the effect of making the labour market
response to the technology shock less favourable. Unemployment initially rises
a little but then starts to fall and vacancies fall on impact. A higher equilib-
rium separation rate implies a shorter average duration of jobs (%) When a
positive productivity shock hits the economy, with a shorter average duration
of jobs, firms expect to profit from the increased productivity for a shorter
time period. Therefore, firms’ expected profits rise less than with a longer av-
erage job duration, and, as a consequence, they open less vacancies. A higher
equilibrium separation rate thus implies less volatile labour market behaviour
relative to that of productivity. In the present model, however, the differences
to the baseline case are fairly small.

Table 8. Aggregate Statistics
u v v/u quw w z
FI Economy, 1981-1993
Relative std. dev.  24.214  31.643 55.357 33.500 2.286 1.000
Autocorrelation 0.916 0.914 0.918 0914 0.954 0.932
Correlation with z —0.288 0.324 0.311  0.273 0.351 1.000

Model Economy, baseline
Relative std. dev. 1.000 2.045 2.864 1.136  1.318 1.000
Autocorrelation 0.961 0.832 0.919 0.919 0.358 0.890
Correlation with z  —0.735 0.839 0.843 0.843 0.168 1.000

Model Economy, monetary policy follows Taylor rule
Relative std. dev. 1.263 2.641 3.682 1.472 1.018 1.000
Autocorrelation 0.954 0.863 0.924 0924 0.774 0.891
Correlation with z  —0.855  0.966 0.986 0.986 0.756 1.000
Model Economy, 7 = 0.83
Relative std. dev.  9.267  17.533 26.133 10.467 0.867 1.000
Autocorrelation 0.984 0.963 0.978 0978 0.908 0.741
Correlation with z  —0.393 0.710 0.615 0.615 0.917 1.000

Model Economy, foreign demand shock and 7y = 0.66
Relative std. dev. 17.955 36.636 51.909 20.773 0.864 1.000
Autocorrelation 0.962 0.768  0.899 0.899 0.980 0.889
Correlation with z  —0.190 —0.216 0.218 0.218 0.840 1.000
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As we argued in the previous section, countercyclical separations would in-
crease the cyclical volatility of unemployment significantly. In the evaluation of
the 1994-2010 labour market volatilities this explanation was rejected because
it generated too much wage volatility and decreased the volatility of vacancies.
In the earlier data period, however, the wage was much more volatile relative
to productivity than our other model simulations suggest.

6 Concluding remarks

This paper describes Finnish labour market volatilities in a DSGE framework
with labour market matching frictions. We contribute with a new data set to
the unemployment volatility puzzle discussion initiated by Shimer (2005) and
offer some plausible explanations for the Finnish case.

We first describe the time series behaviour of unemployment, vacancies,
labour market tightness, the job-finding rate, wages and productivity in Fin-
land in the period from 1981 to 2010. We find that the relative volatility
of labour market variables to productivity is roughly twice as high as in the
U.S., meaning that fitting a standard search and matching model to this data
is a priori likely to be challenging. However, the deep recession of the early
1990’s associated with huge fluctuations in employment clearly dominates the
behaviour of Finnish labour market series, and therefore requires a separate
explanation. As a result, in the subsequent analysis, we concentrate on the pe-
riod 1994-2010 and establish some benchmark volatilities to be matched that
are an order of magnitude smaller than in the longer data sample. We also
calculate benchmark cross-correlations which are used to assess the model’s
ability to match the data.

We find that our baseline search and matching model extended with distor-
tionary labour taxes is not able to reproduce the relatively smooth behaviour
of wages and relatively volatile behaviour of employment found in the data.
We therefore confirm the presence of an unemployment volatility puzzle in Fin-
land. Although the calibration of distortionary taxes to realistic levels does
take the model one step closer to being able to explain the observed labour
market fluctuations by decreasing the relative after-tax value of non-work.

We add rigidity in wage determination with the help of the staggered bar-
gaining framework developed by Gertler and Trigari (2009), and find that this
is the most promising candidate for explaining Finnish labour market volatil-
ities. While accounting for the countercyclical behaviour of taxes also brings
the model-implied volatilities close to the data, they worsen the model in
some other dimensions. Likewise, countercyclical job separations increase the
volatility of unemployment but fail to replicate some other key volatilities and
correlations in the data. The advantage with the model with wage rigidity
is precisely that it generates, in addition to volatilities that match the data,
realistic comovements between different variables.

We also discuss the much larger labour market volatilities of the period
1981Q1-1993Q4 in Finland. We find that most of the specific features that
characterized the Finnish economy in that period are such that they also in-
crease the magnitude of the responses of labour market variables to shocks
in our model economy. In that context we consider e.g. lower foreign export
demand, a different monetary regime and more rigid wages.
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A general consideration raised in the literature and pointed out by e.g.
Gertler and Trigari (2009) in the context of the unemployment volatility puz-
zle is that it does not make sense to try to exactly quantitatively match the
model moments and correlations under a single (technology) shock to uncondi-
tional data moments. To retain comparability to the unemployment volatility
puzzle literature, that is however what we have done in this paper. We have
mostly not taken stance on what other possible shocks drive aggregate eco-
nomic activity in Finland but this is certainly a relevant concern for a small
open economy. This is left for future research.
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A Appendix

A.1 Steady state of the model economy
Euler equation
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A.2 Model dynamics

The dynamics of the model are obtained by taking a log-linear approximation
around a deterministic steady state.
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A.3 Data appendix

In this appendix we compare and explain the most important differences be-
tween the data set we use: the Employment Service Statistics which covers
registered vacancies and unemployment, and the labour Force Survey.

One implication of the limited coverage of the ESS is, for example, that
the implied proportion of vacancies to job seekers, i.e. labour market tightness
is very low. Compared to Statistics Finland’s data the ESS data set records
more unemployed and less vacancies. It seems, however, that the differences
between the two series are mostly differences in levels which do not signifi-
cantly change over time. Moreover, the cyclical properties for the series are
similar irrespective of the source of the data, and should therefore not affect
the calculated volatilities.

A.3.1 TUnemployment

A comparison of the ESS data on unemployed job seekers with Statistics Fin-
land’s corresponding measure shows (see Figure Al) that there is a level dif-
ference in the amount of unemployed in favour of the ESS data (solid line).
This is mainly because the criteria for being classified as unemployed in the
labour Force Survey are tighter. They require that the person has been actively
seeking a job within the previous four weeks. Therefore many, e.g. elderly un-
employed waiting for retirement or students that are not actively searching
for a job are not classified as unemployed in the LFS. On the other hand, a
student about to enter the labour market within a few weeks may be classified
as unemployed in the LFS.
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Figure Al. Quarterly seasonally adjusted unemployment, 1989Q1-2010Q3.
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A.3.2 Vacancies

The ESS data on open vacancies cover only a part of the labour market and the
coverage may vary according to the sector and the business cycle. Statistics
Finland, in turn, publishes quarterly figures for vacancies based on a survey on
working aged (15 to 74 years) Finns. The advantage with this figure would be
that it includes, not only registered vacancies, but also open positions which
are advertised in the internet or major newspapers, and vacancies which firms
fill using their own contacts. Unfortunately, the latter data source has only
been available since 2003 and does not, therefore, allow for systematic analysis
of that time series.

To confirm our conclusions on the volatility of vacancies, Figure A2 plots
the time series for both available vacancy measures from 2003 forward. As with
unemployment figures, the vacancy series of the Employment Service Statistics
(solid line) is somewhat smoother than that of Statistics Finland (dotted line).
A comparison of the cyclical properties of the two series shows, however, that
their volatility is very similar, at least for the short time period the measure
for all vacancies has been recorded. The log-deviations from H-P trend are
0.12 for the ESS series and 0.13 for that of the LFS.
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Figure A2. Quarterly seasonally adjusted vacancies, 2003Q1 - 2010Q3.
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A.4 Period-by-period Nash bargaining

In the standard MP model, it is assumed that total match surplus, S; =
(Wi = Up) + (Jy — Vi), 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.

max(H,)"(J;)"

w,h
where 0 <7 <1 is the relative measure of workers’ bargaining strength.
The worker surplus gets the following form.

«
Wy
P,

h
ht(l—Tt)—g( ) —b+ EiBi i (1—P—qzsw) Hy

Ht:Wt_Ut: A
t

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

w*
Jo =i f (he) — ?tht (1+50) + EeByypa (1= p) Jega
t

The first-order condition for wage-setting is

aJ,
—-— = 1—n)—H
1 owy i ( ") Owy !

< n(l_Tt)Jt: (1—77)(1+8t)Ht
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 equa-
tion that includes only contemporaneous variables by substituting the value
equations into the Nash FOC, and making use of the expressions for the pro-
duction and utility functions.

w1 [Ifmplt B rfkt}
Pt (1 + St) 07 ht
(1—n) [mrs;(1+75) b ¢V
— E H
Tz ) | (1+0) T Brpprfln

n 1 (1—7411) 1
—F 1- -
Jrht tﬁt,t+1 ( Pt+1) Jr1 {(1 + 5¢) (I—=7¢) (14 8441)

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
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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

n to ﬁ Consequently, economic conditions get a smaller weight in wage

determination.

A.5 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

nAJy (wy) = (1 —n) X Hy (wy)

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

aHt (wt)
p L\
! awt
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= (-7
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= ErY Brars (1= p) Vhess (1= T110)
s=0

= A =h(1=7) + EByya (1= p) A

And similarly for the firm

oJ; (w
S p% = by (14 50) + BBy (1= p) 751
t

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

where the loglinear forms of the discount factors are

~ _ ~ [1-pB(1- T . ~
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and the expressions for J,(w;) and H,(w}) can be found as follows

Worker surplus The worker surplus can be written as

wy h
Hy(wy) = —hi(1—14)— 95\ 2 +b+ Etﬂt,t+1q;,/VHm,t+l
¢

+E By (1= p) Hipa (wiyg)
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In the last term, evaluate the expression E; [Hyy1(w)) — Hy1(w),,)]

Ey [Hi(w)) — Hypa(w)y)]
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When linearized, this expression gets the following form
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Tterating forward this can be further simplified to yield
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With the help of the above expression, the loglinear formulation of the
worker surplus is found to be
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Firm surplus The firm surplus can be written as

* w* *
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When linearized this expression gets the following form
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Iterating forward this can be further simplified to yield

e 1 wh(1+3) , o
Ey | Jir(wy) — Jt+1<wt+1)} SIS BU—p0 T By [@} — @]

Finally, as with the worker surplus, the loglinear formulation of the firm

surplus can be found with the help of the above expression
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The Contract wage Inserting the expressions for the worker and firm sur-
pluses, as well as those for the discount factors, into the linearized FOC yields
(after collecting the wage terms to the left-hand side and using the Nash FOC
for next period)
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where : = 3 (1 — p) . Dividing by the term {m%_?) + m(;.g) = E%Jrg) =
?S};? , and using the steady state equations for A and ¥, and for the Nash

FOC allows us to rewrite the contract wage equation in the following simpler
form
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where w;(r) is the target wage in the bargain, and its coefficients are com-
binations of deep parameters and model-implied steady state values
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and ¢

B0 =]

The target wage w?(r) is of the same form than the period-by-period ne-
gotiated wage, adjusted for the new bargaining weights. The equation for the
contract wage can be further rewritten as

T =) () + T By,

(1) )

=W =[1—dJa?(r)+ LEywy,

1 L
L

This is the optimal contract wage set at time ¢ by all matches that are
allowed to renegotiate their wage. As is usual with Calvo-type contracting, it
depends on a wage target w?(r) and next period’s optimal wage.

