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using a structural VAR model. We then develop a DSGE model with search frictions where
job separation is endogenously determined. Our model can capture the empirical pattern of
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shock. We also demonstrate that model’s predictions are in contrast with earlier studies that
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1 Introduction

Recently, a number of studies examine effects of fiscal expansion on unemployment in dynamic
stochastic general equilibrium (DSGE) models (Yuan and Li, 2000; Monacelli et al., 2010; Cam-
polmi et al., 2011; Briickner and Pappa, 2012). They incorporate labor search frictions into an
otherwise standard DSGE model and study effects of fiscal stimuli in the form of government
spending and hiring subsidies on the economy. One of common features of these studies is ex-
ogenous job separation. They assume that while a worker’s transition rate from unemployment
to employment is endogenously determined through a matching market, employed workers
lose their jobs due to exogenous separation shocks and thus a transition rate from unemploy-
ment to employment is exogenous. However, recent empirical studies demonstrate that unem-
ployment dynamics is determined by both inflow and outflow rates of unemployment, and find
large variations in both inflow and outflow rates over business cycles (Elsby et al., 2009; Fujita
and Ramey, 2009).! This suggests that taking into account both hiring and firing margins is
important to study effects of fiscal policies on unemployment.

This paper re-visits effects of fiscal policies on unemployment and employment by focusing
on both hiring and firing margins. We first provide evidence that an increase in government
spending increases the job finding rate and reduces the separation rate, lowering the unem-
ployment rate in the U.S. by using a structural VAR model. We then develop a DSGE model
with search frictions in which workers’ transition between employment and unemployment are
endogenously determined. Our model captures the empirical pattern of responses of the job
finding, separation, and unemployment rates to a government spending shock.

The predictions of our model are in contrast with earlier studies that assume exogenous
job separation. First, while both models with and without endogenous separation generate a
similar pattern of responses of unemployment to a positive government spending shock, the
model with endogenous separation generates a larger impact of the shock on unemployment
than the model without endogenous separation. The magnitude in our model is much closer
to the data than one obtained in the model without endogenous separation. Second, while
a positive government spending shock increases vacancies in the model without endogenous
separation, it reduces vacancies in the model with endogenous separation. Since an increase in
government spending increases vacancies in the data, our model fails to capture the empirical
pattern of responses of vacancies.

The different responses in the model economies with and without endogenous separation

IRecently, several studies investigate the contribution of inflow and outflows rates to the unemployment variabil-
ity over the business cycle. For the United States, Hall (2005) and Shimer (2012) claim that the outflow rate dominates
and the inflow rate is acyclical. In contrast, Elsby et al. (2009) and Fujita and Ramey (2009) find a greater role for
inflow rates that account for around half of cyclical changes in unemployment. For European countries, Petrongolo
and Pissarides, (2008) and Elsby et al. (2009) find approximately a 50:50 inflow/outflow split to unemployment
variation.



are the consequence of both i) the relatively large responsiveness of the separation margin and
ii) the feed-back effect of job separation on job creation. In the model with endogenous sepa-
ration, a positive government spending shock substantially reduces the number of job seekers
by lowering job separation, which in turn makes vacancy positing less attractive. However, the
reduction in separation is large enough to compensate the reduction in job creation and thus
reduces unemployment.

We also study the effect of fiscal stimulus in form of hiring subsidies on the labor market.?
The most striking finding is that the effect of increases in hiring subsidies on unemployment
differs between models with and without endogenous separation. While a positive hiring sub-
sidy shock reduces unemployment in the model without endogenous separation, it increases
unemployment in our model. When a hiring subsidy increases, the cost of positing vacancies
falls. A decrease in vacancy cost has two counteracting effects on unemployment in our model.
On one hand, it increases firms’ incentive to post vacancies, leading to a lower unemployment.
On the other hand, it induces more separation by reducing the opportunity cost of continuing
existing matches. Under the plausible parameter values, the latter effect dominates the former
one. As a result, a positive hiring subsidy shock increases unemployment.

Our work is related to a number of recent papers that study effects of fiscal policies on the
labor market. Conventional wisdom says that an increase in government expenditures reduces
the unemployment rate. Monacelli et al. (2010) estimate a structural VAR model and obtain
a similar conclusion for the U.S. They also demonstrate that a New Keynesian model (NKM)
with search frictions is able to match their empirical observations. In contrast, Yuan and Li
(2000) estimate an alternative VAR model still with U.S. data and obtain the opposite result that
an increase in government expenditures reduces employment. To interpret their findings, they
build and estimate a real business cycle model with search frictions and extensive and intensive
margins. Briickner and Pappa (2012) estimate a VAR with data from several OECD countries
and show that in most cases, an increase in government spending increases the unemployment
rate. They build a NKM with search frictions and workers” participation choices to reproduce
the data. None of these papers considers hiring subsidy and endogenous job separation.

By considering hiring subsidies, this paper is close to Campolmi et al. (2011) and Faia et al.
(2013). To study the effects of hiring subsidies, Campolmi et al. (2011) develop a NKM with
search frictions and endogenous participation, assuming job separation is exogenous. Thus,
our paper can be viewed as a complement to Campolmi et al. (2011). Faia et al. (2013) also
analyze the role of hiring subsides in a NKM model with screening mechanism of heterogeneous
workers, which delivers endogenous separation. The main difference between Faia et al. (2013)

2Most of the stimuli policies undertaken in the aftermath of the Great Recession took the form of labor market
subsides. Those expenditures indeed account for 50 to 80% of the total fiscal stimuli depending on countries. An
important example is the HIRE Act and the American Job Act which focused almost entirely on introducing hiring
subsidies.



and our paper is that they consider a firing cost that dampens the increase of the job separation
rate following an increase in hiring subsidies.

