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LABOR FORCE PARTICIPATION, WAGE RIGIDITIES, AND INFLATION
by Francesco Nucci’ and Marianna Riggi*

Abstract

The fall in US labor force participation during the Great Recession stands in sharp
contrast with its parallel increase in the euro area. In addition to structural forces, cyclical
factors are shown to account for this phenomenon, with the participation rate being
procyclical in the US from the inception of the crisis and countercyclical in the euro area.
We rationalize these diverging dynamics by using a general equilibrium business cycle
model, which nests the endogenous participation decisions into a search and matching
model. We show that the "added worker" effect might outweigh the "discouragement effect"
if real wage rigidities are allowed for and/or habit in consumer preferences is sufficiently
strong. We then draw the implications of variable labor force participation rates for inflation
and establish the following result: if endogenous movements in labor market participation
are envisaged, then the degree of real wage rigidities becomes almost irrelevant for price
dynamics. Indeed, during recessions, the upward pressures on inflation stemming from the
lack of a downward adjustment in real wages are offset by an opposite influence from the
additional looseness in the labor market, due to the higher participation rate associated with
wage rigidities.

JEL Classification: E31, E32, E24.
Keywords: labor force participation, real wage rigidities, habit, inflation, discouragement
effect, added worker effect.

Contents
L INEEOAUCTION. ...ttt ettt ettt et e st et e bt e ebeesateenbeeeae 5
2. Labor force participation in the US and the euro area...........ccccooeeveivieneiiieniinenieneeeeee, 7
2.1 Developments in labor market participation in the US ...........cccceooiiiiiiiiiiiiieieeeees 8
2.2 Developments in labor market participation in the euro area............cccceceevereeiennnene 10
3. The MO ...ttt ettt ettt eb e st eebeesaeeens 13
3.1 Labor market flOWS.......c.ooiiiiiiiiieieteeeee e 14
3.2 The household..........ooiiiii e 15
3.3 FITIMNIS 1ottt et ettt et sttt 17
R I 1o P PSPRRPPPRRN 19
3.5 Aggregate resource constraint and monetary policy ..........ccccevviievieniieniieniieenienens 19
3.6 CalIDTAtION ..ttt et ettt e b e st e st ens 20
4. The cyclical patterns of labor force participation ...........cccceeceeveerierienenienienece e 21
5. Labor force participation, wage rigidities and inflation ............cccceeevveeevieeecieencie e, 22
6. Concluding reMATKS.........coiiiiiiiiiiiiee ettt e e enbeens 25
RETRICTICES ...ttt ettt ettt be e st be e sateeeeas 27
TabIes and fIGUIES........ooiiieiieiie ettt ettt et e st e e b e e teeeabeesaaeenbeensaeenseas 31
Appendix: steady State TelatiONS .......ceeeeiviiriiiieiiiieeiiee et eee et e see e sae e e rae e et eeeraeeeseeeeens 40

" Sapienza, University of Rome.

* Bank of Italy, Directorate General for Economics, Statistics and Research.






1 Introduction!

The understanding of cyclical and structural developments in the labor market is a key
challenge for monetary policy both in the US, where maximum employment is a statutory
objective, and in the euro area, as labor market slack has implications for inflation (Draghi,
2014). Since the onset of the Great Recession, the disentanglement between cyclical and
structural forces underlying labor market dynamics has become even more complex as the
pattern of many variables has markedly changed relative to the postwar period (Farber,
2011).

In dealing with these issues at the Jackson Hole Symposium, Fed Chair Janet Yellen
(2014) has placed strong emphasis on the behavior of labor market participation. In the
US economy the labor force participation rate has fallen by about three percentage points
in the wake of the Great Recession and a relevant share of this decline reflects the severity
of the downturn and the weakness of the US labor market in that period. In a recent
study, Erceg and Levin (2014) show that cyclical forces account for the bulk of the recent
fall in the US participation rate, which has exhibited a procyclical pattern since 2007
while it was essentially acyclical during the previous post-war period (see also, among
others, Van Zandweghe, 2012; Aaronson, Davis and Hu, 2012; and Fujita, 2014).

Against this background, a strikingly different behavior of labor market participation
has been recorded in the euro area, with an increase throughout the Great Recession
period. We provide evidence that this post-2007 rising pattern in the euro area labor
force participation rate is to some extent attributable to cyclical factors and, in contrast
to the US economy, participation in the euro area has displayed a countercyclical profile
since 2008, while it was substantially acyclical beforehand.

By using a theoretical model of fluctuations with endogenous labor force participation,
we propose a structural interpretation of these diverging developments in the two areas
and shed light on the implications that the cyclical pattern of the participation rate might
have for inflation.

The theoretical model integrates nominal price rigidities a la Calvo (1983) and search
and matching frictions in the labor market. Our framework is in line with the modern
theory of unemployment fluctuations a la Diamond-Mortensen-Pissarides, that reads un-

employment as an equilibrium phenomenon in which the volumes of job-seeking by workers

'We thank Regis Barnichon, Raf Wouters and participants to the ECB conference "Challenges for
Macroeconomic Policy in a Low Inflation Environment" (2015) and to the Bank of Italy’s Workshop
on "Low Inflation and its Implications for Monetary Policy" (2015) for helpful comments. The views
expressed herein are those of the authors and do not necessarily reflect those of the Bank of Italy.



and worker-seeking by employers reach a balance determined by the relative prices of the
two activities. Differently from standard models of the business cycle, the household’s
labor supply decision also includes the proportion of the family members that should
participate in market work activities rather than contribute to housework.

We show that during recessions the fall in the chances of finding a job and the decline
in real wages drive potential workers out of the labor force. This is the so called discour-
agement effect, which leads to a procyclical response of labor force participation to shocks,
as in the US economy. However, a different scenario emerges when real wage rigidities are
allowed for. The latter prevent the workers’ pays from falling as much as the reservation
wages, thus inducing a countercyclical profile of the wage markup. We show that this
feature, combined with habits in consumers’ preferences, which result in the household
aiming at maintaining pre-crisis consumption level, yields a different prediction for the
response of labor supply to contractionary shock. Indeed, non-participating family mem-
bers might be prompted to seek jobs during a severe downturn. This effect, which came
to be known in the literature as the added worker effect, implies a countercyclical profile
of labor force participation, as the one documented in the euro area during the Great
Recession.

After rationalizing the cyclical movements in labor force participation, we draw their
implications for price dynamics. In general, the cyclical pattern of labor market participa-
tion weighs on inflation by affecting labor market tightness, i.e. the balance between the
demand for, and the supply of, labor. An increase in the number of participants makes
the labor market looser. A looser labor market exerts a downward pressure on inflation
by reducing hiring costs and by inducing a downward pressure on wages, because both
the worker’s outside option during the bargaining process and the firm’s surplus from an
established employment relationship do decrease. Based on these channels, we establish a
new, and perhaps surprising, result. When endogenous participation decisions are allowed
for, the degree of real wage rigidities becomes almost irrelevant for inflation dynamics.