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

~ ~ wh (1 -7 N .
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wage equation gives

Denoting
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where the target wage @?2(r) - the wage the firm and its worker would
agree to if they are allowed to renegotiate, and if firms and workers elsewhere
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remain on staggered multiperiod wage contracts - is a sum of the wage that
would arise if all matches were negotiating wages period-by-period @? and the
spillover effect T Ey [@41 — @],,].

Evolution of the average wage To derive the appropriate loglinear expres-
sion for the evolution of the average wage, first collect the necessary elements
from previous calculations

1) The contract wage

~x

w; = [1— @ (r)+ LBy W] 4

2) The average wage

Wy = (1 - ”Y) wy + YW1

3) The target wage

@) (r) = ) + ¢l E; [@Hl - @kﬂ]

First, insert the target wage in the contract wage equation

'l/&;k = [1 — L] (@9 + SOHFEt I:@t+1 — 'I/L;:+1]) + LE{[D:+1

Then update the average wage equation by one period and take expecta-
tions

By 1 = (1 — ) Bywfyy + 7y

1 . _
(=) (EyWes1 — Yy

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

P
— Ly, =

1
(1=)

wy = [1— <@? + oulEiie i — ol { (B — 7@)}>

|y Bt -0

P ,\ N 1 .
W = (1—0)w + (1 —1)ouTEiirg — (1 — 1) ol ———Fyily 14

(1—=7)
vy ~ L ~ o

1-— r E -
+[ L“DH (1_7)wt+(1_7) + Wt 1 (1_7)?1%
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Denote ¢ = (1 —¢) pyT, and use the above equation to eliminate @; from
the average wage equation (equation 2)

By = (1=7) (1 =)@} + (Cy = 9) Dy + [(1 = 1) ¢ = €+ o] Eyiigs + iy

1=y (=@ =1 =) Q=)@ +[(1—7) ¢~ +d B + i

Finally, after dividing by [1 — 7 (¢ — ¢)], the dynamic average wage equation
can be expressed as

<~ Q/U\t = )\bﬁ)\tfl + )\(ﬂ/l)\to + /\fEtﬂ)\t+1

where \, = Y S A 2(1_7)(1_

L= (=)™ ==

¢
with¢ = (1—0)pul,i=F(1—p)ry, T = oo

(1—n) HB7"
wh (1 —7)

and @y , as previously denoted.

A.6 Match surplus and reservation wages

Total match surplus is the sum of the worker surplus and the firm surplus

Sy = Hy+ J
_ Wy 9
= Pt ht (1 Tt) At b

+Et6t,t+1 (1—p) [’YHHI(U’:) +(1=7) Ht+1(w:+1)}
w*
*quEtﬁt,tHHw,tH + ;' f (he) — Ftht (14 s4)
t

+Et/6t,t+1 (1-p) ['YJtH(w;) +(1—-7) Jt+1(w:+1)]

0wl ~omrsgy (1+77)
< St =T th Pt ht (Tt + St) —(1 i d))
+E By 11 (1= p) [ySear(wf) + (1 =) S (wiyy)]
—QZVEtﬁt,tHHz,tH
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If wages are renegotiated each period, the surplus equation can be further
written as follows

* sthe (1 4+ 75)
— § =glape Wi gy TS QT T
=, zhy P, ¢ (Te + 5¢) (1+¢)
_ c oy (1= 7e1)
TEB 111 (1= p) St (wiyy) (1—mn) w0,y (14 s441)

where the last term is derived using the Nash FOC equation and the va-
cancy posting condition

n (1= 7)
(1—=mn) (1 + s141)

1—71) K

0.0FF n t+1) K

e BB (T (T se) o
Ui
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(1T=n) """ (14 s441)

The loglinear version of this surplus equation is

w * w *
4y Etﬂt,t-!—lHtJrl (th) = 4 Etﬁt,t-H Ji1 (wt+1)
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In the presence of staggered bargaining, the dynamic surplus equation is,
in turn

TR N Wh4d) s o~ -
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=7 ch 1 =c - N o b =C b
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1-p(l-p)y S

The reservation wages of the worker and of the firm are, respectively, the
wages at which the value of employment is exactly equal to the value of un-
employment, i.e. H; (w,) =0, or the value of a filled vacancy is exactly equal
to the value of an open vacancy, i.e. J; (w;) = 0.

Hy (w;) =0
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The steady state equations for the reservation wages are
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Labour market frictions and wage rigidity in
an estimated DSGE model of the
Finnish economy

Abstract

This paper is a first attempt to estimate a DSGE model with labour
market frictions and wage rigidity for the Finnish economy. The contri-
bution is twofold. First, we obtain estimates of nominal rigidities and
wage indexation that are well in line with the existing literature and give
an economically plausible picture of the Finnish economy. We establish
that wage rigidity is empirically relevant for the business cycle, and pro-
vide a detailed assessment of the degree of wage rigidity and indexation
in different model specifications. Second, our estimation approach sheds
more light on the magnitude and effects of labour market shocks. We
find that labour market shocks importantly drive fluctuations of labour
market variables but they also account for a non-trivial share of output
fluctuations.

1 Introduction

As a member of the Euro area, Finland misses two channels that help a stan-
dard small open economy to adjust to shocks. It has practically no control
over the common monetary policy, and the nominal exchange rate is fixed. In
the preparation phase for EMU, accordingly, the most central question that
was raised was the ability of other adjustment channels to ensure the stability
of the Finnish economy in the face of asymmetric shocks. There was wide
agreement that, in this environment, in addition to the mobility of factors
of production and the role of fiscal policy, the functioning of labour markets
including the wage bargaining system will become more important.

After that the relevance of frictions on the labour market and of wage
rigidity has received a lot of attention in the recent macroeconomic literature.
It has been shown that models with these features are better equipped to
reproduce empirically observed business cycles (see Shimer, 2010 and Gertler
and Trigari, 2009). The typical approach in this branch of the literature has
been to match DSGE model-implied moments to data moments assuming that
technology shocks drive economic activity. Following this approach we found,
in Obstbaum (2011), that a calibrated model for the Finnish economy with
labour market matching and moderate rigidity in wage determination provided
model moments that best corresponded to data moments for the time period
1994-2010.

While this moment comparison approach has become the typical one in the
literature, recent advances in Bayesian estimation techniques offer the pos-
sibility to analyze the complete macroeconomic framework, and empirically



investigate the significance of different mechanisms such as wage rigidity for
model performance. This full information procedure also permits to account
for a complete range of shocks that hit the economy.

In this paper we empirically analyze the role of labour market frictions
and wage rigidity in shaping Finnish business cycle fluctuations, and the role
of different shocks, including labour market shocks, in driving the Finnish
economy. For this purpose, we estimate the New Keynesian DSGE model
built in Obstbaum (2011) using Bayesian Maximum Likelihood methods. The
objective is to find a model that best describes Finnish business cycles, in
particular the behaviour of labour markets. The focus is on the mechanisms
that affect the dynamic behaviour of the economy which are at the core of New
Keynesian macroeconomics. We specifically assess the role of wage rigidities.

There are only a few previous estimation studies that feature a similar
labour market structure and rigidity in wage setting. First, Gertler, Sala and
Trigari (2008), which is the closest reference for the present approach, develop
and estimate a medium-scale DSGE model that allows for labour market fric-
tions 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 a similar labour market structure but modify the model
to account for monetary union membership and for distortionary taxes that
we believe may importantly determine the reaction of the Finnish economy to
different kinds of disturbances.

Second, we follow Christoffel, Kuester and Linzert (2009) in including
labour market data into our estimation procedure. They argue that despite
possible measurement problems related to labour market data these series are
at the core of the search and matching literature and should therefore be in-
cluded in the set of observable time series in order to help the identification of
parameters. As they do, we also add labour market shocks and analyze their
significance for shaping the cyclical behaviour of selected key variables.

In addition, Faccini, Millard and Zanetti (2010) estimate a New Keynesian
model with matching frictions and nominal wage rigidities on UK data but
they do not include labour market shocks or data. Their staggered bargaining
framework is a simplified version of Gertler, Sala and Trigari (2008). They
establish that while wage rigidity enables the model to fit the data more closely,
the model is unable to precisely identify the frequency of wage adjustment.

While these studies are, to our knowledge, the only other papers that share
a similar labour market structure and wage determination model, there is, of
course, a wide range of other New Keynesian DSGE models that have been
estimated with different data sets and different end use purposes. To mention
a few of these which are close to our approach, the Smets and Wouters (2003)
model is certainly a starting point for the majority of these studies, including
the labour market extension of Gertler, Sala and Trigari (2008).

Adolfson, Laséen, Lindé and Villani (2007), in turn, has been a useful
reference because it is a small open-economy model estimated on Swedish
data. Sweden and Finland share some important economic features including
many labour market structures and wage negotiation traditions but these are
not at the centre of the analysis by Adolfson et al.. Their model features a
monopolistic labour market typical in New Keynesian models. Adding labour
market frictions and staggered wage bargaining has, however, clear advantages
compared to the more conventional setup, including the possibility to single
out the source of imperfections and rigidities. Almeida (2009) estimates a New



Keynesian DSGE model for the Portuguese economy which, like Finland, is a
small Euro area member state.

All the above estimation approaches provide posterior distributions for the
nominal rigidity parameters, but several report difficulties in identifying them
properly. While sticky prices and wages are key contributions of the New
Keynesian model, there is still uncertainty concerning the degree of rigidities
and the right combination of rigity and indexation. We follow Del Negro and
Schorfheide (2008) and Rabanal and Rubio-Ramirez (2003) in providing a com-
parison of models with high or low wage rigidity, as well as sensitivity analysis
with respect to different priors on rigidity parameters but also parameters of
shock processes.

There is a relatively long tradition of DSGE modelling in Finland. The
Bank of Finland’s AINO model (see Kilponen and Ripatti, 2006) was one of
the first models of that kind that was operative for both policy simulations and
forecasting. More recently Freystétter (2010) has estimated a New Keynesian
DSGE model with financial frictions with Finnish data. Differently from these
studies, however, we are the first to estimate a model with labour market
frictions and wage rigidity on the Finnish economy.