The remainder of the paper is organized as follows. In Section 2, we study effects of a gov-
ernment spending shock on the U.S. labor market by using a structural VAR model. Section
3 describes the theoretical model. We develop a DSGE model with labor market frictions and
endogenous job separation. In Section 4, we calibrate the model parameters and present the
quantitative results of effects of a government spending shock on the economy. Section 5 stud-
ies the effect of a hiring subsidy shock on the economy. We also discuss the unemployment
multipliers for both government spending and hiring subsidy shocks. Section 6 concludes.

2 Empirical evidence

This section empirically examines the effects of a government spending shock on the U.S. labor
market by using a structural vector autoregressive (SVAR) model. Following Blanchard and Per-
otti (2002), we identify the government spending shock by assuming that government spending
is not contemporaneously affected by all variables in the model.> This identification scheme is
implemented by ordering government spending first in a SVAR model and using a Choleski
decomposition.

We consider a SVAR model consisting of ten variables: real per-capita government spending,
real per-capita gross domestic product (GDP), real per-capita private consumption, the nominal
interest rate on 3-month T-bills, hours worked per worker, the real wage, the unemployment
rate, the vacancy rate, the job finding rate, and the separation rate. Variables not expressed as a
rate are logged.

We obtain quarterly data on government spending, GDP, private consumption, the nom-
inal interest rate from the Federal Reserve Economic Data. The real wage is obtained by di-
viding compensation per hour from the BLS by the GDP deflator. Hours worked per worker
are obtained by dividing hours of all persons by the civilian noninstitutional population. The
unemployment rate is the quarterly average of seasonally adjusted monthly data constructed
by the BLS from the Current Population Survey (CPS). The vacancy rate is constructed from a
composite Help-Wanted Index of Barnichon (2010).* The job finding and separation rates are
constructed from the CPS short-term unemployment rate and the CPS unemployment data by
using the method of Shimer (2012).

3Monacelli et al. (2010) and Briickner and Pappa (2012) use this identification approach to investigate the ef-
fect of government spending on the labor market. Gali et al. (2007) and Perotti (2007) also use the restriction that
government spending does not contemporaneously react to changes in macroeconomic variables to identify fiscal
shocks.

“4Barnichon (2010) builds a vacancy positing index that captures the behavior of total “print” and “online” help-
wanted advertising, by combining the print-Help-Wanted Index and the online- Help-Wanted Index. We thank Regis
Barnichon for generously sharing his data with us.



The sample covers 1954:4-2013:2. The lag length of the SVAR model is based on informa-
tion criteria and set equal to two. In addition to a constant term, the SVAR model includes a
deterministic time trend up to the second order. Following Monacelli et al. (2010), we also in-
clude lags 0-4 of each of each of three dummy variables, taking values of 1 on each of the three
“Ramey-Shapiro” war dates in our sample.

Figure 1 shows that the impulse responses of the relevant variables to the government spend-
ing shock with 95% confidence bands constructed by the bootstrap method. The shock to gov-
ernment spending is normalized to 1 percentage point of GDP. We show the impulse response
functions for a horizon of 20 quarters.

Following the government spending shock, both GDP and consumption rise with peak re-
sponses at about 1.6 and 1.0 percent, respectively, after three years. Both responses are sta-
tistically significant at the 95 percent confidence level. An increase in government spending
increases the real wage. The real wage increases by about 0.8 percent after one and half year
and returns to trend very slowly. The hours worked per worker does not change significantly.
The responses of output, private consumption, the real wage, and hours worked per worker are
broadly consistent with what previous studies found (See for example, Monacelli et al. (2010)).

We now turn to see the effects of the government spending shock on labor market variables.
The positive government spending shock reduces the unemployment rate and increases the
vacancy rate significantly. The unemployment rate decreases by about 0.37 percentage points at
the peak, and the vacancy rate increase by about 0.51 percentage point at the peak.

Since unemployment dynamics are determined by the underlying flows in and outs of un-
employment, we now study the responses of the job finding rate and the separation rate to the
government spending shock. The positive government spending shock increases the job finding
rate and reduces the separation rate significantly. The job finding rate rises by about 2.0 percent-
age points at the peak after 3 years. The separation rate falls by about 0.1 percentage points at
the peak after 11 quarters. The responses of the job finding and separation rates are consistent
with the response of the unemployment rate to the government spending shock.

3 The model

Empirical evidence suggest that both hiring and firing margins play an important role when we
study the effect of a government spending shock on unemployment. This section presents a dy-
namic stochastic general equilibrium model with labor market frictions in which job separation
is endogenously determined.” By using this model, we consider the effects of fiscal stimuli, in

5Andolfatto (1996) and Merz (1995) consider a stochastic real business cycle model with search frictions and
exogenous job separation. Den Hann et al. (2000) develop a dynamic general equilibrium model with search frictions
and endogenous job separation and study propagation of aggregate shocks. While they focus on cyclical behavior of
labor market variables, this paper studies effects of fiscal stimuli on the labor market.



the form of government spending and hiring subsidies, on the economy.

Environment An economy includes households, firms and the government. Each household
consists of a continuum of infinitely-lived members normalized to one. They search for jobs
when unemployed, while they supply labor services and earn wages when employed. Firms
hire workers in a frictional labor market and produce outputs by using capital and labor. Firms
sell their products to households in a competitive market. Employment is the outcome of work-
ers’ and firms’ search behavior, while wages and labor supply are outcome of a bargaining
process. Time is discrete.