According to a workhorse new Keynesian model, that abstracts from endogenous move-
ments in labor force participation, real wage rigidities shrink the response of inflation to
demand shocks and amplify the response of inflation to supply shocks, by limiting the
downward (upward) adjustment of real wages during recessions (booms). We show that,
when endogenous developments in labor force participation are allowed for, a high de-
gree of wage rigidities induces countercyclical movements in labor supply, whose effects
on inflation countervail those of opposite sign induced by the wage rigidities themselves.

Overall, inflation dynamics turn out to be not affected by the degree of real wage rigidities.



This outcome recalls the result of Krause and Lubik (2007), who show that, in a new
Keynesian model with search and matching frictions, the allocative role of real wages is
reduced, as hiring frictions drive a wedge between the effective real marginal cost and unit
labor cost. The former can change even if the real wage does not, as the effective real
marginal cost is given by unit labor cost plus an additional dynamic term that depends
on the difference between the current value of the average worker and the expected cost
of hiring. Importantly, however, a novel dimension of our own finding is that, because
of the endogenous movements in labor force participation, the real wage bill and this
additional dynamic term are affected in opposite direction by real wage rigidities. Hence,
we show that the effects of wage rigidities on inflation dynamics, rather than being reduced
relative to a frictionless labor market, become almost nil if the endogeneity of participation
is allowed for.

The general message is that the assessment of the impact of wage rigidities on inflation
cannot ignore the effects that wage rigidities generate on labor supply, an additional
important channel that has been neglected so far in the literature.

The paper is organized as follows. Section 2 presents some evidence on the patterns of
labor force participation in the US and in the euro area with a focus on the cyclical devel-
opments. Section 3 sets up the theoretical model. Section 4 points out the features which
determine a countercyclical versus a procyclical response of labor market participants.

Section 5 discusses the implications for inflation. Section 6 concludes.

2 Labor force participation in the US and the euro

area

A notable feature of the Great Recession in the aftermath of the global financial crisis
is the sharp increase in the unemployment rate in both the US and the euro area. In-
deed, the pattern of the unemployment rate has been similar across the two regions from
2008 through early 2011, with a steep rise and a subsequent reduction, although in 2011
the sovereign debt shock, specific to the euro area, has induced a second increase in its
unemployment rate in contrast with its continuing fall in the US.

Against this backdrop, the behavior of labor force participation is markedly diverging
in the two areas throughout the whole period associated with the Great Recession. The
declining pattern of the labor force participation rate (LFPR) in the US economy stands

in sharp contrast with the parallel increase in the euro area. These opposite patterns are



a peculiar feature of the Great Recession; however they are not exclusive to that period,
as labor market participation started to decline in the US economy at around the turn of
the 21st century (albeit at a lower rate) while a rise of the participation rate in the euro
area was recorded throughout the whole past decade. Figure 2 compares the diverging
development in participation in the two regions by focusing on the labor force aged 15-64
(i.e. persons in that age group that are employed or actively seek work) as a percentage
of the total population in the same age class. In this section, we document the recent
behavior of labor force participation in the US and the euro area with a particular focus

on the role of cyclical developments.

2.1 Developments in labor market participation in the US

In the United States the labor force participation rate of the civilian noninstitutional
population aged 16 and older has attained a peak of 67.3 per cent in early 2000 and has
declined thereafter, being about 66 per cent at the end of 2007 and reaching a level below
63 per cent at the end of 2014 (62.8 per cent in the fourth quarter). To understand these
developments and assess the role of cyclical factors during the Great Recession, it is im-
portant to broaden the perspective and recall first that, between mid-1960s and 2000, the
labor force participation has steadily risen in the US. There are long-run demographic,
cultural and institutional factors that account for this pattern, which reflects heteroge-
neous developments across age and gender groups. In the 1970s and 1980s, when the
baby-boom generation (i.e. the individuals born between mid-1940s and mid-1960s) grew
up and entered the prime-age group (25 to 54 years), which is typically characterized by a
higher degree of participation to the labor market, a steep rise of the aggregate participa-
tion rate has occurred due to the shift in the composition of the population. Moreover, a
steady upward trend has been documented in female labor participation since 1948, which
reached a level of about 60 per cent in mid-1990s. In addition to that, the developments
in health and the increase of longevity have induced individuals to postpone retirement
so as to accumulate more wealth in order to face lengthier retirement periods. Finally,
technological progress and the increases in the endowment of skills and human capital
have prompted a structural change in the distribution of jobs with a higher proportion
of occupations with longer careers length (see Aaronson, Davis and Hu, 2012 and Van
Zandweghe, 2012; Burlon and Vilalta-Bufi 2014, and the references therein).

Against this background, the most important structural factor behind the decline

of the US labor force participation rate since 2000 is the increasing share of older-age



individuals (55 and over) in the working age population as the baby-boom generation
becomes old and progressively shifts towards age groups with lower participation rates
compared to those of prime-age individuals. Another development explaining the drop in
the US participation rate since its peak in the early 2000’s is the decline in the labor market
participation among the younger-age group which largely mirrors a higher incidence of
schooling and has been even more evident since the start of the Great Recession (see
Aaronson, Park and Sullivan, 2006 and Aaronson, Davis and Hu, 2012). Moreover, a
significant portion of the decline in the US participation rate since 2000 is due to the
increase of disability rates and, since 2010 only, in retirement rates also (Fujita, 2014).
Barnichon and Figura (2015) document a decline over the past 30 years in the share of
nonparticipants who report wanting to work and argue that this decline has contributed
to a large extent to the downward trend in US participation over the past two decades.
They also show that reforms in the area of welfare and social insurance can account for
about 50 per cent of the decrease in the desire to work among nonparticipants.

Whilst the drop of labor force participation begins before the Great Recession, it has
been more pronounced since then. Several contributions have convincingly shown that
cyclical factors play a relevant role in accounting for these developments and, in particu-
lar, movements in the labor force participation rate since 2007 largely reflect a pro-cyclical
component. Indeed, some studies document a stronger relationship between labor force
participation and the business cycle in coincidence with the Great Recession, showing
that the cyclical component of the participation rate significantly moves in the same di-
rection as that of the state of the economy, contrary to the previous post-war period when
participation was acyclical. For example, Van Zandweghe (2012) examines the correlation
between the unemployment rate and changes in LFPR and finds that, since 2007, it is
equal to —0.13, while the two series were previously uncorrelated. Moreover, he documents
that between 2007 and 2011 the average correlation of the LFPR and the unemployment
rate across US states has changed to —0.52, from the lower levels (in absolute value)
recorded over the previous periods. Interestingly, Van Zandweghe (2012) also performs a
multivariate Beveridge-Nelson decomposition and finds that cyclical factors accounts for
58 per cent of the decline in LFPR over the 2007-2011 period.