2 The model

2.1 General features

The model considers a small monetary union member state and builds in this
respect on Gali and Monacelli (2008). As suggested by Schmitt-Grohé and
Uribe (2003), 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 mar-
ket frictions and, staggered Nash wage bargaining. But differently from their
approach, in the present setup, 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 dura-
tion of wage contracts makes wages in each period less responsive to economic
conditions, and shifts adjustment to the labour quantity side.

The wage and price setting decisions are separated from each other. labour
market frictions arise in the intermediate good sector. The wholesale firms,
in turn, buy intermediate goods and re-sell them to the final goods sector.
They operate under monopolistic competition 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 propor-
tional wage tax paid by the employees, wage taxes paid by the employers in
the form of social security contributions, 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 or large household
interpretation. This implies perfect consumption insurance, a key assumption
needed to embed the MP model in a GE framework. Household members per-
fectly 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 unem-
ployment 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
1
> Civ — xCy_ 1—e h; ¢ .
/Eo {Zﬁt l( d 17; ) 767%7( 1:)¢ di (1)
0 =0

where C;, is final good consumption in period ¢ by household member i,
» € (0,1) indicates an external habit motive, C_; stands for aggregate con-
sumption 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

B*
A+7)C+ 1L+ A(vy) KP | + =

= Db (1 —7)+ (1 —n)b+
P,

B*
+Ri_1p (bill) ;ﬁ:l + TthKffl + %

The left-hand side of the equation describes the expenditures of the house-
hold. Consumption C} is subject to a proportional tax 7¢. As an alternative to
consumption, the household may choose to invest I,. There are only consumer
goods and therefore investment is in units of consumption good (see e.g. Hall,
2009 for a similar assumption). As households own the capital stock, they
also bear the cost of capital utilization A (v;) K ;. In addition, the household
can buy nominal one-period foreign bonds B} which are denominated in the
monetary union currency.

The right hand side describes the household’s income sources which consist
of after-tax real wage n; %y (1 — 7¢), unemployment benefits (1 — n;) b, lump-

Tgt, capital rental payments from firms v, K? and profit from

Dy

sum transfers

firm ownership 5~ 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, = R;_;p (b;_,) consists of the common cur-
rency union gross interest rate R;_; which, for the small member state is taken
to be exogenous, and a country-specific risk premium p (b;[l). The risk pre-
mium is assumed to be increasing in the*: aggregate level of foreign real debt as

a share of domestic output (—bf = — If &)t

'This is the debt-elastic interest rate assumption which is one of the mechanisms sug-
gested by Schmitt-Grohé and Uribe (2003) to close a small open economy model. Note that



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

Kt = l/th_l (3)

Effective capital is rented to firms at the rate 7F. The cost of capital

utilization per unit of physical capital is A (v;). It is assumed that in the steady
state v, = 1 and A(1) = 0. A’(1) /A" (1) = n,. The capital accumulation
equation is

1
KP = (1-6") K} | +¢ [I—S(It >]It (4)
-1
where 6% is the capital depreciation rate and el 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'(y,) = 0 and S”(v,) =
n, > 0, where 7, is the economy’s steady state growth rate. We assume e/

follows the exogenous stochastic process

log(et]) = (1—p;)log (61) + pylog (5{71) + gtl

where p; € (0,1), and ¢/ % N (0, 02). 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

At
A= —— 5
T+ 5)
R* *
A= o | Ay, T ) “)] (6)
Ti+1

where \; = (Cy — 5C;_1)" ¢ is the marginal utility of consumption and 7,11 =
P is CPT inflation.

The nominal rate of return in the domestic economy is R, = R;p (b;), where
the risk premium on foreign bond holdings p (b}) follows the function

p (b)) = exp [—v (b] —D)], with v, >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

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.

2 As Galf and Monacelli (2008) 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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Furthermore, the first order conditions for capital utilization v;, investment
I;, and physical capital K7 are respectively

= A () (8)

-[t / It
@4PS(@4ﬂ = QS G)

A I L\’
*ﬁEtQtH t+1 61{+1S/ s+l e | (9)
I I;

Qi = BE; A, [(1 - 5k) Qi1+ 7"?+1Vt+1 —A (’/t+1)] (10)

where @, is Tobin’s Q, 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 throughout the paper as 3, ,,, = ° A“’*.

2.3 The labour market

The labour market brings together workers and intermediate good firms.

2.3.1 Unemployment, vacancies and matching

The measure of successful matches m; is given by the matching function

my(ug, v) = opulvy (11)

where u; and v; are the aggregate measures of unemployed workers and vacan-
cies. 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, as usual, 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
My

Qt = Qt (0) = — =omt,” (12)
Ut

W= 0,q" (0) = = 5,07 (13)
Ut
and the inverse of these probabilities is the mean duration of vacancies and
unemployment.
0; = Zt is labour market tightness. The tighter the labour market is, or
the less there are unemployed people relative to the number of open vacancies

(i.e. larger 6,), the smaller the probability that the firm succeeds in filling



the vacancy and the larger the probability that the unemployed person finds a
job. Similarly, a decrease in the number of vacancies relative to unemployment
(smaller ;) implies that the unemployed person has a smaller probability to
find a job.

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

log(p,) = (1 —p,) log (p) + p,log (p,_,) + €

where p, € (0,1), and ¢/ YN (0,02). Labour market participation is char-

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

ny = (1= py) my—1 + My (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 destruction, 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 separated 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 vy 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 — . 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 7 = 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 effi-
cient 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 empirically in the flexibility of
new and existing worker’s wages.?

The contract wage w; is chosen to solve

max [H, (r)]™ [J, (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 <
1, < 1 is the relative measure of workers’ bargaining strength. The value equa-
tions 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(n,) = (1 — p,) log (1) + p, log (n,_,) + ¢
where p, € (0,1), and ¢/ % N (0,02)

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 [r;* (7'7°*)] as in Smets and Wouters (2003) or Christoffel,
Kuester and Linzert (2009).

* h
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+E B 101U (17)

The value to the worker of being unemployed is

U(r) =b+ EByyiy [af Wagsr + (1= @) Upia] (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

3E.g. Pissarides (2009) 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.



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, .1, the expected average value of being
employed. New matches are subject to the same bargaining scheme as existing
matches, and therefore the 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 surplus

Hy(r) = Wi(r) = Uy(r)

wy g ()
= —Lth (1= _ _
Pt ht ( Tt) At b
+Et6t,t+1 (1 - Pt+1) [’YHt+1(w: [Wiw (Wlisw)]) +(1—-7) Ht+1(w:+1)]
—QF/Etﬁt,tﬂHx,tH (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 rFk;, and the expected future value of the job

w*

Ji(r) = ' f (ke hy) — ?tht (14 s0) — ik (20)
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where 2 = Pt s the relative price of the intermediate sector’s good in

B
terms of the CPI5.t 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 (k;, z:h) = ki~ (z:h)” is the per worker produc-
tion function, where k;, = % 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, = ak; ™ (ztht)a_l = af(k‘#ft’“)
f (kf,l,:t hi
t

, and

the marginal product of capital is mpk; = (1 — «) ). The ﬁrm rents as

* Accordingly, the average surplus from working is Hy 1 = vHyy1(we [ﬂf“’ (771*5‘”)} )+
(1 =) EyHy 1 (wyy ). If the worker starts working in a firm that is not allowed to renego-
tiate, 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.

5The firm surplus is here expressed in terms of consumer prices, as opposed to producer
prices, to avoid confusion in computing the wage bargaining solution. As a result, the
intermediate firms get the nominal price Py x; for their product while they value this
revenue in terms of the CPI. This creates a channel for CPI-PPI differences to enter the
wage bargaining problem.



much capital as is necessary to maximize the value of the job. The maximiza-
tion of Jy(r) w.r.t. k; yields the equilibrium condition for an individual firm’s
capital stock

xHmpk, = rk (21)

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

log(z:) = (1= p.)log (z) + p.log (21-1) + €

, tid

where p, € (0,1), and ¢ ~ N (0,02%). The value to the firm of an open
vacancy is

Vi = —Kki+ Etﬂt,t+1Qf ['VJtJrl(wt [7??“ (Wl_ew)]) +(1—=7) JtH(“’?ﬂ)]
+Et6m+1 (1 - th) Vit (22)

The value of a vacancy consists of an exogenous hiring cost k;, and of the
expected value from future matches. Vacancy costs are subject to shocks

log(rr) = (1 = py)log (k) + p, log (ki) + €

where p,. € (0,1), and €/ YN (0,02). 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:

%:Etﬁt,tﬂ [’YJtH (wt [qu (7717&”)]) + (1 - ’Y) Jiy1 (w:+1)] (23)

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,.

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:

n:A e (r) = (1 —n,) S Hy (1) (24)

where the partial derivatives of the surplus equations w.r.t. the wage A, =

PtM and ¥; = — P, 9J:(r) denote the effect of a rise in the real wage on the
Owt owt

worker surplus and (minus) the effect of a rise in the real wage on the firm’s
surplus respectively (see Appendix for details).
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Ay =hi(L=7)+ Efyyr (L= ppa) v [mee (') ] m A (25)

B¢ =he (L+80) + EeBryir (1= pe) v [m5 (7'75) | 7B (26)

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 rene-
gotiate the wage, or of not surviving exogenous destruction. In the one firm -
one worker setup, used in this paper, the discounting factors 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. As is apparent from the loglin-
earized 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 rela-
tive 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 A, = hy (1 —7;), and 3, = hy (1 + s4),
and the first order condition accordingly reduces to its period-by-period coun-
terpart n (1 —7¢) Jy = (1 —n) (1 + s;) Hy.

Given that the probability of wage adjustment is i.i.d., and all matches
at renegotiating firms end up with the same wage wy, 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.

nt

e = (1 =) ufy +9
0

Wit

[r5e (o)) di (@7)

Ny

Wage dynamics The staggered bargaining framework has implications on
the behaviour 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

- PO - 1
Ji(r) + Ay = Hy(r) + % — T (28)

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,

In 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).
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as well as the derivation of the contract wage, are presented in detail in the
Appendix. The resulting contract wage is

Wy = [1 — @) (r) + LBy (R — uTr) + LED] (29)

where ¢ = 5 (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 v — 0,
t — 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

W) (r) = @) + LBy [ — 074 (30)
where " = % is the spillover effect”. The spillover coefficient is

positive, indicating that whenever the expected average market wage E;t 1
is higher than the expected contract wage Eyw;,, (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.

@) = @, (ff + mplt) — o (FF + ko) + 0,5 — @ he
+op by (‘/];W + Hyp (wfyy) + 5t,t+1)
.5+ PR+ 0rFe + 0By St = Bent| + o+ B (3)

Increases in the productivity of the match, in the marginal rate of substi-
tution 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, in-
creases in the cost of capital, in working hours per worker and 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 differ-
ence equation for the evolution of the average wage (see Appendix for detailed
derivation)

"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.

12



Wy = Ny (W1 + €411 — Tt) + Aoy + A By (Wyg1 + Tyg1 — €wTy) (32)

Due to staggered contracting, w; depends on the lagged wage w;_;, the
spillover-free target wage @7, and the expected future wage Eyiy1.