In our model, job separation is endogenously determined. Jobs differ by idiosyncratic cost of
a non-productive intermediate input which we call an operating cost. When the cost is too high,
production is not profitable. Thus, a firm-worker pair chooses a reservation cost and destroys
the job whose cost rises above it.®

Firm’s problem Production takes place when one firm is matched with one worker. When a
firm hires a worker, the firm produces output according to a constant-returns-to-scale produc-
tion function y; = A;f (ks h;), where A; is an aggregate productivity common to all firms, k; is
capital per worker, and #; is hours worked per worker.

We assume that in order to produce output, a firm-worker pair needs to pay an operating
cost x; besides labor and capital renting costs. The operating cost is idiosyncratic to each match.
The match-specific operating cost x; is assumed to be independent and identically distributed
across firms and time, with a cumulative distribution function I : [x, ] — [0,1]. Every period
an existing match draws a new idiosyncratic cost and decides whether producing output at the
new level of cost or terminating the employment relationship. Each match chooses a reservation
value %; if the match-specific cost falls below £, they continue producing output.

Besides endogenous separation, a match might be terminated for an exogenous reason in
any given period. Let p* denote the probability of exogenous separation, which is assumed
to be independent of the idiosyncratic cost, x. When job separation, either endogenously or
exogenously, occurs, production does not take place and the firm can either reopen a job as a
new vacancy or withdraw from the labor market, while the worker becomes unemployed.”

Labor market The labor market is subject to frictions in which firms and workers cannot meet
instantaneously but must go through a time-consuming search process. The labor market is

%We incorporate endogenous separation by having idiosyncratic additive operational costs as opposed to multi-
plicative idiosyncratic productivity as seen in Mortensen and Pissarides (1994). This is because multiplicative idio-
syncratic productivity would lead to heterogeneity in hours per worker across matches, while the additive idiosyn-
cratic operational cost leads to homogenous hours across matches.

"Note that in equilibrium firms are indifferent between these two options due to free entry.



modeled in the style of a search and matching model developed by Mortensen and Pissarides
(1994). The number of successful job matches is determined by the matching function m; =
m(u,vt), where u; is unemployed workers searching jobs in the period ¢, and v; is number of
vacancies posted. The matching function is continuous, twice differentiable, increasing in its
arguments, and exhibits constant returns to scale. The probability of a firm with a vacancy
being matched with a worker is given by m(u;/v;, 1) = q(6;), where 6; = vy /u; is labor market
tightness. Then, the probability that an unemployed worker is matched with a firm with a
vacant job is m(1,v;/uy) = 60:9(6;) = p(6). Note that both firms and workers take g; and p;
as given. It is assumed that workers and firms that are matched in the period t begin active
employment relationship at the beginning of the period t + 1.

Timing of the model The timing of the model is as follows. At the beginning of each period,
every firm with a filled job draws an idiosyncratic cost and observes whether or not an exoge-
nous separation shock hits the job. After observing all the shocks in the period, the firm-worker
pair may choose to separate endogenously. If either exogenous or endogenous separation takes
place, the firm-worker pair does not produce anything in the period. After job separation oc-
curs, the levels of employment and unemployment are determined. At the point, matched firms
start production, and unemployed workers search for jobs. At the end of the period, wages are
paid and the firm’s profits are distributed to the households, and households make consumption
decision.

Household’s problem A representative household consists of a continuum of individuals of
mass one. A member of the household is either employed or unemployed. In the period ¢,
a fraction n; of the household’s members are employed, and a fraction of u; are unemployed.
Following Merz (1995), we assume that family members perfectly insure each other against
fluctuations in consumption.

The household’s expected life time utility is given by

SHERI L
E - , 1
ot;oﬁ 1= Py @D

where B € (0,1) is the household’s subjective discount factor, C; is consumption of the house-
hold, and F; is the individual hours worked. ®; > 0 measures the disutility of working, u
is the inverse of the Frisch elasticity of labor supply, and 1/¢ is the intertemporal elasticity of
substitution.

Employed household members earn wage, and unemployed household members receive
unemployment benefits z from the government. The household receives profits I1 from firms
and pays lump sum taxes T to the government. The household may either consume C or ac-
cumulate capital K through investment I according to K;11 = (1 —9)K; + I;, where J is the



depreciation rate.
The budget constraint of the representative household is

Ct+Kt+1+Tt:Wt+MtZ+(1_5)Kt+rth+Ht/

where r; denotes the real rental rate of capital and W is the total wage income for the household,
which will be explained latter.

The household chooses C; and K;;; to maximize (1) subject to its budget constraint. Let
A+ be the Lagrange multiplier on the budget constraint. Then, the household’s problem yields
following first-order conditions:

C;a = A4 (2)
At = BEAy1 (1—06+7141). 3)

Value functions The problems of firms and workers are characterized by the Bellman equa-
tions. The value of a filled job with an idiosyncratic operating cost x;, J;(x;), satisfies

i) = max{Aif (ki he) = il —rike = xi By [(1-p / Fro1 (x41)dT (x151)
+ 1= (1= p")T(Zy1)] Vesa]}, 4)

where B, = BA;11/ A is the stochastic discount factor, w;(x;) is wage paid to the employee,
and V is the value of a firm with a vacant job. The value J;(x;) is determined by several factors.
During the current period, a firm with a filled job produces A; f (k;, h;), and pays wages w(x;)hy,
the rental cost of capital r:k;, and the operating cost x;. In the following period, if the match is
not destroyed by an exogenous shock and if the idiosyncratic cost is below the reservation value
%t+1, the match continues and obtains J;4+1(x;11); otherwise, the match is destroyed and the
firm gets the value of posting a vacancy V.