Similarly, Erceg and Levin (2014) provide convincing evidence that the bulk of the
post-2007 drop in the US labor force participation is due to cyclical developments. In
particular, they estimate a linear regression on cross-section data on the US states, where
the change in the LFPR for prime-age adults over the period 2007 to 2012 is regressed

on a constant and the corresponding change of the unemployment rate. They find that



the coefficient on the change in unemployment is negative and highly significant while the
regression intercept is not statistically different from zero. Erceg and Levin (2014) also
use labor force projections released by the BLS in 2007 and document that the influence
of demographic factors on the pronounced post-2007 decline of the US participation rate
is rather limited (see Canon, Debbaut and Kudlyak, 2013 for a note of caution on this).
Also Fujita (2014) argues that the drop in the participation rate has been driven by both
structural, long-run factors and business cycle conditions. In particular, he delves into the
Current Population Survey (CPS) micro data and shows that the increased incidence of
"discouraged workers" since the Great Recession explains about 30 per cent of the total
decline in the participation rate between 2007 and 2011.

There is therefore agreement on the view that cyclical factors do play a role in ac-
counting for recent dynamics in the US labor market participation.? On the other hand,
as emphasized by Fed Chair Janet Yellen (2014), this does not imply that a line of distinc-
tion can be easily drawn between structural and cyclical factors, as several developments
during the Great Recession - such as the change in disability rates, retirement choices and
educational enrollments - are likely to reflect forces of both types. This, of course, applies
also to the euro area, to which we now turn, where the participation to the labor market,

however, has exhibited a markedly different pattern.

2.2 Developments in labor market participation in the euro area

In the euro area the labor force participation rate of the working age population (15-
64) has steadily risen from 67.5 per cent in 2000 to 71 per cent at the end of 2007 and
has reached 72.4 per cent in the third quarter of 2014. This post-2007 increase in labor
market participation is common to the vast majority of euro area countries with Ireland
and Portugal as sole exceptions. This increasing path is shown in Figure 2 for both the
euro area and its largest four countries (see European Central Bank, various years).

As is well known, the aggregate participation rate hides large heterogeneity across
population groups and across countries. In a long run perspective, the participation
rate has grown in the euro area since the early 80s and this pattern originates from
a steady increase in the female participation rate and a parallel gradual decline of the

male participation rate until mid-90s, followed by a weak increase thereafter. Moreover,

2Hotchkiss and Rios-Avila (2013) find that the dramatic decline in the LFPR during the Great Re-
cession is explained almost entirely by cyclical factors. See also Bengali, Daly and Valletta (2013). An
exception is Bullard (2014), who argues that the actual level of labor force participation rate in the US
is not far from its trend and therefore its cyclical component is relatively small.
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the participation to the labor market among young individuals (aged 15-24) has declined
markedly since mid-80s for both women and men while, on the contrary, a steady increase
in participation has been recorded for the group of older individuals since about mid-90s
(see Balleer, Gémez-Salvador and Turunen, 2009). Data from 2000 onwards confirm this
evidence for women and men of the age groups 55-64 and 65-74.

Changes in preferences, social norms and cultural attitude towards work explain the
women’s increasing participation to the labor market. On the other hand, shifts in the
institutional settings of the labor market and pension reforms have induced a postpone-
ment of the retirement age across several countries of the region, positively affecting the
participation rate. Immigration from non-euro area countries has also contributed posi-
tively to labor supply. Moreover, demographic factors have played a role in the overall rise
of participation until 2007 due to the increased share of the population in prime working
age (see European Central Bank, 2008).?

As for the United States, the pattern of labor force participation in the euro area in
the post-2007 period reflects pre-existing structural, long run developments. However,
part of the increase in participation during the Great Recession is likely to reflect cyclical
factors. In particular, in the wake of a severe downturn, alongside a possible discourage-
ment effect, the added worker effect may also materialize. That is, the households’ labor
supply might increase after idiosyncratic and/or economy-wide income shocks associated
with employment losses or severe wage cuts. Indeed, the decision to switch status and
participate to the labor market during a deep downturn aims at compensating for the
possibly large and protracted income contraction within the household (see European
Central Bank, various issues). The worker added effect would therefore contribute to a
counter-cyclical response to shocks of labor force participation, especially that of women.

In this section we investigate whether the cyclical component of labor force participa-
tion rate in the euro area during the Great Recession exhibits significant co-movements
with the state of the economy and we establish the sign of this co-movement. We provide

some evidence that in the post-2007 period the cyclical component of labor force partici-

3During the Great Recession, on the contrary, the change of the population structure has acted in
the direction of decreasing, rather than increasing, the aggregate participation rate. To show this, we
calculated the hypothetical labor force participation rates throughout the 2007-2013 period by holding the
population shares across age groups fixed at 2007 levels. By comparing these rates with the corresponding
actual ones no notable differences emerge. However, we also constructed a hypothetical participation
rate by keeping fixed the participation rates of each age group at their 2007 figures while allowing the
population shares to vary. These counterfactual rates are systematically lower than the corresponding
actual rates, suggesting that the observed shifts in the population distribution have contributed to drive
down the participation rate.
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pation in the euro area has evolved in the opposite direction to that of the business cycle,
displaying a countercyclical profile. On the other hand, by considering a longer sample
the evidence points to a rather acyclical pattern of the participation rate.

In Table 1 we report regression results on quarterly data for the euro area where the
de-trended quarterly LFPR, derived with the Hodrick-Prescott (HP) filter, is regressed on
the rate of change in real GDP. The estimated coefficient associated to the latter variable
is negative and statistically significant (—0.088 with a standard error of 0.043) when we
focus on the post-2007 period and consider both women and men in their working age (see
column 1). We also report regression results over a longer sample where the coefficient
associated to GDP growth is allowed to vary depending on the sub-sample (see column
2). It turns out that the estimated coefficient is negative and statistically significant only
in the post-2007 period. This result is driven by female participation: when we focus
on the participation rate of women only, the estimated effect of the GDP growth rate
is negative and statistically significant only in the post-2007 period, while it is positive
and not significant in the previous period (see columns 3 and 4). When male labor
force participation is considered, the estimated coefficient associated to GDP growth is
negative in the post-2007 period but is not statistically significant at conventional levels.
This evidence corroborates the relevance of the added worker effect, as the latter is known
to be a significant determinant of female labour supply.

We have also investigated this issue by looking at data at the country level within the
euro area over the period from 2008:Q1 to 2013:Q4. In particular, we have estimated a
panel regression in which we control for cross-country heterogeneity by allowing for time-
invariant, country-specific fixed effects in the estimation. The findings are reported in
Table 2 and confirm the previous results. Indeed, using the de-trended LFPR as dependent
variable, the estimated coefficient associated to the GDP growth rate is negative and
statistically significant (—0.048 with a standard error of 0.020) lending support to the
hypothesis of countercyclical elements in the post-2007 profile of LFPR in the euro area.*

To provide further evidence that the pattern of labor force participation in the euro
area has exhibited countercyclical features in the wake of the Great Recession, while being
essentially acyclical beforehand, we have computed time-varying correlations between the
de-trended LF' PR and the rate of change of GDP, reported in Figure 3. The evidence

suggests that these correlations have become negative and larger (in absolute value) in

4We have also experimented with another panel specification in which the change in LFPR is used
as dependent variable and the change in the unemployment rate is used as regressor. The estimated
coefficient associated with the unemployment term is positive and statistically significant (0.083 with a
standard error of 0.040).
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the post-2007 period while they were in general positive, albeit close to zero, before 2008.