2.3.3 Determining hours of work

While matches are restrained to renegotiate the wage only with a given exoge-
nous 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

(=702 fap = (1+ s¢)

(I—=my) xthplt = (14 s)mrs; (14 71%) (33)

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®.

2.4.1 Private consumption good

The private consumption good is a composite of intermediate goods distributed
by a continuum of monopolistically competitive wholesale firms at home and
abroad. Wholesale firms, their products and prices are indexed by i € [0,1].
Final good firms operate under perfect competition and purchase both domes-
tically produced intermediate goods yg . (i) and imported intermediate goods

8This 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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yry (i). They minimize expenditure subject to the following aggregation tech-
nology

G| <[ZyH’t ()% di] EEl) N +W= ([zyF,t (i) di} EEI) N
(34)

where w measures the trade price elasticity, or elasticity of substitution
between domestically 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 be-
tween the individual varieties of domestic and foreign intermediate goods yields
the following demand curves facing each wholesale firm

e () = (220 Ty, (3)

yry (1) = (W) h Yiy (36)

where Py, and Pp, are the aggregate price indexes for the domestic and
foreign intermediate goods respectively

1 1—¢
Py, = / pre (1) 7° di (37)
LO
_ 1
1 1—¢
Ppy = / prg (1) 7F di (38)
L O

To determine the optimal allocation between the domestic and imported
intermediate goods, the final good firm minimizes costs Py Yy + PrYr:
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

P —w
Y, =(1—-W) <;t> Cy (39)
t
Vi =W (PF"f) ¢, (40)
P

where P, is the home country’s aggregate price index, or consumption price
index

1

Po=((1=W) Py~ +WP7)"= (41)
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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 Pp;,
is equal to the foreign CPI P} (see Gali-Monacelli, 2008).

2.4.2 Public consumption good

The public consumption good is composed of only domestic intermediate goods
g: (7). This assumption implies, contrary to e.g. the Redux model, full home
bias in government spending. 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 consump-
tion.

€

1

Gy = [f g ()T dz‘] (42)

0

Each wholesale firm 4 selling intermediate goods to the public consumption
good producer faces the following demand schedule

a) = (") e, (43

2.5 Wholesale firms and price setting

The wholesale firms buy the homogeneous intermediate goods at nominal price
Py 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 de-
cision 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 wholesale firm can adjust its price with a constant
probability 1 — ¢ which implies that prices are fixed on average for ﬁ 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 expected future discounted profit of a wholesale firm that reoptimizes
at ¢ is

Ef;w () ) -l =0 4t

PH7t+s

9Note, 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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where y; (i) is the demand of firm 4’s product by domestic private consumption
good firms, foreign private consumption good firms and the domestic govern-
ment, as outlined in the previous section

Ye (1) = Y (3) + Ygr, (1) + 90 (1) = (]mp;(:)> _ %

where Y,” stands for total demand for domestic intermediate goods. All whole-
sale firms are identical except that they may have set their current price at
different dates in the past. However, in period ¢, if they are allowed to reopti-
mize 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

- Avys [ < Pt > } 1 ( P )_ D
E, °B° 1—¢ : +exips| | — : Y. . =
tgg At ( ) PHA,tJrs " p*Hyt PH,t+s “

(45)

Z “ to yield the following pricing equation

E s A Pr oty € D
H»a 5 S
Et 5 ﬁ +s ( Py ) Y;+s

iH,t _ (6 1) : (46)
H’t B S At4s Jt+s e
Ef§ :g 3ot (Lgéj ) VR,

where —=; = p is the flexible-price markup. This is the standard Calvo result.

which can be solved for

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

Tt =V + BE e (47)

where v = 7(175)(51755).

2.6 Fiscal policies

The public sector’s role in this economy is to collect taxes and use them to
finance unemployment benefits and lump-sum transfers as well as government
spending GG;. 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,
By

Pry

B

ht(Tt + St) + cht t bUt (48)

=n—

B

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.
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Government spending is subject to shocks

log(Ge) = (1= pg)log(G) + pglog(Gi1) + €7,

where p; € (0,1), € “ (0,0%)

2.7 Equilibrium

For each intermediate good, supply must equal total demand. The demand
., . —E&
pg’—‘(z) Y,”, where Y,” is total
H,t
demand for domestic intermediate 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

0o () = <pf;;Fti))—f {(1 - W) <Pg’t>_w0t+w (P;;t>w0:+Gt}(4 |
9

for good i is, as shown previously, y; (i) = (

Following Gali and Monacelli (2008) defining an index for aggregate do-

1 L
mestic demand Y,” = [ S (z)Tl dz} allows us to rewrite this as
0

D P\ " P\ 7 .
YV, =(1-W) Ce+W . Cy + Gy
P, P,

Aggregate demand for domestic intermediate goods production 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\ 7 P\ 7 P,
Y, = (1—W) (’“) Cr+ W ( ’“) Cr+ Gy + ﬁtt/} (ve) K| + kyvy
| (50)

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

log(C;) = (1— pg-)log(C*) + pe-log(Cry) + €5

where po. € (0,1), € “ (0,0%.)

17



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

)/t = Ktl_a (ntztht) * (51)

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

Br By _ Puy

. " Pr,
Rtflp( tfl) Pt Pf }/t - Ct - It - :

P
P Gt —A (Z/t) K2071 — Hi Rt U
t

B
(52)
This relation is obtained by combining the consumers’ budget constraint,
the government’s budget constraint and the economy’s aggregate resource con-
straint 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

D, P wy P
?tt = g’t}/t — nt?iht (1 + St) — T‘?:Kt - %Htvt (53)

3 Model estimation

We estimate the model in log-linearized form using Bayesian Maximum Like-
lihood methods described in e.g. An and Schorfheide (2007)'°.

For the parameters that control the steady state we assign values that
match as closely as possible sample averages in Finnish data or relevant mi-
croeconomic evidence. The parameters that affect the dynamics of the model
are then estimated with Bayesian methods, with an emphasis on the parame-
ters determining the degree of nominal rigidities in the Finnish economy.

The closest reference for the chosen approach is Gertler, Sala and Tri-
gari (GST, 2008) who estimate a medium-sized monetary DSGE model with
labour market frictions and staggered wage bargaining using the same seven
quarterly data series as e.g. Smets and Wouters (2003). Unlike GST, but
following Christoffel, Kuester and Linzert (CKL, 2009), we include additional
labour market information in the form of time series collected from the Finnish
Employment Service Statistics. Christoffel, Kuester and Linzert (2009), argue
that it is important to include variables characterizing the labour market be-
cause they are at the core of the search and matching literature and are crucial
for the identification of parameters. Other series that we use in our estima-
tion procedure are from the Finnish national accounts database. All in all
our dataset is composed of quarterly series for 1) output, 2) investment 3)
hourly nominal wages, 4) unemployment, 5) productivity, 6) government con-
sumption, 7) the interest rate for Finnish 10 year government bonds, and 8)
vacancies. The filtered time series are displayed in the Appendix.

10The estimation is performed with Dynare/Matlab that uses the Kalman filter to find
the likelihood function. We introduce priors on estimated parameters to update the likeli-
hood, and to find the posterior distribution of parameters Dynare runs Metropolis-Hastings
simulations. The posterior simulation is done via a MH algorithm on five chains of 500 000
draws.
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To avoid problems of stochastic singularity which forms an obstacle to like-
lihood estimation, we add structural shocks to the model so that the number of
shocks equals the number of observable variables. While this is the minimum
requirement, the number of shocks could be even larger in which case the model
would be over-identified. Our model includes the following shock processes: a
technology shock, an investment-specific shock, a government spending shock,
a risk premium shock, a shock to the foreign consumption of home produced
goods, as well as three labour market shocks: a shock to the bargaining power
of workers, a shock to the job destruction rate and a shock to vacancy post-
ing costs. We follow CKL in including also these labour market shocks and
assess their relative importance for fluctuations in central macroeconomic vari-
ables. CKL find that while other labour market shocks have some influence on
the fluctuation of labour market variables, the most important labour market
shock in this respect is the shock to the bargaining power of workers which
also importantly seems to affect the behaviour of output and inflation over the
business cycle.

The bargaining power shock accounts for any exogenous variations that
affect the wage bargaining process over and above those captured by the model.

Likewise, as we abstract from endogenous job separations in our model
framework, a shock to the separation rate is added to account for variations
in the separation margin. Whether the flow of workers into unemployment
follows a cyclical pattern is a central question in the search and matching
literature. According to one view unemployment fluctuations are mostly driven
by changes in the outflow of workers from unemployment, i.e. the hiring - or
job creation - margin. As a consequence, it is a common practice to assume an
exogenous job destruction rate in matching models. More recently, however,
several authors have pointed out to evidence showing that also job separations
are cyclical (see e.g. Pissarides, 2009). There is also evidence from Finnish job
and worker flow data that the job separation rate has tended to be higher in
bad times, indicating a possible countercyclical pattern (see Ilmakunnas and
Maliranta, 2008).

The vacancy posting cost shock, in turn, captures sources of variation in
hiring incentives other than wage changes

The most important difference from both GST and CKL is that we operate
with an open-economy model displaying the economic mechanisms of a small
monetary union member state. The open-economy set up is, however, quite
simplified and abstracts from exchange rate and monetary policy considera-
tions. Therefore, we add two open-economy shocks to account for possibly
important exogenous variation in the international economy that our model is
not able to fully characterize.

3.1 Calibrated parameters

A number of parameters are kept fixed throughout the estimation procedure.
This applies primarily to steady state related parameters which are taken from
the calibrated version of the model used in Obstbaum (2011). The fixed pa-
rameters are, accordingly, 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
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fixed using standard ranges of parameter values in the business cycle and labour
market matching literature. Capital-related parameters are new to the esti-
mated version of the model, and the choice of their values is explained below.
All fixed parameter values are summarized in Table 1.

Table 1. Fixed parameter values

Parameter Value Explanation

Preferences

16} 992 Time-discount factor

10} 10 Labour supply (Frish) elasticity of 0.1

0 1.5 Risk aversion

o 0.6 External habit persistence

labour market

« 0.66 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 ¥ = 1
Capital

Ok 0.025  Capital depreciation rate

un 2.4 Capital adjustment cost elasticity

Wholesale sector

£ 6 Elasticity of substitution, markup 20 percent

Final goods sector

w 6 Trade price elasticity

The quarterly discount factor is S = 0.992 which corresponds to an annual
interest rate of 3,3%. The labour supply, or Frish elasticity (é), is set to 0.1.
This is in the lower range of values implied by most microeconomic studies,
which estimate this elasticity to be between 0 and 0.5. The risk aversion and
habit persistence parameters are standard values in the literature, and used in
a similar model by e.g. Christoffel, Kuester and Linzert (2009).