The first-order condition for the capital is

Atfk(kt/ ht) =Tt (5)

This implies that the optimal capital is chosen to equate the marginal product of capital to the
capital rental rate.
The value of a firm with a vacant job is

Vi=—-1-1)7r+Ep, { / T2 (x41)AT (xp41) + [1 = qe(1 — p")I(Xp41)] Vt+1}
(6)

where 1 is a flow cost of posting a vacancy, and ¢ is a subsidy to the cost of posting the vacancy.®

8 As Campolmi et al. (2011) suggested, fiscal stimuli have taken various forms in practice. In the aftermath of the
2007-2008 crisis, expansionary fiscal package implemented in various countries were largely devoted to facilitate job
creation. The American Jobs Act passed by the Obama administration is an example. Following Campolmi et al.
(2011), we incorporate subsidies to the cost of positing vacancies in order to study effects of fiscal policies targeted
particularly at the labor market.



In equilibrium, all profit opportunities from new jobs are exploited, so that the following
free entry condition holds:
Vi=0.

Total profits of firms in the economy are defined as follows:
I = [Asf (ke he) — rike] ne — % — Wi — (1 — 1¢) 04,
ny

(%)
fined as the average wage, conditional on working, times the number of employed workers and

where ¥; =

fxft xdT(x) is total operating costs. Total wages paid to the workers are de-

working hours. Thus,
ntht

W= £z / " ()T ().

We now turn to the worker’s side. The value of an employed worker in a job with idiosyn-
cratic cost x;, Wi (x¢), is characterized by the following Bellman equation:

Wixe) = wi(x)h — q)/(\ilt) +Ep {(1—p") /jm Wi (xp41)dl (x141)

+ 1= (1 —p") [(Ze1) ] Ups1}, ()

where U is the value of an unemployed worker and ®(h;)/A; = q)oh}ﬂl /At (1+ p) is the disu-
tility from supplying labor in terms of consumption. The value of an employed worker is com-
posed of the wage, the disutility from supplying labor, and the continuation value, which is the
value of being employed if the match is not destroyed, or the value of being unemployed if it is
destroyed.

The value of an unemployed worker is

Ur = z + B, {Pt(l —p") /jm Wit (xp01)dTl (xp51) + [1 = pr(1 = 0" (Fr11)] z/ft+1} ()

An unemployed worker receives the unemployment benefit z, and matched with a firm with
a vacant job with probability p;. If the match is not destroyed by the exogenous shock and
the idiosyncratic cost for the match is below the reservation value %;;, the worker will be em-
ployed in the following period and obtain the value of being employed; otherwise, she remains
unemployed and obtains the value of being unemployed.

Wage determination and hours choice Wages and hours worked are determined as the out-
come of a bilateral bargaining process between workers and firms. In each period, firms and
workers negotiate through Nash bargains. Thus, wage and hours worked are chosen to maxi-
mizes the Nash product

max (Wi (x) = Us)" (Fi(x) = Vi)' ™",

wy(x¢), My



where 77 € (0,1) denotes a worker’s bargaining power.
The first-order conditions with respect to w(x) and & yield the wage equation

d(h
we(xe)hy =1 [Aef (ke he) — xp — reke + (1= 77) 70 + (1 — 17) </(\tt) + Z) , )
and the hours supply equation
@'(ht)
Arfalke ) = 5 (10)

The wage equation is similar to the one in the typical search-and-matching model.’ The wage is
a weighted average of the marginal revenue product and the cost of replacing the worker, and
the outside option of the worker, which consists of unemployment benefits and the marginal
disutility of labor. The hours supply equation states that hours worked is determined by equal-
izing the marginal product of hours and the worker’s marginal rate of substitution between

leisure and consumption.

Job separation and creation A match is destroyed when the idiosyncratic cost is so high that
it makes the match surplus to zero. Let S(x) be the joint gross return from a match with idio-
syncratic cost x. Then, the match surplus function is given by

St(xt) = .Z(xt) + Wt(xt) — Z/[t — Vt. (11)

Using equations (4), (7), (8), and (11) with the free entry condition, we obtain

d(h
Si(xy) = Asf(ke, he) — xp — reky — ;tt) —
+E:B; (1=pm) (1—p") | St1(xp41)dT (x41). (12)

Since the surplus function S;(x;) is strictly decreasing in x;, the firm and the worker choose a
reservation policy, i.e., they will continue their match if S;(x;) > 0 but stop if S;(x¢) < 0. Thus,
separation takes place at x; > &, where £, is defined by S;(%;) = 0. Note that the reservation
value at the time the match is formed is the same as the one at match dissolution.

Evaluating (12) at x; = ¥;, we obtain the expression for the reservation threshold:

Fr1 cI)(ht)

Aif (ki he) — X — riki + BB, (1 — pin) (1 —p%) St1(x141)dl (xp11) = 2+ At

(13)

We refer to this as the job destruction condition. The left-hand side of (13) is the marginal value
of job continuation under the reservation value %. The first three terms represent the current
productivity gain, and the fourth term is the option value of retaining an existing job. On the
right-hand side of (13) is the marginal value of destruction (or the marginal opportunity cost of

9See, for example, Mortensen and Pissarides (1994) and Pissarides (2000).

10



continuation) of a job. The job destruction condition says that the optimal reservation value ¥
should be set so as to equalize marginal benefit of continuation and destruction of the job.
By using (4), (6) and the free entry condition, we have the following job creation condition:

(1 B Tf)’)’ x Tt
5 = (1-p )]Et:Bt/ [App1f(kesa, b)) — X1 — Wi (X1 ) g1 — Frake
+(1 = t1) 7/ g AT (xe11). (14)

The job creation condition states that expected cost of positing a vacancy, the left-hand side of
(14), is equal to the firm’s share of the expected new surplus from a new job match, the right-
hand side of (14).