In Figure 4 we use information for each euro area country related to the overall change
in its LFPR in the post-2007 period as well as on the intensity and severity of the
recession. The latter indicator is measured for each country as the difference between the
lowest and the highest values of real GDP attained over the whole post-2007 period. The
scatter plot suggests that the more severe the downturn has been in a country in terms
of GDP loss, the higher the change in the labor force participation rate has been.

All in all, this evidence suggests that cyclical developments played a role in shaping
the behavior of labor market participation in the post-2007 period and that participation
in the euro area exhibited contercyclical features. In the following sections we develop
a theoretical model in which cyclical patterns in the participation are explicitly allowed
for and where a structural interpretation is provided for their diverging profile in the two

areas during the Great Recession.

3 The model

The theoretical model presented here builds on the New Keynesian framework with un-
employment developed by Blanchard and Gali (2010a) and extended by Gali (2011). The
Blanchard and Gali’s model combines a concave utility function over consumption and
leisure with labor market frictions a la Diamond, Mortensen and Pissarides, real wage
rigidities and staggered price setting. In order to allow for endogenous labor force in
the model, we draw on the home production literature. Family members can be either
employed, unemployed and searching for a job, or out of the labor force; those individu-
als who are not participating in the labor market engage in housework activities, which
increase the utility of the whole family. The household allocates family members be-
tween the market and the home sectors on the basis of the relative return from being in
each of them, and assigns an equal consumption level to all members in order to share
consumption risk within the family.

While our model is related to an extensive body of literature, the two models which
are closest to our own are those by Erceg and Levin (2014) and Campolmi and Gnocchi
(2014). Erceg and Levin augment a standard New Keynesian model (without labor mar-
ket frictions) with endogenous labor force participation and adjustment costs of moving
members between the market and the home sectors, to account for the gradual adjust-
ment of the labor force. In their set-up labor market participation is always procyclical

and the main focus of the study is on the effects of different monetary rules. Campolmi
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and Gnocchi (2014) nest the endogenous participation margin and the provision of unem-
ployment benefits into a search model in the Diamond-Mortensen-Pissarides tradition. In
their dynamic general equilibrium framework they abstract from the conventional margin
between consumption and leisure and show that, although labor force participation is the
least volatile among labor market variables, neglecting it is problematic as the participa-
tion margin helps to mitigate the Shimer critique, i.e. the inability of the basic search
and matching model to reconcile the strong procyclicality of the job finding rate with the

weak procyclicality of labour productivity.

3.1 Labor market flows

We follow Campolmi and Gnocchi (2014) in modeling labor market flows. The relevant
decision unit is the representative household with a continuum of members represented
by the unit interval. Let E; be the mass of employed, U; the pool of unemployed and L;
the mass of non-participant members so that E; + U; + L, = 1. We assume an exogenous
separation rate, p € (0,1).” Therefore, at the end of the period ¢ — 1 the non- employment
pool is made up by the unemployed, U; ; (i.e. those who were not hired at the beginning

of the period), those who separated from their jobs, pE; 1, and the non participants:

yt—l +pEi 1+ Lt—lj =1-(1—-p)Ei,

non-employment pool

The size of the pool of jobless individuals who are available for hire at the beginning of
period t is denoted with S;. Thus, the following relationship holds, S;+L; = U;_1+pE; 1+
L;_1, indicating that, out of the non-employment pool, some household members will be
searchers in the following period, ¢, and the remaining ones will be non-participants.

Denoting with Ny = 1 — L; the members who are in the labor force, we have:

Sy =Ny — (1 —p)Ey4, (1)

>The assumption of an acyclical separation rate is consistent with the recent literature showing that
movements in the job finding rate has a predominant role in explaining workers’ flows, relative to those
of the firing rate. Indeed, the last three US downturns have not been characterized by a wave of job
losses. On the contrary, rising unemployment has been caused by the fact that - once unemployed - the
probability of finding jobs has fallen sharply. This contrasts with the common wisdom that recessions are
periods characterized primarily by high job loss rates (see Blanchard and Diamond, 1990). On the basis
of this evidence, Hall (2005) argues convincingly that in the US economy unemployment rises because it
is hard to find a job and not because an unusually large number of individuals are fired (see also Elsby,
Hobijn, and Sahin, 2010). Along this line, Shimer (2005, 2007) documents that, whereas the job finding
probability has been strongly procyclical over the last two decades, the separation rate is acyclical. See
Barnichon (2011) for a note of caution about the assumption of an acyclical separation rate.
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where S; > 0 and N, > (1 — p) E;_1, implying that the pool of participants in period ¢
should be at least as large as the pool of those who did not separate from their jobs in
period ¢ — 1. As highlighted by Campolmi and Gnocchi (2014), this amounts to ruling
out direct flows from the employment pool towards non participation. In other words, if
household wished to reduce labor market participation, she would withdraw from the pool
of unemployed members. We check that the steady state unemployment is large enough
relative to shocks. We denote by M, the measure of workers hired in period t; accordingly
the job finding rate is defined as f; = ]‘g—: Hence, we establish that U; = (1 — f;)S;.
Workers are immediately productive in the period when they are hired.® Based on the

previous definitions and assumptions, the time path of employment obeys the following:

Ji
L= fi

E=Q0=p)Ea+ fiSe=0=p) (1= fi) Ber + fiNe = (1 — p) Et1 + Ue (2)

3.2 The household

The relevant decision unit is the infinitely-lived representative household, which has a

utility functional of the form:

Flts 1 — N9
AN}
1+4+¢ 1—0¢

[Eo Z &5 log (Cy — hCyy) — 4

t=0

] (3)

where both &, and y, are two preference disturbance term with mean unity, which follow
e—1

a stationary first order autoregressive process, C; = | fol C, (i) © ]=7 is consumption (a
CES function over a continuum of goods with elasticity of substitution e, with C; (7)
representing the quantity of good i consumed by the household in period ¢; we assume
the existence of a continuum of goods represented by the interval [0;1]) and h represents
the degree of internal habit persistence. Home production yields a period utility benefit,
Xt%, that rises in the number of members allocated to the home-sector L;; ¢ and
¢ are both positive constants. State-contingent securities offer workers full insurance

against differences in their specific income. The household assigns equal consumption to

6This timing convention is analogous to that of many contributions (among them, see Blanchard and
Gali, 2010a; Gertler, Sala and Trigari, 2008; and Faia, 2009). It has the advantage of being consistent with
the bulk of the business cycle literature, where employment is assumed to be a non-predetermined variable.
By contrast, however, other search and matching models assume that it takes one period for a new hire to
become productive. This implies that employment is predetermined by one period even with an infinitely
efficient matching technology which prevents employment from responding contemporaneously to shocks.
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all members in order to share consumption risk within the family.” The period budget

constraint takes the form:

1
/Pt (1) Cy (i) di + Q¢ By < By + Wi B, + T, (4)
0

where P, (i) is the price of good i, W; is the nominal wage, B; represents purchases of

one-period bonds (at a price @;), and T} is a lump sum component of income (which may

include, among other items, dividends from ownership of firms). In order to allocate its

consumption expenditures among the different goods, the consumption index, C;, needs
1

to be maximized for any given level of expenditures / P, (i) Cy (i) di. The solution to
0 —
that problem yields the set of demand equations, C; (i) = (%@) C4, for all 7 € [0, 1],

where P, is an aggregate price index. Conditional on this optimal behavior, we have
1

/Pt (1) Cy (i) di = P,Cy. The household maximizes (3), subject to (4), as well as to E; =

0
(1—=p) (1= f;) (N1 — Ui—1) + fiNy. Solving the household’s optimization problem we

obtain a conventional Euler equation:

At+1£t+1 P,
— BE, L5t 5
@ ﬁtAt & Pia ©)

where

1 fn 1
=——— —hBE ,
C—ho, GG,

and the participation condition:

Ay

1—N,)™° W, E; Xepr (1= Nypr)™? Apy1 &y (1—
X — ) £ Ft B wAt A 41 . 1+1) B(1—p) /t\+1 ?1( fft+1)
t t t t+1 t t t+1
MRSL,cEUL/Uc MRSE7cEUE/UC

(7)

"Indeed, in the presence of unemployment risk, differences in consumption levels between employed
and unemployed workers might emerge. The full income insurance scheme avoids this possibility and
implies that the income of an unemployed person is the same as the income of an employed member.
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according to which the representative household chooses to allocate members to market
production up to the point at which the marginal cost in terms of foregone home produc-
tion equals the marginal return to market work. The latter is given by the wage markup
over the marginal rate of substitution and the option value of getting an additional mem-

ber into employment, both weighted by the probability of finding a job in time ¢, f;. The

(A—fet1)
ft+1

a match realized in period t allows the household to stay in the working relationship in

intuition for the term, (1 — p) , is that a positive option value arises as long as
period ¢ 4+ 1 and as long as the probability of finding a job in period ¢ + 1 is less than 1.8
By solving equation (7) forward, we establish that labor force participation depends on

the expected discounted stream of premiums generated by an additional hire.

3.3 Firms

As for the firms, we distinguish between two sectors: retail and intermediate firms. House-
hold’s members are employed by intermediate firms which face a hiring cost and operate in
a competitive market in relation to the goods they produce. Intermediate firms sell their
output to retailers, which are monopolistically competitive and set prices in a staggered
fashion.”

We assume a continuum of retailers indexed by i € [0, 1], each producing a differ-
entiated final good. The retail firm purchases the intermediate output on a perfectly
competitive market and converts it into a differentiated final good. All retail firms have

access to an identical technology:

Yi(i) = Xu(0), (8)

where X,(i) is the quantity of the single intermediate good. The latter is produced by a
large number of identical, perfectly competitive intermediate firms, indexed by j € [0, 1],

and with a technology:

Xi(j) = AEi(j) (9)

where A; represents the state of technology, that is common across firms and varies ex-

ogenously over time according to a stationary first order autoregressive process. Firms

8Indeed, the term (1 — fi11)/fi41 is the wedge between the matches and the pool of unemployed:
M, = Sy

t ft+1 t

9The motivation for the separation between final goods producers with monopoly power and interme-
diate good producers operating in a perfectly competitive environment is to avoid interactions between

price setting and wage bargaining at the firm level.
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incur a cost to hire new workers and vacancies are filled immediately by paying the hiring
costs. As in Blanchard and Gali (2010a), the cost per hire (G;) is taken as given by each

firm and is increasing with labour market tightness f;:!°

G, = ABf (10)

where B is a positive constant and 7 > 0 measures the elasticity of hiring costs to labor
market conditions.!!

The wholesale firm maximizes profits

Avir € 1 . Wik
’ kaHk( Ak Ernli) = o F Ak B M ) 1
tzﬁ Ar & \ s 1k Bk () Prox k(7)) — A B My (5) (11)

P
P
first order conditions for this problem imply:

subject to Eq. (2), where pu, = 5% is the markup of retail over intermediate prices. The

Hy PtAt

A A
+ Bff — G, th1 $ip (1—p) =2 BfL, + 1 (12)
A € A,

where ! is a cost push term with mean unity which follows a stationary first order
autoregressive process. Following Calvo (1983), retailers can reset their price at random
dates: in each period only a randomly chosen fraction (1 — 6) of retailers adjusts their
prices. The remaining retailers keep their prices unchanged. The pricing decision of a

retail firm obeys the following equilibrium condition:

Air & P, P € Py
E (9k k\4k St+k Lt ty Sty MC t+ -0 13
¢ Z s N, P\ g T e Mg (13)

where Y; 1/ and M Cy;, denote, respectively, output and the real marginal cost in ¢ + k

for a firm that last reset its prices in t.

10As in Blanchard and Gali (2010a), f; is both an index of labour market tightness and, from the
viewpoint of the unemployed, the probability of being hired in period ¢.

' As in Blanchard and Galf (2010a), the hiring cost is assumed to grow with productivity in order to
rule out that productivity improvements can affect the cost of hiring relative to the cost of producing.
Also, note that in the Diamond-Mortensen-Pissarides framework the expected cost of hiring an addi-
tional worker in the steady state is proportional to the average duration of vacancy, which, in turn, is
proportional to the ratio of vacancies to h1res As a consequence, assuming a matching function of the
form M = ZS*V'~% we have % U= Zat (Ag) = Thus, as stressed by Blanchard and Gali (2010a),

the parameter 7 corresponds to 2 in the standard Diamond, Mortensen, Pissarides model.
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3.4 Wages

The presence of a surplus associated with existing relations implies that many wages
may be consistent with equilibrium. We follow Hall (2005) and assume equilibrium wage
stickiness. In particular, we assume a backward looking social norm, where the wage norm
is a rule to select an equilibrium within the bargaining set. The actual wage level is given

by a weighted average of past wage level and the equilibrium real wage, (W/)*:

Wt Wt—l K *(1—)
We _ Wy
.Pt ( .Pt_l > ( t )

where the equilibrium wage is defined as the Nash wage schedule (Hall, 2005). Nash

bargaining satisfies:

SH = 9SF (14)

where SH and S denotes the household’s and firm’s surplus from an established employ-
ment relationship, respectively, and v represents the relative bargaining power of workers.
As in Campolmi and Gnocchi (2014), if the household and the firm do not reach an agree-
ment and deviate from equilibrium, the member enters the unemployment rather than
the employment pool after the participation rate has been chosen. Therefore, the surplus
of employing one additional member is evaluated by keeping constant the participation
rate at t. We have:

S
— = AR (1 ) (1 fu) SI (19

On the other hand, the firm’s surplus from an established employment relationship is:

S

S =ABf, (16)

because any current worker can be immediately replaced with someone who is unemployed
by paying the hiring cost. Combining Eqgs. (15), (16) and (14), we have the Nash wage

schedule:

_ VE
-1

A
COABS - BB (L (1= f ) A B, (17)

Wy A E,

3.5 Aggregate resource constraint and monetary policy

The aggregate resource constraint is:
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Cy = At(Et - Bftth)

As in Blanchard and Gali (2010b), we assume that interest rate decisions are taken

144, B ( P, )%
R Py)

where R is the steady-state nominal gross rate.

on the basis of inflation:

3.6 Calibration

We take each period to correspond to a quarter. For the discount factor, 3, we assume
the value commonly found in the literature (0.99). The two elasticity parameters for
preferences, ¢ and ¢, are set equal to 1. 1 is calibrated to a value of 1, as in Blanchard
and Gali (2010a). In most of the exercises that follow, we vary the degree of internal habit
persistence, h, within the range [0, 1) over which it is theoretically defined. When we single
out a specific value, we set it at 0.7, a rather standard calibration for macroeconomic
models (see e.g. Boldrin, Christiano and Fisher, 2001 and Christiano, Eichenbaum and
Evans, 2005).

As for the labor market parameters, we follow Blanchard and Gali (2010a) and set the
steady state job finding rate, f, equal to 0.7 (corresponding approximately, to a monthly
job finding rate of 0.3) and the separation rate, p, equal to 0.12. These values yield a steady
%] , of 5 percent, arguably a reasonable value
(see Appensix). We calibrate the elasticity of hiring costs to labor market tightness, 7, to
a value of 1. As elucidated by Blanchard and Gali (2010a), this calibration derives from

the mapping between this model and the standard Diamond, Mortensen and Pissarides’

state unemployment rate, (1 — f) [

type of framework. Indeed, with a matching function of the form, M = ZS*V'=“ one
obtains % = Za (%) =% Given the link between the cost of hiring and the incidence of
vacancies, the parameter 7 corresponds to 2~ in the Diamond, Mortensen and Pissarides
model and 7 = 1 is consistent with estimates of a which are typically close to 0.5. Also,
as in Blanchard and Gali (2010a), we calibrate the parameter B, pertaining to the level
of hiring costs, so that in steady state hiring costs are a one percent fraction of GDP,
a plausible figure. As the steady-state ratio between hiring costs and GDP is equal to
B f"p, this implies a value of B equal to 0.1.

The relative bargaining power of workers, 9, is set to a value of 1, in order to make
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the model consistent with the Hosios condition, that in our framework reads ¥ = 7. The
steady-state labor force participation rate, IV, is set at 65 percent, a plausible value. As
in Blanchard and Gali (2010b) and in a number of other contributions, we set the Calvo
parameter, 6, to 0.8. Finally, the Taylor coefficient in the monetary policy rule, ¢, is set

to 1.1, a reasonable value, consistent with a unique equilibrium.

4 The cyclical patterns of labor force participation

Our model is consistent with both a procyclical and a countercyclical response of labor
force participation to shocks. The cyclical profile of labor force participation hinges, in
particular, on two key parameters: the degree of real wage rigidities and the extent to
which households care about the distance between their current consumption and its past
level. To see the economic intuition, consider again the optimal condition for participation:
(1= firr)

; ftEtXHfg—j(l - Ne) 81 - p) ) as)

_ W, YE;
e During downturns, the fall in the workers’ probability of finding jobs, f;, and the
worsening of the real wage drive family members out of the labor force. This is the

well known discouragement effect, that leads to a procyclical labor force participa-

tion.

e The cyclical profile of labor market participation depends on the cyclical behavior

Wy _ YE;
Py A¢

shock encourages family members to enter the labor market, favoring a countercycli-

of the wage markup, < ) A wage premium that rises after a recessionary
cal behavior of labor force; conversely, if the wage premium falls during downturns,
then labor market participation is likely to decrease, displaying a procyclical devel-
opment. Hence, the degree of real wage rigidities, 7, influences the cyclical profile of
labor force participation, because it steers the cyclical behavior of the wage markup.
In the wake of a contractionary shock, if 7 is large the real wage would fall by less

than the reservation wage, and the wage markup increases.

e Moreover, the sign of the response of labor market participation to shocks depends
on habit formation. Indeed, a recessionary shock implies a decrease in consump-
tion and therefore yields a negative wealth effect (an increase in A;), leading to an
increase in labor force participation. The higher the degree of internal habit forma-

tion, h, the stronger the wealth effect and the more likely labor supply does increase
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in the short run.

In sum, our theoretical model suggests two distinct channels through which the diverg-
ing cyclical developments of labor force participation in the US and the euro area since
2007 can be rationalized. Indeed, in the aftermath of the severe downturn that followed
the global financial crisis, the different relevance of real wage rigidities in the US and
the euro area, coupled with the different degree of habit in consumption, can generate
an opposite cyclical pattern in labor force participation. Using household data, Dynan
(2000) lends no support for the presence of habit formation in the US economy. On the
other hand, Bayesian estimates by Smets and Wouters (2005) of DSGE models for both
the US and euro area economy over the 1983:1-2002:2 point to a lower value of the habit
persistence parameter in the US (0.44) compared to that in the euro area (0.61).

As for the wage markup, Gali, Gertler and Lépez-Salido (2003) provide convincing ev-
idence on its markedly countercyclical profile in the euro area and point to the importance
of real wage rigidities to back this finding. In principle, rather than being a consequence
of real wage rigidities, a countercyclical wage markup could alternatively reflect desired
countercyclical changes in the markups by workers, in a flexible wages environment. How-
ever, in a recent study by the ECB (European Central Bank, 2012) estimates have been
obtained on the wage responsiveness to unemployment developments using panel esti-
mates which pool the data across the euro area countries. Importantly for our argument,
the results do point to a significant degree of downward real wage rigidities.

Figure 5 reports the response at impact of labor force participation to a contractionary
demand and supply shock, under different values for v and h. The former shock is modeled
as a negative shock to the discount factor (a negative shock to the consumer’s impatience,
&,); it is an intertemporal disturbance, which induces households to postpone consumption
and leading to a decrease in both GDP and inflation. The latter is modeled as a cost
push cost, leading to a decrease in GDP and an increase in inflation. Figure 6 reports the

response at impact of the wage markup.

5 Labor force participation, wage rigidities and in-

flation

The implications of real wage rigidities for the equilibrium level of inflation have been
extensively studied in the literature. Conditional to an adverse supply shock, for a given

money rule inflation will rise more, the slower real wages adjust (see Blanchard and Gali
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2007, 2010a and 2010b). Indeed, when wages are rigid, it takes time for the real wage to
downwardly adjust to labor market slack and the increase in inflation will turn out to be
wider than under flexible wages (see Figure 7, panel A).