The quarterly separation rate is calibrated at p = 0.06, corresponding to
the average Finnish separation rate in 1994-2010. The elasticities of labour and
capital in production are set to a = 0.67 and 1 — o = 0.33 respectively. The
unemployment benefit parameter is calibrated at b = 0.4, and generates a net
replacement rate of 66 percent, defined as the ratio of unemployment benefits
to average net (after-tax) income from work ﬁ The OECD’s "Benefits
and Wages 2007" publication suggests an average net replacement rate over
60 months of unemployment of 70 percent for Finland, averaging over four
different family types. The replacement rate of 66 percent corresponds to a
relative value of non-work to work activities of 73 percent. This latter value is
known to be a key determinant of labour market volatility in matching models
of the business cycle!'. The parameters of the aggregate matching function
and the bargaining power of workers are all set to 0.6 reflecting the review of
most plausible values by Petrongolo and Pissarides (2001).

1Tn Obstbaum (2011) we show in detail how this value is calibrated and what its signif-
icance for the steady state properties and dynamics of the model is.
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The sensitivity of the capital utilization rate with respect to changes in the
rental rate 7, is initially fixed at 0.43 and the capital adjustment cost elasticity
1, at 2.4. These are their estimated values fromn Gertler, Sala and Trigari
(2008) but we also attempt to estimate them in the current model framework
using different data. The same applies for open-economy parameters. We
initially fix the share of imported intermediate goods in the production of final
goods at 0.25 and trade price elasticity to 6 but we also attempt to estimate
them. The results are reported below.

The steady state values of key model variables implied by the current para-
meterization 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 normal-
ized to one, so that GDP components can be interpreted directly as percent
shares of GDP. Government spending includes both government consumption
and government investment and investment refers to private investment which
has accounted on average for 17 percent of GDP in Finland. The share of
private consumption in the model, 0.57, is slightly higher than the sample
mean. This is because in the model a symmetric open economy steady state is
assumed where consumption levels are initially the same at home and abroad,
and both the trade balance and net foreign asset holdings are zero. In reality,
Finland experienced a prolonged period of positive net trade over the whole
sample period until very recent years.

Table 2. Steady state ratios

Variable Value Description

Y 1 Output

C 0.57  Private consumption

1 0.17  Private investment

G 0.25  Government spending

RV 0.01  Total vacancy costs

U 0.1 Unemployment rate

n 0.9 Employment

qu 0.6 Probability of finding a job
qf 0.7 Probability of finding a worker
b/(wh(1 —7)) 0.65 Net replacement rate

nwh 0.5 Wage bill

¢ 0.11  Consumption tax

T 0.15  labour tax rate on employee

S 0.12  Employers’ social security contribution
TR )48 0.09  Lump-sum transfers

The labour force is normalised to one, and the steady state unemployment
level is 10 percent, corresponding to the average Finnish unemployment rate
in 1994-2010.

The steady state tax rates for labour and consumption are computed as
ten year historical averages of corresponding tax rates in Finland times the
model-implied tax base for each tax category. Accordingly, labour taxes for
the employee and the employer respectively amount to 30 percent and 25
percent times the wage bill and the consumption tax rate corresponds to an
average of 19 percent times the size of private consumption.
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3.2 Prior distributions of the estimated parameters

We estimate all in all 22 parameters of which 16 are the autoregressive coeffi-
cients of the shock processes and the standard deviations of shocks.

Like Adolfson et al. (2008), we use the beta distribution for all parame-
ters bounded between 0 and 1, i.e. the nominal rigidity parameters, wage
indexation and the persistence parameters of the shock processes.

In choosing prior values, we emphasize values fixed in the calibration pro-
cedure of Obstbaum (2011) and, when there is no specific indication on values
pertaining to the Finnish data, we use standard ranges of parameter values in
the literature. All prior distributions are collected in Table 3.

The prior mean of the wage rigidity parameter is set at 0.75 because, on the
one hand, a value of 0.6 was found in the moment comparison analysis done
with the calibrated version of the model (see Obstbaum, 2011) to generate
fluctuations in labour market and other variables that most closely matched
the Finnish time series data. On the other hand, the Confederation of Finnish
Industries calculates an average frequency of wage adjustments of slightly more
than one year based on wage contracts negotiated by their member companies.
The prior for wage indexation is set at 0.5 because we do not have strong prior
beliefs on either high or low degree of indexation. As with other estimated
parameters, we also assign sufficient prior uncertainty to allow the data to
have a nontrivial influence on parameter estimates.

The prior mean for price rigidity is set at 0.5 following Vilmunen and
Laakkonen’s (2004) estimates from Finnish micro-level CPI data, meaning that
prices are believed to be changed once in two quarters. These prior values for
the nominal rigidities are somewhat smaller than those most often used in
similar estimated business cycle models but they are firmly based on micro-
level or other evidence from Finnish data. We will discuss the significance of
changing these prior values for our results in the section on nominal rigidities.

For all the shock processes’ autoregressive parameters, the prior mean of
the chosen beta distribution is set at the same value of 0.75 reflecting our
lack of knowledge on the individual persistence pattern of each shock. The
value of 0.75, in turn, is based on previous experience from the literature that
the shock processes tend to show some persistence. These rather informative
priors for the autoregressive parameters are standard in the literature. As
to the prior means of the shocks’ standard deviation parameters, an inverse
gamma distribution is assumed with a prior mean of 0.01 for the technology
shock, the government spending shock and the risk premium shock, and a prior
mean of 0.05 for all the other shock innovations.

The final three parameters we estimate are the sensitivity of the capital
utilization rate with respect to changes in the rental rate of capital, the import
content of final goods production and the debt-elasticity of interest rates.

3.3 Posterior distributions of parameters and model fit

Table 3 reports the prior and posterior distributions for each parameter which
are also plotted in Figure 2 as well as 90% confidence intervals. For almost all
parameters, data is reasonably informative about the parameter as reflected
in prior and posterior densities that sufficiently differ from each other and in
variances of posterior distributions that are lower than those of their priors.
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Table 3. Prior and Posterior distribution of estimated parameters

Parameter Prior Posterior distribution
Distribution Mean 5%  95%
Calvo wage parameter Y Beta (0.75, 0.1) 0.83 0.68 0.95
Calvo price parameter 5 Beta (0.5, 0.2) 0.45 0.42 0.49
Wage indexing parameter Ew Beta (0.5,0.2) 0.72 0.59 0.84
Sensitivity of capital utilization rate 7, Beta (0.5,0.1) 0.67 0.55 0.79
Import content of final goods production w Beta (0.25,0.2) 0.41 0.33 0.49
Debt-elasticity of interest rates Vp* IGamma (0.05,inf) 0.018 0.011  0.024
AR coefficients of shocks
Technology P,  Beta (0.75, 0.1) 0.66 0.48  0.82
Investment Pr Beta (0.75, 0.1) 0.41 0.27 0.55
Bargaining power p"7 Beta (0.75, 0.1) 0.23 0.13 0.32
Job destruction Py Beta (0.75, 0.1) 0.72 0.60 0.82
Government spending Pa Beta (0.75, 0.1) 0.70 0.59 0.82
Foreign export demand Pc+  Beta (0.75,0.1) 0.65 0.60 0.70
Risk premium PR Beta (0.75, 0.1) 0.82 0.75 0.90
Vacancy costs Pk Beta (0.75, 0.1) 0.77 0.67 0.86
Std. deviations of shocks
Technology €, IGamma (0.015,0.2)  0.013 0.011  0.015
Investment €r IGamma (0.05,0.2) 0.084 0.069  0.097
Bargaining power €n IGamma (0.05,0.2) 0.414 0.351  0.485
Job destruction €p IGamma (0.05,0.2) 0.031 0.027  0.035
Government spending €G IGamma (0.01,0.2) 0.009 0.008  0.010
Foreign export demand €c+  IGamma (0.05,0.2) 0.138 0.114  0.163
Risk premium €ER IGamma (0.01,0.2) 0.002 0.001  0.002
Vacancy costs €k IGamma (0.05,0.2) 0.096 0.077  0.114

The estimate for the wage rigidity parameter is 0.83 corresponding to an
average frequency of wage adjustment of 6 quarters, i.e. higher than our prior.
In both Gertler, Sala and Trigari (2008) and Christoffel, Kuester and Linzert
(2009) the estimate for wage rigidity is updated downwards by the data using
the same prior than we do. The high wage rigidity implied by our model
is indeed slightly surprising taking into account that the wage data we use
includes, in addition to contract wages, also more flexible wage elements such as
performance pay. The wage rigidity parameter seems to be fairly well identified
but we will perform some sensitivity analysis with respect to different priors
for this key parameter in the next section.

The estimate for price rigidity, in turn, is 0.45. This implies a lower degree
of price rigidity than in many other estimated New Keynesian DSGE models
and is very close to our prior. The latter feature could be a sign of the results
being mostly led by the prior and only marginally by the data, but this does
not seem to be the case here, since estimated price rigidity is still 0.46 when
we change the prior to the more conventional 0.75. Also another recent study
based on Finnish data by Freystétter (2010) estimates a value of 0.48 for the
sticky price parameter in a similar DSGE model with financial frictions instead
of labour market frictions.

Our fairly uninformative prior of 0.5 for the wage indexing parameter is
updated upwards by the data to 0.72 implying a high degree of indexing of
wages to past inflation. As Gertler, Sala and Trigari (2008) note, this suggests
a high degree of effective real wage rigidity, well in line with the empirical
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results of Bockerman, Laaksonen and Vainioméki (2006) from Finnish micro-
level data, and international comparisons of wage rigidities (see Dickens et al.,
2007).

As to the shock processes, starting with the same prior for all shocks’
autoregressive coefficients gives us significantly different posterior values across
different shocks. The most persistent shocks appear to be the ones to vacancy
posting costs, to the risk premium and to job destruction. On the other hand,
the shock to the bargaining power of workers is much less persistent than
our prior, the posterior mean for the AR~coefficient is just 0.23. The largest
shocks, in turn, seem to be the bargaining power shock, followed by the shock
to export demand, vacancy costs and investment. The result that bargaining
power shocks are large but not persistent is consistent with the findings of both
GST and CKL. We will explore the significance of this result for the nominal
rigidities in the next section.

Figure 3. shows the time series of the estimated shock processes. They
show, for example, that the international financial crisis shows up in the
Finnish economy as a huge negative shock to export demand, combined with
a smaller negative technology shock, and accompanied by an additional nega-
tive shock in the form of an increased job separation rate. This picture seems
to square well with the fact that the recent recession in Finland was clearly
export-led. The increased job separation rate also fits to available evidence
from Finland by Ilmakunnas and Maliranta (2008) that separations tend to
increase in bad times.

One problem of contemporary macroeconomic models that has been pointed
out in recent years is that they cannot explain the observed smooth behaviour
of wages over time together with the volatile behaviour of employment, the
so-called unemployment volatility puzzle. However, Shimer (2010) argues that
labour market frictions together with wage rigidity solve the puzzle. Gertler
and Trigari (2009) show that this is the case with moment comparisons in a
model with staggered wage bargaining. Table 4 shows the standard deviations
implied by the model along with the sample standard deviations based on the
observed data over the estimation period.