Labor market dynamics Let N; be the number of employed workers at the beginning of the
period t. Then, the evolution of N; is given by

Nt+1 = (1 — px) r(ft)Nt + my = ny + my. (15)

Note that due to endogenous and exogenous separation, the number of employed workers who
produce output in the period t is n; = (1 — p*) I'(%;)N;.
The number of unemployed workers is determined by

Uy = 1-— (1 — px) F(ft)Nt =1- ng. (16)
The job finding rate and the separation rate are given by p; and p* + (1 — p*) (1 —T'(&)),

respectively.

Government policy and resource constraint The government finances government spending
G, unemployment benefits u;z, and the subsidy to the cost of posting the vacancy t{yv; by
imposing the lump-sum tax 7; to households. The government budget constraint is thus given

by
Tt = Gt + uz + 77 yoy. (17)

The government spending, G;, follow the exogenous stochastic processes:
log(Gt) = (1 —pg)log(G*) + pg log(Gt-1) + &G 1,

where e5; is i.i.d. innovation and G* denotes the steady-state government spending. Similarly,
a hiring subsidy takes the following form:

log(7) = (1= ) 10g(T™) + pro 10g(Ti_1) + €xvt,

where €0 is i.i.d. innovation and 7* denotes the steady-state hiring subsidy.

11



Aggregate output and capital are obtained by

Y; = ntYs, (18)
Ky = niky, (19)

respectively.
By combining the household and government budget constraint:

Ct + Kt+1 — (1 — 5) K: + G + YO + X = Y:, (20)

which implies that aggregate production must equal private and public demand.

Equilibrium A competitive equilibrium is a set of prices {r:, w:(x;)}{2, and an allocation
{Yt, Kt+1, Ct, kt, ng, ug, 0, Gt, X+, ht}?ozo which satisfy that

(i) agents optimizes, i.e. the household’s optimal conditions (2) and (3), value functions and
the free entry condition, the capital rental optimal condition (5), the optimal hours condi-
tion (10), the wage equation (9), and the job destruction condition (13) are satisfied;

(ii) resource constraint (20), aggregate capital and output equations (18)-(19), and labor equa-
tions (15) and (16);

(iii) the government budget constraint (17).

4 Quantitative analysis

In this section, we examine the dynamic responses of our model economy to a government
spending shock. We first calibrate the model to match several dimensions of the U.S. data.
We then solve the model by approximating the equilibrium conditions around a non-stochastic
steady state and simulate it. We also assess the contribution of endogenous separation and a
flexible intensive margin to our results by examining models without endogenous separation
and a flexible intensive margin. This experiment allows us to determine whether or not the
results of our model crucially depend on the incorporation of endogenous separation and the
flexible intensive margin.

4.1 Basic calibration

In order to study effects of fiscal stimulus on labor market variables, we calibrate the model to
match certain U.S. economy facts. Specifically, we set the steady-state vacancy-unemployment
ratio, the job-finding rate, and the separation rate to the observed average values in the U.S.
economy. We choose the model period to be one month.!’ We set the discount factor g = 0.996

10As Monacelli et at. (2010) argue, the job finding rate in the US is quite high, so unemployed workers on average
find a job within a quarter. In order to capture this feature, we choose to calibrate the model at a monthly frequency.

12



to match the annual real interest rate of approximately 4 percent. The relative risk aversion
parameter o is set to 2. We calibrate ®( such that the implied steady-state value of hours worked
is 1/3. We set u = 2 implying the elasticity of intertemporal substitution in the hours supply of
0.5, which is consistent with evidence for the U.S.

We assume that the matching function is Cobb-Douglas, given by m(u;,v;) = moufvz_g,
where my is the matching constant and ¢ is the matching elasticity with respect to unemploy-
ment. The elasticity parameter ¢ is set to 0.5, as suggested by Petrongolo and Pissarides (2001).
We assume that the worker’s bargaining power 7 is 0.5, as has become standard in the literature.
This choice also guarantees that Hosios (1990) condition is satisfied.

We target the steady-state vacancy-unemployment ratio to 0.72, as reported by Pissarides
(2009).  Monthly transitions data from Shimer (2005) gives a mean value of 0.594 for the
job finding rate and 0.036 for the job separation rate between 1960 and 2004. In order to pin
down the scale parameter my, we combine the monthly job finding rate with the vacancy-
unemployment ratio.

We now turn to parameters related to job separation. Silva and Toledo (2009) use evidence
provided by Davis, Faberman, and Haltiwanger (2006) and Nagypal (2004) to determine the
exogenous and endogenous components of the separation rate. They assume that endogenous
job separation accounts for, on average, 35% of total separations. Since we target a total sep-
aration rate of 0.036, we set the monthly exogenous separation rate at p* = 0.0234. Following
Mortensen and Pissarides (1994), we assume that the idiosyncratic cost distribution I is uniform
in the range [0, {], so that I'(x) = x/. The parameter { is chosen to match the monthly endoge-
nous job separation rate. See Pissarides (2007) and Elsby and Michaels (2008) for the similar
calibration strategy.

The production function is specified by y = Ak*h!~*. We normalize A = 1 and set the capital
share « = 1/3. The standard annual capital depreciation rate is 10%, so we set a value of ¢ to
0.1/12 per month. Following Shimer (2005), the vacancy cost 7y is obtained from the steady-state
solutions of the model.

We target the unemployment benefits z to be 40% of the average wage of employed workers
in the economy.!? Following Campolmi et al. (2011), we set the steady-state value for govern-

HThe sample mean for the vacancy-unemployment ratio in 1960-2006 is derived by using JOLTS data since De-
cember 2000 and the Help-Wanted Index adjusted to the JOLTS units of measurement before then.