Now consider a recessionary demand shock, driving down both GDP and inflation.
Real wage rigidities prevent the real wage from fully adjusting downward after the demand
shortfall. The fall in inflation is thus limited relative to the case in which wages are fully
flexible (see Figure 8, panel A).

In what follows we show that, when endogeneity in the participation margin is consid-
ered, the degree of real wage rigidities becomes irrelevant for inflation dynamics. Indeed,
to the extent that real wage rigidities prompt a countercyclical response of labor force,
falling in booms and rising in slumps, they leave price dynamics virtually unchanged.

In order to clarify the intuition, let us illustrate how movements in the labor force
influence price dynamics.

Changes in labor force participation impinge on inflation by affecting the balance
between the demand for, and the supply of, labor, i.e. labor market tightness. The latter,
which is measured in the model by f; = ]\;—:, affects the marginal cost of production by
influencing wages and hiring costs.!?

Consider, for instance, an increase in the number of participants. This makes the
labor market looser. According to the theoretical model, a looser labor market exerts a
downward pressure on inflation, by reducing hiring costs and exerting a downward pressure
on wages, because both the worker’s outside option during the bargaining process and the
firm’s surplus from an established employment relationship decrease.

The dependence of hiring costs upon labor market tightness is a standard property in
the class of unemployment models in the Diamond-Mortensen-Pissarides tradition, where
the expected value of hiring costs corresponds to the cost of posting a vacancy times the
expect time to fill it. This expected time is an increasing function of the ratio of vacancies
to unemployment, which in turn can be expressed as a function of labor market tightness.
Here we have followed the formalization of Blanchard and Gali (2010a), where vacancies
are filled immediately by paying the hiring cost. The two approaches are nonetheless
equivalent, as they both share the property that hiring costs are increasing with labor
market tightness (see Eq. 10).

As for real wages, in order to gauge their dependence on labor market tightness,

12The real marginal cost (see equation 12) is given by the ratio of real wage to productivity %A% plus
the hiring cost Bf}’, net of savings in future hirings resulting from the reduced hiring needs in period
t+1.
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consider again the Nash real wage (Eq. 17). Let b € (0,1) denote the worker’s bargaining

power (J = %_b), so that the equilibrium wage can be written as:

(W) = bW, + (1= bWy (19)

where W/ and W, are defined as follows:

VE} A1 & H Ay1 & H
T = — BE 2l (1 — E —(1- 2
w; A, PEy A€, (1= p) S + BB A& (1= p) frr18 (20)
— A A
W, = =L + gE,—H S (1—p) A1 Bf, (21)
/th At gt

W7} denotes the worker’s opportunity cost of holding the job, i.e. the sum of labor
disutility - net of the discounted future surplus resulting from the employment relation-
ship - and the value of searching for other jobs. The latter increases with labor market
tightness, f;,1: a higher probability of finding a job in period ¢ + 1 increases the worker’s
outside option during the bargaining process, raising the required minimum wage.

W: is the firm’s reservation wage: it equals the sum of the marginal revenue product
and the marginal saving on hiring costs resulting from the reduced hiring needs in ¢ + 1.
The latter increases with labor market tightness, which raises the firm’s surplus associated
with an existing relationship.

All in all, the equilibrium wage rises with labor market tightness because the latter
drives up the firm’s surplus associated with an employment relationship - thus increasing
the maximum wage that firms are willing to pay - and lowers the continuation value to
an employed worker, because workers’ outside option increases, thus raising the minimum
wage that workers are willing to accept.

Consider again a recessionary supply or demand shock. As we emphasized before,
real wage rigidities entail upward pressures on marginal costs, by limiting the downward
adjustment of the real wage. This tends to amplify the increase in inflation conditional
on adverse supply shocks, while tempering the drop in price dynamics associated with
demand-driven downturns. However, for the reasons pointed out in Section 4, real wage
rigidities entail a countercyclical response of labor force, driving potential workers into
the labor market during a recession. The decline in the index of labor market tightness,
ft, is amplified compared to that when participation is constant (see Figures 9 and 10).
This additional looseness in the labor market, induced by the increase in labor supply,

exerts a downward pressure on marginal cost, via the downward pressure on hiring costs
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and wages, and thus counteracts the upward pressure due to wage rigidities.

In sum, wage rigidities have a direct impact on the marginal cost by affecting real
wage dynamics, but they also induce cyclical movements in labor force participation and,
hence, on labor market tightness, that have effects of opposite sign on the real marginal
cost with respect to that of wage rigidities. The overall impact on inflation is almost nil

(see Figures 7 and 8, panel B).

6 Concluding remarks

In the aftermath of the Great Recession, the United States and the euro area have expe-
rienced a diverging path in their labor force participation. A large drop in US labor force
participation stands in sharp contrast with its parallel increase in the euro area.

Several contributions have documented that cyclical factors account for the bulk of
the post-2007 decline in the US participation to the labor market. We provide evidence
that, in addition to structural long run developments, a part of the recent increase in the
euro area labor force participation rate reflects cyclical developments. Whereas in the
US labor force participation rate has behaved in a procyclical fashion since 2007, it has
displayed a countercyclical profile in the euro area.

We use a theoretical model to rationalize these diverging developments. Our model
integrates endogenous participation decisions in the new Keynesian model of unemploy-
ment developed by Blanchard and Gali (2010a): household labor supply choices interact
with search and matching frictions in the labor market. This framework allows us to shed
light on the relevant forces behind the cyclical movements in labor force participation.
During downturns, the fall in workers’ chances of finding jobs and the worsening of em-
ployment conditions drive potential workers out of the labor force. This effect, known
in the literature as the “discouragement” channel, leads to a procyclical profile of labor
force participation, as the one recently emerged in the US.

However, the “added worker effect” might become predominant if the degree of real
wage rigidities is sufficiently high, entailing countercyclical wage markups, and /or pref-
erences feature a high degree of habit formation, i.e. households aim at maintaining their
pre-crisis consumption level, strengthening the wealth effects associated with shocks.

Through the lenses of our model we then study the implications for inflation, estab-
lishing a result on the interaction between real wage rigidities, labor force cyclicality and
inflation. When endogenous movements in labor force participation are allowed for, wage

rigidities are irrelevant for inflation dynamics. Indeed, during downturns, on the one hand

25



real wage rigidities exert upward pressures on the marginal cost by limiting the downward
adjustment of real wages, but on the other, real wage rigidities drive non-participating
workers into the labor force, leading to a countercyclical behavior of labor supply. Rel-
ative to the constant participation scenario, this channel induces an additional looseness
in the labor market that exerts downward pressures on the marginal costs. The overall
impact on inflation is almost nil.