Table 4. Relative standard deviations of selected variables

Variable Estimated model Data

Unemployment 4.944 4.067
Vacancies 10.944 7.000
Tightness 13.944 10.200
Wage 1.055 0.867
Consumption 0.778 0.733
Investment 5.689 3.467
Productivity 1.000 1.000

The relative standard deviations implied by the model are very close to
those found in the data, reflecting the fact that our model specification with
labour market frictions and wage rigidity is able to solve the unemployment
volatility puzzle fairly well. The model even slightly overpredicts the volatility
of labour market variables and also that of investment.
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3.4 The assessment of nominal rigidities

Canova and Sala (2009) argue that to address identification issues in the
Bayesian estimation of DSGE models every model should at least be tested
for the sensitivity with respect to different priors. Del Negro and Schorfheide
(2008) have specifically pointed out the significance of the choice of priors for
assessing nominal rigidities. In the Bayesian framework, the question whether
a flexible or sticky price or wage model fits to the data, can be evaluated
by comparing posterior odds associated with different priors on the rigidities.
The problem that Del Negro and Schorfheide observe is that priors for the
other parameters, especially those describing exogenous processes, affect this
comparison.

For the shock processes that can be observed, one could measure their
persistence and standard deviation but very often shock processes are latent
making the choice of priors for exogenous processes’ parameters more difficult.
In our model this is the case with labour market shocks. Starting with the same
priors, the posterior distributions point to large but not persistent bargaining
power shocks and to persistent but smaller vacancy cost and job destruction
shocks.

To see what the interaction between the shock processes and nominal rigid-
ity in this model is, we re-estimate the model with different priors for wage
rigidity and for the bargaining power shock’s parameters. In each panel of
Table 5, we consider a high and a low prior for wage rigidity and assess the
respective models’ relative fit to the data by comparing their marginal likeli-
hoods. We report the posterior means and confidence intervals of the nominal
rigidity parameters and wage indexation which are key parameters of the cur-
rent model, as well as the parameters of the bargaining power shock. We also
assess the sensitivity of results to changes in the other labour market shocks’
priors.

The estimation of the baseline model with different priors for wage rigid-
ity shows, in line with Del Negro and Schorfheide’s (2008) results, that the
posterior estimate of the Calvo wage parameter is significantly driven by its
prior. Depending on the prior, the posterior estimate of wage rigidity ranges
from 0.46 to 0.8, and the marginal likelihoods of the different specifications are
close to each other. As we reported in the section on posterior distributions,
the estimate of price rigidity is not similarly sensitive to changing its prior.

Rabanal and Rubio-Ramirez (2003) compared New Keynesian models of
the Euro area which comprised of different combinations of nominal rigidi-
ties and indexation. They found problems in simultaneously identifying the
Calvo price parameter and the mean of the price markup, as well as the Calvo
wage parameter and the elasticity of substitution between different types of
labour in their monopolistic labour market specification. Similarly, Gertler,
Sala and Trigari (2008) point to the possibility that, in the labour market
matching model with staggered wage bargaining, it might be difficult to sep-
arately identify the bargaining power parameter and the flow value of unem-
ployment which are known to be key determinants of effective wage rigidity in
this kind of models (see Hagedorn and Manovski, 2008). Moreover, Rabanal
and Rubio-Ramirez find that estimated price rigidity is the lower the lower is
the estimated standard deviation of the price markup shock.
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The above considerations suggest that the assessment of nominal rigidities
may importantly depend on other parameters. More specifically, in the current
model, there might be interaction between wage rigidity and the bargaining
power shock that could also lead to identification issues. To investigate this
issue, we change the prior for the bargaining power shock’s autoregressive
parameter to 0.2 reflecting the estimation results of Gertler, Sala and Trigari
(2008) and of Christoffel, Kuester and Linzert (2009) that the shock in question
is almost white noise.

The second panel of Table 5 shows that in both the high and low rigidity
specifications the posterior estimate of wage rigidity is significantly updated
downwards when the bargaining power shock is not assumed to be as persistent
as before. This indeed indicates that in previous specifications, including our
baseline model, part of the estimated wage rigidity inherits the properties
of the bargaining power shock. Rabanal and Rubio-Ramirez (2008) make the
same point concerning price rigidity and price markup shocks. They argue that
markup shocks should be modelled as iid shocks instead of AR(1) processes for
inflation persistence to be explained endogenously by the model. The marginal
likelihoods of the low rigidity and high rigidity specifications are again close
to each other.

Table 5. Sensitivity of rigidity estimates w.r.t to different priors

high rigidity 7 = 0.8  low rigidity v = 0.5

Baseline mean 5%  95% mean 5%  95%
tho_eta, beta (0.75,0.1) 038 028 049 028 021 037
epsilon_eta, inv.gamma (0.05,inf.) 018 015 021 019  0.16 0.22
wage rigidity 0.8 0.63 0.96 046  0.28 0.64
price rigidity, beta (0.5,0.1) 0.38 034 041 037 034 0.39
wage indexation, beta (0.5, 0.2) 045 031 060 038 026 0.50
log marginal density 1512.00 1512.84

less shock persistence

rho_eta, beta (0.2,0.1) 030 018 043 027 017 0.36
epsilon_eta, inv.gamma (0.05,inf.) 020 0.5 025 018  0.14 0.21
wage rigidity 071 048 093 036 020 0.55
price rigidity, beta (0.5,0.1) 035 030 041 033 028 0.38
wage indexation, beta (0.5, 0.2) 0.49 0.26 0.74 0.34 0.11 0.54
log marginal density 1499.27 1501.86
higher shock variance

tho_eta, beta (0.75,0.1) 024 012 032 042 032 050
epsilon_ eta, inv.gamma (0.2, 0.2) 0.60 052 0.68 0.15 0.12 0.18
wage rigidity 090 085 098 045 028 0.62
price rigidity, beta (0.5,0.1) 048 045 051 031 027 0.33
wage indexation, beta (0.5, 0.2) 0.79  0.68 0.90 027 013 0.42
log marginal density 1510.24 1499.27
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Next, we assess the role of the prior on shock variance for estimated rigidi-
ties. We choose a higher and tighter prior for the standard deviation of the
bargaining power shock, again leaning on GST and CKL estimation results,
with different data though, that bargaining power shocks are large. In the
high rigidity specification, the posterior of the bargaining power shock is up-
dated upwards implying huge exogenous disturbances to the wage negotiation
process, and the wage rigidity and indexation parameters get very high poste-
rior mean values. In the low rigidity specification, in turn, the posterior means
of key parameters are not significantly different from previous results.

In addition, we test the baseline model with a wage rigidity prior of 0.75
under a scenario where we keep the high prior for the standard deviation of the
bargaining power shock but shut off the persistence of that shock as Rabanal
and Rubio-Ramirez (2008) suggest should be done with markup shocks. This
turns out to be our most successful model on the basis of marginal likelihoods,
in the model comparison exercise. All the parameter estimates, including
price rigidity and wage indexation, are similar to the baseline model except
for wage rigidity which is now only 0.4. The estimated standard deviation of
the bargaining power shock is now smaller than in the previous alternatives
where the shock was allowed to have persistence. These results imply that
although nominal wage rigidity might not be that important, wages are in
practise rather tightly indexed to past inflation, a feature that translates into
a relatively high effective real wage rigidity. This is what Bockerman et al.
(2006) suggest was the case in Finland at least in the latter part of the 1990’s.

Finally, we consider for the baseline model how similar changes to other
labour market shocks’ parameters affects the assessment of nominal rigidities.
We find that changes in neither the vacancy cost shock’s or the job destruction
rate shock’s persistence parameters or standard deviation parameters signif-
icantly affect estimated wage rigidity. For all the alternatives we test, the
posterior mean of the Calvo wage parameter stays between 0.81 and 0.83.

To sum up, this sensitivity analysis with respect to different priors shows
that estimated wage rigidity importantly depends on its own prior but also
on the bargaining power shock process’ priors. On one hand, it would seem
important to include bargaining power shocks in the model to account for
exogenous variations present in the negotiation process, but on the other hand,
these variations are extremely hard to quantify and our prior beliefs on them
heavily influences our estimation results on wage rigidity. Marginal likelihood
comparisons between the low rigidity and high rigidity specification cannot
unambiguously tell which specification is preferred by the data. However, as
we estimate the model with both wage rigidity and wage indexation shut off,
the posterior odds comparison clearly favours the specifications where they are
included. The most successful model is the one where the bargaining power
shock is modelled with no persistence.

In addition to the sensitivity of our results with respect to different priors,
we have also tried different combinations of data series and shock processes but
concluded that the present one still gave the most reliable estimation results.
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3.5 The importance of labour market shocks

Next, we assess the relative importance of shocks originating from the labour
market in driving Finnish business cycles. If these shocks turn out to be im-
portant determinants of output fluctuations, this would give policy makers
valuable information on which features of the labour market should be moni-
tored more closely.

Table 6 shows the contribution of all the shocks included in our estimated
model to the forecast error variance of selected variables for two different hori-
zons. Output fluctuations are mainly driven by technology shocks and shocks
to foreign export demand but the effect of labour market shocks is also non-
trivial. The bargaining power shock and the vacancy posting cost shock both
account for approximately five percent of output fluctuations. Taken together,
almost twelve percent of output fluctuations are caused by shocks originating
from the labour market. This is a considerable amount and suggests that also
policies targeted to the labour market may have significant effects on output
fluctuations.

While investment specific shocks are the most important driving force of
consumption fluctuations'?, and technology and foreign demand shocks also
play a major role, labour market shocks do have an effect on consumption
fluctuations as well, although to a lesser extent than on output fluctuations.

Unemployment and vacancy fluctuations seem to be, in turn, mostly driven
by labour market shocks. The bargaining power shock is the most important
of these shocks while the contribution of the job destruction rate shock is not
very significant on other variables than unemployment. Compared to Christof-
fel, Kuester and Linzert’s (2009) results, the bargaining power shock is much
more important for unemployment fluctuations in the current framework which
is probably due to our assumption of efficient, as opposed to right-to-manage,
bargaining. This would imply in practice that the labour market organizations
that negotiate the wage contracts are also importantly responsible for labour
market outcomes. This responsibility is further emphasized in an environment
with no possibility to conduct independent monetary policy. Another differ-
ence to CKL is that vacancy posting cost shocks play a more important role
in our model. This is understandable, since they are estimated to be one of
the largest and most persistent shocks in the current framework.