12This parameter has been the subject of some discussion. Shimer (2005) sets z/@ = 0.4, where @ is the average
worker’s wage, in order to capture the unemployment benefits. Hagedorn and Manovskii (2008) argue that Shimer’s
choice of the value of the opportunity cost of employment is too low because it does not allow for the value of
leisure, home production, or unemployment benefits. They calibrate the opportunity cost of employment and the
worker’s bargaining power to match the observed cyclical response of wages and average profit rate. Their results
are z/®@ = 0.955 and # = 0.052. Mortensen and Nagypal (2007) criticize Hagedorn and Manovskii (2008) for using
these parameters because these parameters yield workers a gain of 2.8% inflow utility by going from unemployment
to employment. Hall and Milgrom (2008) use the empirical literature on household consumption and labor supply
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ment spending to output ration G/Y = 0.15 and the steady-state level of the hiring subsidy
%" = 0.01. The autocorrelations of government spending p and of the hiring subsidy p.. are
set to 0.91/3. The parameter values are summarized in Table 1.

Selected endogenous variables in the steady state under the calibrated parameter values are
reported in Table 2. Labor market tightness, the job-finding rate, the separation rate are equal to
their target values.

4.2 Effects of a government spending shock

We now study dynamic responses of the economy to a government spending shock. The solid
lines in Figure 2 display impulse responses of relevant variables to an increase in government
spending corresponding to 1 percent of steady state output.

An increase in government spending increases output and hours worked per worker. On
the impact, both output and hours worked per worker rise and in the following periods, they
decrease and gradually return to their steady-state values. A negative wealth effect increases
hours worked per worker, leading to higher output that each match produces. Furthermore, as
seen below, the increase in government spending raises the employment level, which further
increases total output of the economy. The positive government spending shock crowds out
private consumption. Thus, the model fails to account for the consumption dynamics in the
data.!3

We now turn to see the dynamic responses of labor market variables to the government
spending shock. An increase in government spending leads to a significant fall in the unemploy-
ment rate. It also increases the job finding rate and reduces the separation rate. The pattern of
responses of these labor market variables to the government spending shock is consistent with
the empirical findings in Section 2. However, the model cannot consistently capture the em-
pirical pattern of responses of vacancies. While an increase in government spending increases
vacancies in the data, it reduces vacancies in the model.

These movements in labor market variables can be explained as follows. A positive gov-
ernment spending shock induces a negative wealth effect that raises the value of the match’s
surplus by reducing the value of non-work activity, in particular by reducing the component
associated with the disutility from supply hours of work. The higher surplus, shared between
the firm and the worker by Nash bargaining, in turn raises job creation and reduces job destruc-
tion, when other things equal. However, the reduction in job seekers associated with the lower

and estimate the value of z/@w = 0.71.

13 Although our model cannot empirically consistent responses of consumption, the fact that government spending
shock crowds out consumption is in line with the prediction of a standard neoclassical model (see, for example,
Baxter and King, 1993). The improvement in tracing the actual consumption dynamics is left for our future research.
A number of studies consider mechanisms that make consumption responses in theory become consistent with the
data. See for example, Gali et al. (2007) and Linnemann (2006).
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job separation reduces the probability that a firm with a vacancy finds a worker and thus dis-
courages hiring. Under the baseline calibration, job creation goes down, but the reduction in
separation is large enough to reduce unemployment.

While our model can qualitatively capture the empirical pattern of responses of the unem-
ployment, job finding, and separation rates to the government spending shock, it fails to account
for the size of the impact of the shock on these variables. In the model, at the peak, unemploy-
ment and separation rates fall by about 0.14 percent and 0.32 percent, respectively. In contrast,
in our SAVR estimates, they fall by about 0.37 percent and 0.1 percent, respectively. While the
job finding rate increases by about 0.18 percent at the peak in the model, it increase by about 2.0
percent in our empirical evidence.

4.3 The role of endogenous job separation

The prediction of our model is in contrast with that of a model without endogenous job sep-
aration. For comparison, we develop a version of our model in which separation takes place
due to only exogenous shocks. We then simulate a quantitative version of the model using our
calibration strategy.!* The results are also shown in Figure 2.

The striking finding is that the responses of the model economies with and without endoge-
nous job separation are different. First, the pattern of responses of vacancies differs between two
models. This can be explained as follows. In the model with endogenous separation, a positive
government spending shock can substantially reduce the number of job seekers (unemployed
workers) by lowering job separation, which in turn makes vacancy posting less attractive.

Second, the model with endogenous job separation generates a larger impact of the gov-
ernment spending shock on unemployment. In our model, unemployment falls by about 0.14
percent at the peak. On the other hand, it falls by about 0.04 percent at the peak in the model
without endogenous separation. This is far below the estimated magnitude in Section 2. In our
SAVR estimates, in response to a positive government spending shock, unemployment falls by
about 0.37 percent at the peak. Although the magnitude in our model is still short of its esti-
mate, it is much closer than the one obtained in the model without endogenous separation. It
is also important to note that the response of the job finding rate in the model with endoge-
nous job separation is smaller than that in the model without endogenous job separation. While
the job finding rate increases by about 0.18 percent at the peak in the model with endogenous
job separation, it increases by about 0.59 percent at the peak in the model without endogenous
job separation. This is because a reduction in job seekers associated with lower job separation
discourages hiring and thus reduces the job finding rate in the model with endogenous job sep-
aration.