Our chief conclusion is that the assessment of the effects of real wage rigidities on
inflation cannot disregard the impact that they exert on labor supply. Testing these

predictions on data is the next natural step in our research agenda.
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Tables and figures

Figure 1. Labor force participation rate in the US and euro area economy

— Euro Area 15-64
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Source: US: OECD; euro area: Labor Force Survey (Eurostat). Notes: Data are on the

Activity Rate, Aged 15-64, All Persons. KEuro area data refer to the EA-18 aggregate and

figures between 2000 and 2004 have been reconstructed by aggregating national data using the

working-age population shares as weights.
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Fig. 2: The participation rate in the euro area and the largest four countries
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Source: Labor Force Survey (Eurostat). Notes: for each country and the euro area (EA-18)

we report the four-quarter moving average (index 2008:Q1=100). Population aged 15-64 is the

one considered.
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Tab. 1: Regression results on euro area data

Dependent variable: LFPR,—LFPR_trend,

(1) (2) (3) (4) () (6)

Total Female Male
Constant —0.010 —0.027 —0.007 —0.028 —0.017 —-0.024
(0.036) (0.029) (0.030) (0.030)  (0.045) (0.036)
GDP,—GDP;_ *ok *k
W—ll —0.088 — —0.084 - —0.079 ——
(0.043) —— (0.037) —— (0.055) —_
GDZBEQTD_FI x* D pre 2008 —— —0.090 —— 0.103 —— 0.071
—— (0.062) _ (0.065) _ (0.077)
CDASEPHL « D _post_2008  ——  —0.090"  ——  —0.087" ——  —0.080
—— (0.041) —— (0.044) — (0.052)
Number of observations 24 56 24 56 24 56

Notes: the sample is 2008:Q1 - 2013:Q4 in the estimation of equations whose results are
reported in columns (1), (3) and (5). Conversely, the sample is 2000:Q1 - 2013:Q4 in the
estimation of equations whose results are reported in columns (2), (4) and (6). Data refer to
the euro area 18 aggregate. The dependent variable is LF'PR,—LF'PR_trend,. The dummy
variable D pre 2008 is equal to one in the sub-sample ending on 2007:Q4 and zero otherwise.
The dummy D post 2008 is equal to one in the sub-sample starting on 2008:Q1 and zero
otherwise.The trend of the labor force participation rate (LFPR) is measured through the HP
procedure setting the smoothing parameter to 1600. The participation rate refers to the working
age population (15-64). Standard errors are in parentheses. ** denotes significance at the 5 per

cent level; * denotes significance at the 10 per cent level.
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Tab. 2: Results from panel regressions on euro area countries with fixed effects

LFPR,—LFPR _trend,

Constant —0.015
(0.031)
GDP;;—GDP;; 1 sk
bR, —0.048
(0.020)
Number of observations 456

Sample: 2008:Q1 - 2013:Q4. In the panel estimation, we take account of the heterogeneity
across countries by using country-specific time invariant effects. The index ¢ refers to each euro
area country (19 of them are considered including Lithuania). Notes: The dependent variable is
LFPR;;—LFPR_trend;. The trend of the labor force participation rate (LFPR) is measured
through the HP procedure setting the smoothing parameter to 1600. The participation rate
refers to the working age population (15-64). Standard errors are in parentheses. ** denotes

significance at the 5 per cent level; * denotes significance at the 10 per cent level.
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Fig. 3: Time-varying correlations between de-trended LF' PR and the rate of change of GDP
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Notes: Rolling correlation coefficients between the labor force participation rate (LF'PR)
net of its trend and the rate of change of GDP have been calculated using 12-quarters windows

over the period 2000:Q1 - 2013:Q4. The participation rate refers to the working age population
(15-64).
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Fig. 4: The participation rate and the intensity of the recession across euro area countries
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Notes: on the vertical axis, we consider the difference between the lowest and the highest
vaue of real GDP attained by each country in the post-2007 period. In the horizontal axis
the overal change over the post-2007 period is considered. The participation rate refers to the

working age population (15-64). Euro area countries are 19 and include Lithuania.
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Figure 5. Response at impact of labor market participation

to a contractionary demand shock to a contractionary supply shock
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Note. The figure reports the response at impact of labor force participation to a 1% decrease
in &, (left panel) and to a 1% increase in p, (right panel), for different calibrated values of «y

and h. The remaining parameters are calibrated as discussed in Section 3.6.

Figure 6. Response at impact of the wage markup

to a contractionary demand shock to a contractionary supply shock
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Note. The figure reports the response at impact of the wage markup to a 1% decrease in
&, (left panel) and to a 1% increase in p, (right panel), for different calibrated values of 7y and

h.The remaining parameters are calibrated as discussed in Section 3.6.
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Figure 7. IRFs of inflation to a contractionary supply shock for different degree of real wage

rigidities
A. Constant labor force B. Endogenous labor force
0.3 0.3
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Note. The figure reports the IRF of inflation to a 1% increase in f,, for different calibrated
values of v, between 0.0 and 0.95, when labor force participation is constant (panel A) and when

it is endogenous (panel B). The remaining parameters are calibrated as discussed in Section 3.6.

Figure 8. IRF's of inflation to a contractionary demand shock for different degree of wage

rigidities

A. Constant labor force B. Endogenous labor force
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Note. The figure reports the IRF of inflation to a 1% decrease in &, for different calibrated
values of v, between 0.0 and 0.95, when labor force participation is constant (panel A) and when

it is endogenous (panel B). The remaining parameters are calibrated as discussed in Section 3.6.
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Figure 9. IRF's of labor market tightness to a contractionary supply shock for different degree

of real wage rigidities

A. Constant labor force B. Endogenous labor force
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Note. The figure reports the IRF of labor market tightness to a 1% increase in p,, for
different calibrated values of 7, when labor force participation is constant (panel A) and when it

is endogenous (panel B). The remaining parameters are calibrated as discussed in Section 3.6.

Figure 10. IRF's of labor market tightness to a contractionary demand shock for different

degree of wage rigidities

A. Constant labor force B. Endogenous labor force

N

Note. The figure reports the IRF of labor market tightness to a 1% decrease in &, for
different calibrated values of v, between 0.0 and 0.95, when labor force participation is constant

(panel A) and when it is endogenous (panel B). The remaining parameters are calibrated as

discussed in Section 3.6.
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Appendix

Steady state relations

Aggregate hirings in steady state are:

M=fIN-Q1-p)E

In steady state hiring costs represent the following fraction of GDP hirins costs _ BIZM

GDP Y
Bf*IN-(1-p
Y

)E] " Also note that the steady state relationship between E and N is:

f
1—-(1=p)(1=f)

After inserting the above equation in the previous expression for the steady state ratio

E= N

between hiring costs and GDP, simple manipulations yield the following equation:

hiring costs B f"M
GDP Y

=Bf"p

Accordingly, we have % = % =1- Bf# = 1— B f"p. Thus, steady state consumption
is:

C=(Q1-Bf"p)E
From Eq. (17) we obtain:

1—nh
1—hp

The steady state unemployment rate is:

(W) =L (1— Bf"p) +IBf"[1 =51 —p) (1= f)]

u_ 1—-(1-p)
A R yowys)
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