Wage fluctuations are also importantly determined by disturbances in the
wage negotiation process but the contribution of bargaining power shocks is
less important than in CKL’s model for the Euro area. The importance of bar-
gaining power shocks to the forecast error variance of wages is comparable to
the importance of wage markup shocks for wage fluctuations in more conven-
tional New Keynesian DSGE models featuring monopolistic labour suppliers
(see e.g. Smets and Wouters, 2003). In our small monetary union member state
framework, however, shocks to foreign export demand determine as much as
half of the wage fluctuations. This is because, in our estimated model, a shock

2Due to the assumption of consumers owning the capital stock, investment-specific
shocks directly affect the consumption-investment trade-off of the representative agent.
Hornstein, Krusell and Violante (HKV, 2007) argue that when capital is introduced into
the matching model in the standard way as in this paper, the assumption that the capital
stock in matched firm-worker pair is continuously adjustable limits the impact of investment-
specific technical change. Accordingly, in the standard model, changes in the price of capital
affect labour-market outcomes only through their impact on net labour productivity whereas
in HKV’s vintage model, capital price changes also represent shocks to vacancy posting costs.
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to foreign export demand directly feeds through to the demand of domestic in-
termediate firms which also conduct the wage negotiations with workers. The
importance of foreign export demand shocks has also been reported in e.g.
Almeida (2009).

Table 6. Variance decomposition of estimated model
Labour mkt shocks
z I G C* R n p K

On impact

Y 479 103 0.2 30.0 0.1 52 1.7 4.6
C 2056 369 13 289 6.7 1.7 12 29
u 56 1.2 01 97 02 363 139 33.1
v 6.7 09 0.1 141 03 372 38 36.8
w 46 27 02 516 02 402 03 0.2
At 5 years

Y 48.8 9.0 0.2 303 0.1 52 1.7 4.6
C 28.0 183 1.7 342 11.0 19 15 34
U 56 1.0 01 97 02 364 139 33.1
v 6.7 09 0.1 141 03 373 38 36.8
w 44 0.8 0.2 525 02 416 03 0.2

4 Concluding remarks

This paper is a first attempt to estimate a DSGE model for the Finnish econ-
omy that incorporates labour market frictions and wage rigidity. We slighty
modify the staggered wage bargaining framework of Gertler and Trigari (2009)
to describe the rigidity in wage determination.

Our contribution is twofold. First, we obtain estimates of nominal rigidities
and wage indexation that are in line with the existing literature and give an
economically plausible picture of the Finnish economy. We establish that wage
rigidity is empirically relevant for the Finnish business cycle, and provide a
detailed assessment of the significance of prior beliefs on the degree of wage
rigidity. We find that the data seems to support a relatively wide range of
different degrees of wage rigidity conditional on the assumption of exogenous
disturbances to wage negotiations. In particular, it appears that the nature of
shocks to the bargaining power of workers, similarly to wage markup shocks
in the conventional New Keynesian model with monopolistic labour suppliers,
importantly affect the conclusions that can be made on wage rigidity.

While the exact degree of rigidity of nominal wages is left unclear, the
indexation of wages to past inflation seems to be an important feature of the
Finnish economy. As this can be translated into relatively high effective real
wage rigidity, it corresponds well to previous evidence on the high degree of
real wage rigidity in Finland. Price rigidity is estimated to be lower than in
many other similar models but is again well in line with Finnish evidence.

Second, our estimation approach sheds more light on the magnitude and
effects of different shocks in the Finnish economy. Of the conventional shocks,
that to export demand is especially important as expected for a small open
economy. We also add labour market shocks to account for exogenous distur-
bances originating in the labour market that our model is not able to fully
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capture although the labour market extension we apply is much more detailed
than that of the standard New Keynesian model. We find that labour market
shocks importantly drive fluctuations of labour market variables (unemploy-
ment and vacancies) but they also account for a non-trivial share of output
fluctuations.
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A Appendix

A.1 Steady state of the model economy

Euler equation

1

=%

Marginal utility of consumption
A= (C—xC)"°
Marginal utilility of wealth
Ao A
T+

Interest rate on foreign bonds

R*=R

Capital rental rate

r* = empk = (R — 1) + 6*

where
— (e y
mpk = (1 — )k~ (zh)" = (l—a)%
Tobin’s Q
Q=1
FOC of retail firm
1 -1
TrT=— =
1 €
Matches
m = omu’v'
Employment
pm=m
Unemployment
u=1—n
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Probability of finding a worker

¢ ="
v
Probability of finding a job
="
u
Labour market tightness
g="
u

FOC for hours

(1 —7)2mpl = (1 4 s) mrs(1 + 7°)

where

o1 Sh? "
mpl = azh and mrs = Y and 7 ==

Economy-wide resource constraint

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

Government budget constraint

TR =nwh(r+s)+7C -G —bu

Market clearing / aggregate output

Y = K" (nzh)®
Wage

w =

n [atmpl B ’I“kk‘:| N (1—mn) [mrs(l +7¢ b q*

sl e wlta-n| a+e TatPwH

Job creation condition

k=q'BJ

where the firm surplus

J [k (zh)* — wh (1 + s) — r*k]

B 1
- 1-5(1-p)

Worker surplus

1 _ mrsh(1+7°)

a7
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Worker discount factor

Firm discount factor
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A.2 Model dynamics

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

Euler equation
A =E, (At+1 + Ry — 7/1:t+1>

Shadow value of wealth

C

-~ ~ T
AN=N— ——T
AT e
Marginal utility of consumption
~ Q ~ ~
- ()

Interest rates

Capital utilization

Dt:nu?f
Investment
T 1 - 1/ny
I, = L4 +
)T (1+B)

Capital accumulation

(@t +/€\tj) + @Etﬁ+1

~ ~ T /~
Effective capital

[?t == /V\t + }?tpfl
Tobin’s Q

@t =p (1 - 5k) Et@t+1 + [1 -8 (1 - 5k)] Ey (?erl + Dt+1) - (ﬁit - Eﬂ?tﬂ)

Matching function

my = oty + (1 — o)t

Employment dynamics

. A m .
ny = (1 —p)ig1+ 7 -1 = PPy
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Unemployment

Transition probabilities

Labour market tightness

FOC for hours worked

- 3 -=C

S T
B = mits, — mpl 7 7
Ty = MTS; mpﬁ—(1_F)Tt+(1+§)st+(1+?)7t
where
.f'f:ft‘i‘ﬁ]{’t—ﬁt
mﬁlt:,ét—(l—(l)ilt
and

met = (bilt - Xt
Capital rental rate
7 = &{" +mph,

New Keynesian Phillips Curve

Tt = VTt + BET 1

where Tp = Py — Pry—1 is domestic inflation

First order condition for wage setting
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Firm surplus

~ mplh wh(1+3) /., ~ ~

Jt(w:) = l‘?’;li (.’I/'t + mpl + ht) — v (7 S) ( T f)t + ht) — —S¢
,kk B N B R . R

5 (Tt + kt) — BpEipr1 + B (1 —p) Ey (Jt+1 (wt+1) —+ ﬁt,t-s—l)

__BO-p)y wh(1+5)
1—B(-py 7T

Worker discount factor

E, (wt + Tt — th — 7rt+1)

A= (1= i)h - )?

(37} + LB, <5z,t+1 +ewT — T + At+1> - BﬁW’E{P\Hl

Worker surplus

= . wh(1-7) o whr_. mrsh(1+7)[__ -~
Ht(wt) = T( Pt+ht) - H Tt — (]_+d))ﬁ |:m7"5t+hti|
MTShTe
I e G (4 P+ B
(1+¢)H ﬁq t\ 4t A+ 5zt+1

+8(1—p) E, (Ht+1 (w:+1) + 5t,t+1) - BﬁEt/p\t-&-l

B(l-p)y wh(l-7)
1-3(1-p)y H

~k ~ ~k ~
Et (wt + EuT — wt+1 - 7Tt+1)

Firm discount factor

S —(1—0h (1-0)s
=0 )ht+7(1+§)

Optimal contract wage

S5+ (5t,t+1 + €T — W1 + Zt+1> — BPVEDy1

Wy = [1— @} (r) + By (R — €wlte) + LB,

Target wage
Wp(r) = @ + T By [W41 — Wy 4]
Spillover-free target wage
0= g, (35? + mplt) = @u(TF + k) + oS, — gyl
+eorEy (@W + Hi (w:+1) + 5t,t+1) — P58t + 0Tt + Ty

+opEi [Etﬂ - At+1:| + i + By
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Average wage
= (1= y) Wf + vy (We—1 — T + €uTr—1)

or
~ ~ ~0 ~
Wy = )\bwt_l + )\Owt -+ )\fEt’LUt+1

Vacancy posting condition

Re—aq = E (Jt+1( )+5tt+1)
v wh(1+73)

+ E (W) + Ty — Wy — €T
11—, J t( t+1 t+1 t w t)

Trade balance

TB, =Y, - CC, — TI, - GG, — 7Ky — 70 Ry +5,) + (C + 1) (ﬁH,t—ﬁt)

Economy-wide resource constraint

Vi = (1= W) CCAWT C;+ GGt (R + B)—[(2 — W) CaoW] (ﬁH,t - E)
Consumer price index
ﬁt: (l_W)ﬁH,t+Wﬁ,f*
Government budget constraint
TR(TR,— P,) = nwh (7 +3) (M + @ — D, + hy) + nwh77,
+Awhss, + 7C (?f + @) — bu,
*m(ﬁt—l +/l;t—1 -7 —G (ﬁHt - 13t + @t)
Market clearing / aggregate output

22(1—04)[%—&—05(@—1—23—&-?%)

40



A.3 Period-by-period Nash bargaining

In the standard MP model, it is assumed that total match surplus, S; =
(Wi = Uy) + (Jy — Vi), 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.

max(H,)"(J;)"

w,h

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

The worker surplus gets the following form.

wy h
Hy=W,-U = ?tht (1—7)— gg\ 2 —b+ BB (1 — Pry1 q;/v) Hip
t t

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

w*
Jy = f (ke he) — Ftht (14 s1) — ik + EiBi 441 (1 - Pt+1) i1
'

The first-order condition for wage-setting is

8Ht aJt
7t = (1—=p) =2
ant Ji ( n) Py

n(l—=7)Jdy = (1—n)(1+s)H,

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 equa-
tion that includes only contemporaneous variables by substituting the value
equations into the Nash FOC, and making use of the expressions for the pro-
duction and utility functions.

SR
Pt (1+St) 07 hft
(1—n) [mrs;(L+75) b ¢V
— 4+ ——F H
TR B R P P

n 1 (1 —7¢1) 1
—F 1-— -
+ht B ( Pt+1) Ji1 {(1 + 8¢) (T=7) (14 s441)

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

n Ay (wi) = (1 —n,) X Hy (wy)

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

OH,; (w;)

At = Pi aw
t

OHy 41 (wy [ (=
= h(1l—7)+ EiBy 111 (1 - pt+1) VP l féUZt : .