141t is note that the two economies share the same steady-state values of the vacancy-unemployment ratio, the
job-finding rate and the separation rate.
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4.4 Role of intensive margin

In our model, a baseline transmission mechanism of the government spending shock in the
economy is an increase in the value of match’s surplus due to the negative wealth effect. The
negative wealth effect associated with a rise in government spending reduces the leisure cost
of supplying hours of work, increasing the match’s surplus. A key to this channel is having
adjustment of the labor input at an intensive margin, since this introduces a benefit from being
unemployed expressed in leisure gains, which affects the value of the match’s surplus.

We now study the role of the intensive margin to our results. In Figure 2, we present the
responses of an economy that is otherwise identical to our benchmark model expect for the as-
sumption of the hours worked channel. Specifically, we consider a version of our model with
fixed hours worked per worker. The value of hours worked is set to 1/3, the same to our bench-
mark model.

Qualitatively, the models with and without the hours worked decision display a similar pat-
tern in response to a government spending shock. However, their sizes of impact are different.
Figure 2 shows that the responses of labor market variables in our baseline model are smaller
than those in the model with fixed hours worked. This is because an increase in the match’s
surplus due to the negative wealth effect in our baseline model is smaller than that in the model
with fixed hours worked. In our baseline model, the negative wealth increases hours worked
per worker. This lowers the match’s surplus by increasing the disutility from supplying hours
of work.

5 Discussion

In this section, we first study the effect of a hiring subsidy shock on the labor market variables
in the model with endogenous job separation. We then calculate unemployment multipliers for
both government spending and hiring subsidy shocks. Finally, we examine how the degree of
persistence of a government spending shock affects the model’s prediction.

5.1 The effect of hiring subsidy

We now study the dynamic responses of our economy to a hiring subsidy shock. Figure 3 shows
impulse responses of labor market variables to a one percentage point increase in the subsidy to
the cost of posting a vacancy.

An increase in the hiring subsidy leads to higher job creation and higher job separation. The
rise in job separation is due to the fact that the hiring subsidy makes separation less costly as it
reduces the search cost to be paid to find a new match in the case of separation. In this case, the
response of the separation margin reinforces the response of the hiring margin by expanding
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the pool of job seekers. However, under the calibrated parameter values, the increment of job
separation exceeds that of job creation, and thus unemployment increases.

In order to assess the contribution of endogenous job separation to our results, we study
effects of the hiring subsidy shock in the model without endogenous job separation. Results are
also shown in Figure 3.

The most striking finding is that predictions of models with and without endogenous job
separation are incompatible with respect to the response of unemployment. The model with-
out endogenous job separation predicts a decreased unemployment in response to the positive
hiring subsidy shock, which is opposite to what the model with endogenous job separation
predicts.

This difference is the results of incorporating endogenous job separation into the model. The
incorporation of endogenous job search gives rise to a new channel through which a positive
hiring subsidy shock increases unemployment: an increased separation rate. When the hiring
subsidy increases, the cost of positing vacancies falls. A decrease in job creation cost also reduces
the opportunity cost of continuation of an existing job. This induces more separation, leading to
a higher unemployment.

Equally important, models with and without endogenous separation generate quantitatively
different results. Specifically, although both models predict an increase in vacancies in response
to positive hiring subsidy shocks, their sizes of the impact differ. While vacancies rise by about
0.15 percent at the peak in the model with endogenous job separation, it rises by about 0.06 per-
cent at the peak in the model with exogenous job separation. Thus, the model with endogenous
separation generates a larger impact of the hiring subsidy shock on vacancies than the model
without endogenous separation. This is because, in the model with endogenous separation, an
increase in unemployment due to the shock expands the number of job seekers and facilitates
firms to find workers. This induces more vacancy postings.

5.2 Fiscal multipliers

In the literature, some studies argue that hiring subsidies deliver larger multipliers than gov-
ernment spending. However, this result is usually obtained in models without endogenous
separation. We now compute unemployment multipliers for both traditional increases in gov-
ernment spending and increases in hiring subsidies in our model, and compare our results with
those in the model without endogenous separation.

Following Faia et al. (2013), we compute the net present value fiscal multipliers:

Z{:l ,Bi_l (Upyi —u)
Y BT Qi — Q)

where (); = G; for the government spending multiplier, while (); = vt} for the hiring subsidy

UMultit,t_H' =

multiplier. The variables without time subscript denote the steady state values of them.
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Figure 4 shows the results. When separation is merely due to exogenous shocks, the unem-
ployment multiplier for hiring subsidies is larger (in absolute value) than that for government
spending. This implies that hiring subsidies are more effective than government spending if the
fiscal authority is concerned about unemployment. This results is in line with the existing stud-
ies, such as Campolmi et al. (2011). However, once the assumption of exogenous separation is
relaxed, the prominence of hiring subsidies does not hold anymore. In the model with endoge-
nous separation, an increase in hiring subsidies instead increases unemployment, and thus the
unemployment multiplier is positive. On the other hand, as in the model without endogenous
separation, a positive government shock reduces unemployment. Therefore, in general, the
multiplier for government spending is larger (in absolute value) than that for hiring subsidies.

5.3 Role of persistence

We now examine how the degree of persistence of fiscal policies affects models” outcomes. As
Faia et al. (2013) argue, although the time series data of government spending is fairly persis-
tent in normal times, the government might use fiscal stimulus in a discretionary and episodic
fashion during extreme recessions. Furthermore, Mayer et al. (2010) demonstrate that effect of
a government spending shock on the labor market depends on the degree of persistence of the
shock in a model without endogenous separation. Thus, it is worth studying how the degree of
persistence of fiscal policies affects the labor market in a model with endogenous separation.

Figure 5 displays dynamic responses of labor market variables to a government spending
shock for three different values of p It 0.75'/3 (low), 0.90'/3(middle), and 0.95'/3 (high). Effects of
the government spending shock on labor market variables depend on the degree of persistence.
When the shock is short-lived, the size of the impact of the government spending shock on labor
market variables becomes smaller.

6 Conclusion

Recent empirical studies of the U.S. labor market suggest that in order to study the unemploy-
ment dynamics, it is important to take into account both hiring and firing margins. Focusing on
both hiring and firing margins, this paper studies the effect of fiscal expansion on the labor mar-
ket. Our empirical analysis demonstrates that an increase in government spending increases the
job finding rate and reduce the separation rate, lowering the unemployment rate. To account
for these empirical findings, we develop a dynamic stochastic general equilibrium model with
search frictions in which job separation is endogenously determined. We then consider fiscal
stimuli in the form of government spending and hiring subsidies. Although our model can gen-
erate a similar pattern of responses of the job finding, separation, and unemployment rates to a
government spending shock, it fails to account the empirical pattern of responses of vacancies.
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The predictions of our model are in contrast with earlier studies that use models without en-
dogenous job separation. First, our model generates a larger size of the impact of a government
spending shock on labor market variables than the model without endogenous job separation.
Second, while an increase in hiring subsidies reduces unemployment in models without en-
dogenous job separation, it increases unemployment in our model.

A number of important issues remain for future research. One issue to be considered is
a more realistic fiscal setup with distortionary taxes. In our model, the government relies on
lump-sum taxes and a balanced budget. It is worth exploring how the economy with a realistic
fiscal setup responds to a distortionary fiscal policy, in the form of not just a spending shock but
also a tax shock. Also, it is worth considering the role of workers” on-the-job search when we
analyze effects of fiscal stimuli on the labor market. Recent empirical studies of the U.S. labor
market reveal that a large fraction of worker leavings jobs move to new jobs without intervening
unemployment and this job-to-job flow is pro-cyclical (Fallick and Fleishman, 2004; Nagypal,
2004). This fact suggests that in order to study the cyclical behavior of labor market variables, it
is necessary to use a model in which workers’ transition between employment, unemployment,
and across jobs are endogenously determined. Examining the effects of fiscal policies on labor
market variables by using a model with on-the-job search is a fruitful avenue for research.
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Table 1: Parameter values

Parameter Description Value  Source/Target

B Discount factor 0.996  Data

0 Depreciation rate 0.1/12 Data

A Aggregate productivity 1.0 Normalization

x Parameter in production function 0.333  Data

mo Matching efficiency 0.70 Job-finding rate

¢ Matching elasticity 0.5 Petrongolo and Pissarides (2001)
o* Exogenous separation rate 0.023  65% of total separations
4 The upper support of 0.678  35% of total separations
o4 Relative risk aversion parameter 2.0 See text

P Disutility of labor 64.31  Set to targeth = 1/3

U Frisch elasticity 2.0 See text

z Unemployment benefits 0.324  Replacement rate 40%

n Worker’s bargaining power 0.5 Hosios (1990) condition
Y Vacancy cost 0.134 v —uratio

T Hiring subsidy rate 0.01 See text

0c Gov. spending autoregressive parameter  0.9'/3  See text

o Hiring subsidy autoregressive parameter 0.9'/3  See text
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Table 2: Model solutions

Variables Description Solution
0 Labor market tightness ~ 0.72
X Reservation cost 0.67
u Unemployment rate 0.059
v Vacancy 0.042
n Employment rate 0.941
p Job-finding rate 0.594
- Separation rate 0.036
h Hours worked 0.333
C Aggregate consumption 0.696
G Government spending ~ 0.244
T Lump-sum tax 0.263
Y Aggregate output 1.625
I Aggregate investment 0.365
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Figure 1: The dynamic effects of a positive government spending shock

Note: The shock to government spending is normalized to one percentage point of GDP. The
horizontal axis represents quarters after the shock. Dashed lines indicate the 95 percent confi-
dence bands, constructed by the bootstrap meﬂﬂ)d. Sample period covers 1954:4-2013:2.
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Figure 2: The solid lines labeled "Endo. Sep" plot the impulse responses to a positive gov-
ernment spending shock in our model. The dashed lines labeled "Exo. Sep" plot the impulse
responses in the model without endogenous job separation. The dash-dotted line labeled "w /o
int. marg" plot the impulse responses in the model with fixed hours worked (h=1/3). The verti-
cal axis represents percentage deviations from the steady-state value of the variable of interest.
The horizontal axis represents months after the shock.
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Figure 3: Responses to a one percentage point increase in the hiring subsidy

Note: The solid lines labeled “Endo. Sep” plot the impulse responses to a positive hiring subsidy
shock in our model. The dashed lines labeled “Exo. Sep” plot the impulse responses in the
model without endogenous job separation. The vertical axis represents percentage deviations
from the steady-state value of the variable of interest. The horizontal axis represents months
after the shock.
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Figure 4: Unemployment multipliers

Note: The solid lines labeled "Endo. Sep" plot the unemployment multipliers in our model.
The dashed lines labeled "Exo. Sep" plot the unemployment multipliers in the model without

endogenous job separation. The horizontal axis represents months after the shock.
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Figure 5: The role of the degree of persistence of government spending shocks

Note: The solid line labeled "middle" plots the impulse response of a variable of interest to a
positive government spending shock with p = 0.9'/3. The dashed line labeled "low" plots the
impulse response to a positive government spending shock with p = 0.75!/3. The dash-dotted
line labeled "high" plots the impulse response to a positive government spending shock with

p = 0.95!/3. The horizontal axis represents months after the shock.
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