= (L =70) + EiByyr (1= prga) Y75 (7177) ] i (1 = 7e41)
OHy o (wt [ﬁil (mimew) mpe (Wl_gw)]) )...

awt

o0 P o S“) B s
= Et25t,t+s§t,t+57s |:<fptll> (7‘(1 5“’) :| Pigs (1 — Tt+s)
s=0 o

+Et6t+1,t+2§t+1,t+27pt+2

= Ay =h(1=7) + Efyppr (1= pea) v [m57 (7 750) i A

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

p 9 (wr)

Xy =D ow, =hy (1 +5¢) + Etﬁt,t-s-l (1 - Pt+1) Y [wa (Wl_sw)] 7Tt_+112t+1

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
Jt(w:) + At = Ht(wf) + Et — ﬂnt

where the loglinear forms of the discount factors are
NI TR ¢
At = (1 L) ht

T - ~
[ i) T+ LB (ﬂt i1 FEWTL — Tyg1 + A1r+1) — BpVvEpi 1

~ (1—=u)3.

1439 St + LE} (5t,t+1 + €T — W1 + Zt+1> — BPVEpy 1
and the expressions for :];(w;‘) and qut(wf) can be found as follows
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A.4.1 Worker surplus

The worker surplus can be written as

N w; h
Ht(’u)t) = iht (1 — Tt) — g/(\ t) —+ b + thVEtﬂt¢+1Hz7t+1
t

+EiBy 144 (1 - Pt+1) Hyq(wfyy)
+7Etﬁt,t+1 (1 - /)t+1) [Ht+1 (w;‘ [wa (771_6w>]) - Ht+1(w:+1)]

In the last term, evaluate the expression
By [Hya(w [r5 (7'75)]) = Hea (wiyy)]

By [Hypr (wf [m7e (7'750)]) = Hia(wfy)]
wy [m (7] wiy

P P
FYEB i1 esaSeatire [Hevo(w] [miyy (m175) [age (175)]])]

_’YEtﬁt+1,t+2§t+1,t+2 [Ht+2(w:+1 [773-]1 (Fliaw)])]

ht+1 (1 - Tt+1)

= FE

When linearized, this expression gets the following form

E, [ﬁt+1(w;‘ (75w (7)) — ﬁt-ﬁ-l(w;—l)}

wh(l -7 N ~ ~
= MEt (@] + ewTr — W)y — Tega]

H
B0 =) E Bl [ty () e (m==0)]])]

—B(1=p)vE, [I/—-\[t-ﬁ-?(w;—l (751 (Wliaw)b}

Iterating forward this can be further simplified to yield

E; [ﬁt+1(w: (x5 (7)) — ﬁt-&—l(w;&-l)}
B 1 wh (1 —7)

= = — E, W] + e,y — Wy — 7
—F(1-7) i t[t wTt t+1 t+1]

With the help of the above expression, the loglinear formulation of the

worker surplus is found to be
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R h(l_7= -~ whT mrsh (1+7°) 1 ~
g, - wh(-7) (67 = it ) - 7, - T (1+7°) (s, + 7]
H H (1+¢)H
mrshTe —~ R 5 3
*mﬂ — 87"V E, (qzzv + Hyyq1 + ﬁt,t+1>

+B(1—7) E, (ﬁ[tﬂ (w:-s-l) + Bt,tJrl) - BﬁEt/P\tH

B(1—p wh(l -7 . A
(, ki (7 )Et(wt+€w7rt—wt+1—7rt+1)

1-p(1-p)y H

A.4.2 Firm surplus

The firm surplus can be written as

w*

Jo(wy) = xf(h) — ﬁht (1+s) —riky + EiBi 141 (1 - Pt+1) i (wiyy)

+'YEtﬁt,t+1 (1 - pt+1) [Jt-&-l(w: [ﬂfw (7"17%)]) - Jt+1(w:+1)}

In the last term, evaluate the expression
By [Jia (wy [r5 (w720)]) = T (wiy)]

By [Jipa(wy [m5 (7' 77)]) = Jipa(wiyy)]

w; [me ()] wiy
P Pr

FYE By i1 4425141642 [Jea(wy [m5yy (7' 750) wge (7'752)])]

—YEiBy1 408ttt [Jera (Wi [m5y (777)])]

= -k her (14 se41)

When linearized this expression gets the following form

E, |::,\t+1(w: 75 (7' 7)]) — jt+1(w:+1)}
7 1 S A~ ~ A _
= _Mﬂ [ + Ty — Wy g — Ter1)

J
B (L =) 1B [Talw; [niy (x75) miv (150)])]

B =VE: [eralwi [xi5: ()]

Iterating forward this can be further simplified to yield

E, [jtﬂ(w;‘ (75w (7)) — jt+1(w:+1)]
1 wh(1+3 N PN _
_ w (7+ 3) Et [U)z‘ + EwTt — w:+1 — ’/Tt+1]

1-B(1-py J
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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

~ Zmplh wh(143) /., = = wh3
Jt = az ( +mpl —O—ht)—#(wt—ﬂ—kht)—?st
Tk

= (?“t + kf) — BpEp 1+ B(1—p) E, (i&+1 (w:+1) + Bt,t+1)

B(1—p)y wh(1+73)
+1—5(1—*) 7

Et (wt+1 + 7Tt+1 — wt — Ewﬂ—t)

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)

- Vi 5 w,
+(1 i 5 {wh (1ﬁ— 7)  wh (1j+ s)] By (@ + eufu — Bty — Fura)
TR B U =) B [T (u) + Pur

_ R - " - 1
-B(1—7p)E; |:Jt+1 (Wi1) + Brips + Do — Sen + H}m}
+B0" By (@ + Hegir + Bua)

B { {wh(l - 7) N wh (1 —5—3)} _ Tmplh TS h(1 +TC)}E
H 7 o  1+¢ H '
[whs (].—L)S:| o |:th(1—07’:| 7,
J (1+73) )

H 1-7

< a 1 . [wh(1-7) wh(1+39)] 45
BNy — LB — —
FoLpApypy — Ly t+1+1_nnt+|: 7 + = ¥

wh(1-7) | wh(143) | _ wh(14+3) _

where : = 3 (1 — p) . Dividing by the term [ 5 7

f&};? , and using the steady state equations for A and ¥, and for the Nash

FOC allows us to rewrite the contract wage equation in the following simpler
form
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= W, + 1 Et (wt + ewT — ’lﬁ;+1 - %Hl)
= ¥y (‘rt + mplt) — Pk (Tt/ + k’t) + 0, TS
+ouEr (thW + Hopar + 3t,t+l) — ophe — 0,5

+, Tt + 0Ty + ppEy (At-&-l - it+1> + @0 + P,

— @)

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

__Tmply _ TRy _mrs(1—n) (1+7)
e T aw(1+s) T wh(l+s) T (l+ew-7)
_ (-nH . mmply s (1—n) (1+7°)
o wh(].—T)Bq %{1 aw(1+3) (1+¢)w(l—7) }
B ns (1—)J B (1—n)7T B (1—-0)H
7T (1+5){ +wh(1+s)]’ T [ w/(l—T):|7
_ mrs(l-n)7 _ =80 -p]nJ
R O T R (e
1-60-p|H
and ¢, 7h(1 -

The target wage w?(r) is of the same form than the period-by-period ne-
gotiated wage, adjusted for the new bargaining weights. The equation for the
contract wage can be further rewritten as

1 L
10 10 (=

= 0 = [1 = @) (r) + LBy (Fyy1 — €uTe) + LEF

wy = ) (r) +

Ey (T — ewmty) + —— By,

This is the optimal contract wage set at time ¢ by all matches that are
allowed to renegotiate 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 (con-
tract) wage versus the expected average market wage in the same way as above

wh (1 —7)

EiHy1(wis) = ExHpp (wiyy) + mEt (@H - @;1)
Denoting % = I' and substituting the above expression in the target

wage equation gives
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W) = o (3 +mpl,) = o (7 +Re) + o,
B (@ + A (wi) + By + TB [B1 — 7.,])

+90h/};t — Q8+ O T+ 0Ty +op |:§t+1 - 3t+1:| + @0 + b

<~ ’lj]\to(?") = ﬁ}\? + (PHFEt [@tJrl — ’&)\;»J

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 w? and the spillover effect

ol Ey [0 — W54].

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

Wp = [1— @00 (r) + 1By (Toy1 — €wmt) + LEywy 4

2) The average wage

Wy = (1 =)W + 7 (W1 — T + €0Ti—1)

3) The target wage

W) (r) = ) + eyl E; [@Hl - ﬂj\:—&-l]

First, insert the target wage in the contract wage equation

@: = [1 — L] ({1}? + SOH]-—‘Et I:ﬁ)t-'rl - @:+1:|) + LEt (%t-&-l — E’w/ﬂ:t) + LEt{U\;;_l

Then update the average wage equation by one period and take expecta-
tions

Etﬁ?tﬂ = (1 — ’)/) Etﬁ}::rl + v (ﬁ]\t — Eﬂ?prl + 5w%t)

_
(1-7)

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

< Et@:+1 = (Et@H»l -7 ('l/l}t — Et%t+l + E'w%t))
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w; = [1—d (@) 4+ oyl Eles1)
1 . . ~ ~
— [1 — L} <S0HF |:M (Eﬂl}prl — YWy + "YEt (7Tt+1 — €w7rt)):|)

+LEt (%t+1 — ew%t)

1 R =R R —~
+t {(1_7) (BEiWpy1 — yWy + Y By (Tyy1 — 5w7rt))}

e . ~ 1 .
W = (1—0) @)+ (1 —1) gl By — (1 — 1) @HFWEtth

+[1—4 @Hrﬁ (W = BT + €0Tr) + 0 (BT — €uTt)

L Ly

mEﬂﬁtH )] (W — By + €0Ty)

+

= 0 =(1-0)d)+
v g
(1 —=1)pyl -t
[ Ty 1)
“+ (Et/ﬂ:t-&-l - Ew/ﬂ\-t)
1 1
1- r—-@1- r Ew,

0= 0eal - 1= Dl 2 4o B

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

} (W; — By + e0y)

Wy = (I—7)(1—2) ﬂ’\? + (Cy — vy) (W — EyTiqq + €uTy)
+ (1 =) L (BT — €uTy)
+[(1 =)= C+ 1] BEyyyr + v (W1 — Ty + €0Te1)

L=y =@ = (1= (1= @ —7(¢ =) (Bftrr — e
+ (1 - 7) L (Et%t+1 - 5111%15)
+[(1 =) ¢ =+ o] ByiWrr +y (01 — Ty + €0Te-1)

Finally, after dividing by [1 — 7 (¢ — ¢)], the dynamic average wage equation
can be expressed as

~ ~ ~ ~ ~0 ~ ~ ~
= W = N (Wem1 — Ty + €uTi—1) + AWy + ApEy (W1 + Tyg1 — €wTe)

here = g JU €D N ) B dete 8
B T N T T | R T ()
. wh(l1—7
with (= (1—L)99HF,L=6(1—,0)%F=U(]1(_L)I?,
and gy w, as previously denoted.
wh (1 —7)
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Figures
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Figure 1. Filtered data series
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Figure 2. Priors and posteriors of estimated parameters
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Figure 3. Estimated shocks
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