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Abstract

We analyse the effects of a government spending expansiarDSBGE model with Mortensen-
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| Introduction

In the recent financial crisis an important dimension alohgchvmany governments have taken action
has been fiscal policy. The economics profession and mutte@idademic discussion placed emphasis
on the issue of whether and to what extent a fiscal stimulugatelthe dual outcome of (i) moderating
the output collapse and (ii) boosting job creation. Thisiasss great importance also in the light of
thejobless recoveryhat the US are experiencing in the aftermath of the Grea¢&saont

As shown in Figure 1 (left-hand-side quadrant), the cyttomponent of private investment posit-
ively co-moves with that of output, exhibiting a considdyaireater volatility and leading the cyclical
deviations of the stock of capital, which lies well belowtgen the quarters following the Great Re-
cession. The cyclical component of hours worked per emgldyight-hand-side quadrant) displays
positive co-movement with the cyclical fluctuations of reatput, and the cyclical component of un-
employment is negatively correlated with that of output.wdwaer, while hours worked per employee
and output have been on a recovery path since Q2 2009 (thghtafithe great recession), the unem-
ployment rate has persistently remained well above avevage vacancy posting has remained below
average. During the recovery, overtime hours per emplogee hlso quickly increased, leading the
increase of hours and recently positively deviating froemtt more than in the pre-recession pefod.
In sum, the recovery of output has been accompanied by aegcov hours worked, while for the
stock of capital and unemployment it is taking much longeetarn to pre-crisis level3.

In this paper we analyse the effects of a government speripgnsion in a dynamic stochastic
general equilibrium (DSGE) model with Mortensen-Pissesithbor market frictions, deep habits in
private and public consumption, investment adjustmenscagonstant-elasticity-of-substitution (CES)

production function, and adjustments in employment botthatintensive as well as the extensive

LIn the literature there is still no consensus on whether tieeat recovery can be definedjablessor simplyslow, as
we document in the following section.

2Figure 1 also shows the well known fact in the business cytelature that the unemployment rate is around ten times
more volatile than output. Hours worked per employee are Veatile than output, but the volatility has the same order
of magnitude. Overtime hours, on the contrary, display ahrgreater volatility. In Table A.1 in the online appendix we
report standard deviations, correlations and autocdioelof time series in Figure 1.

3The cyclical deviations reported in Figure 1 represent ndi@mnal patterns, which are driven by a potentially large
number of shocks. Therefore, they should not be taken asriesipégarding the effects of fiscal shocks, but rather as
business cycle dynamics that motivate the analysis. Indhmamder of the paper we specifically focus on the effects of
fiscal shocks.



Figure 1. A jobless recovery
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Source: ALFRED, Federal Reserve Bank of St. Louis and astleatculations. Percentage deviations from HP-trend for
GDP, private investment, private capital, hours per emgognd overtime hours per employee; percentage deviditams
the sample mean for vacancies and the unemployment rate.
margin? This model is consistent with four empirical regularitibsitt have arisen in the literature,
namely that: (a) private consumption and (b) real wage aszdollowing a public spending expansion;
(c) the mark-up is countercyclical and falls following a govment spending shock; (d) factor shares are
time-varying at business cycle frequencies and capitalaa are gross complements in production.
The main results are that: (i) we obtain output multiplierthie high range of empirical estimates even
in the absence of nominal rigidities; (ii) we can reproduéis@al expansion with low job creation; and
(iif) we can simulate a fiscal stimulus that mitigates thepoticollapse in a recession but contains the
rise in unemployment only marginally. This scenario is irelivith what we observe in the data in the
aftermath of theyreat recession

The combination of deep habits and CES technology is crémidghe jobless outcome of a fiscal

stimulus. In fact, if the elasticity of substitution betweeapital and labor approaches one, i.e. the

4For alternative approaches on the introduction of laborketzdrictions see Gali (2011).



production function approximates a Cobb-Douglas, thegures of deep habits in consumption enables
the model to deliver magnified responses of macroeconomiablas in response to a fiscal stimulus.
As the elasticity of substitution is allowed to drop to vaue the range of available estimates —i.e. the
degree of complementarity between capital and labor ise®a while the output multiplier falls only
marginally, the unemployment multiplier experiences aaite contraction. The unequal effects on the
output and unemployment multipliers depend on the factldve¢ring the elasticity of substitution in
the CES production function is equivalent to assuming tiateéchnology is closer to the Leontief case,
i.e. capital and labor are more complements than subgtitu®éven that capital is unable to change
instantaneously in response to the fiscal expansion - paeitause it is a stock variable and partly
because of the presence of adjustment costs to investments liave smaller incentives to create
new jobs through vacancy posting, being this a costly psaocésowever, both the negative wealth
effect (coming from the absorption of resources by the gawent) and the substitution of leisure with
consumption (coming from the decline in the mark-up due équfesence of deep habits) still act in the
same direction of causing a substantial increase in thelysoppours of work per employee. In such
a case, the expansion in output is driven relatively morerbyerease in the hours of work of current
employees rather than new job creation. Thus, the CES témimavith an empirically supported
elasticity of substitution proves to be a useful tool to dimteia fiscal stimulus that mitigates the output
collapse in a recession but contains the rise in unemploy/ordy marginally.

The remainder of the paper is structured as follows. Sedtiplaces this paper in the context of
the literature and discusses similarities and differeroéesir model with previous works. Section I
describes the model. Section IV illustrates the paramét@ce. Section V presents the results, isolates
the effects of several features of the model and simulatesrsasio compatible with the jobless recovery.
Finally, Section VI concludes and sets the agenda for fukgearch. The paper is complemented by an
online appendix that provides a battery of sensitivity elgas, a sticky prices extension of the model,

the symmetric equilibrium and the steady state of the basatiodel.



Il Selected Literature

There is still no broad consensus about the quantitativejaatitative effects of fiscal policy shocks in
the literature. The empirical literature has not providebust stylized facts yet, hence the theoretical
literature developed a set of models compatible with catitrg results. We briefly report on thém

and then we relate this paper to the jobless recovery litezat

Empirical literature

On the size of fiscal multipliers the literature has providedariety of results. Auerbach et al. (2010)
describe the range of mainstream estimates of fiscal meltiphs “almost embarrassingly large”.
Recent VAR estimates of the output multiplier are genergtigater than those predicted by DSGE
models with no zero-lower-bound constraints but still presvalues varying from 0.7 to 2%.

The literature is divided not only on the quantitative asayof the fiscal multipliers but also on
the qualitative responses of key macroeconomics variabliescal shocks. However, recently Caldara
and Kamps (2008) have shown that these disagreements atly ohas to differences in the sample
selection and in the specification of the reduced-form VARdels. After controlling for different
identification approaches used in the literature, appbetié same reduced-form VAR, they show that
private consumption and the real wage increase after a gmestt spending shock.On the size of
the output multiplier, in a more recent paper, Caldara anoh&(2012) provide further evidence in
favour of the spending multiplier being larger than one. ddiion, Monacelli and Perotti (2008) and
Canova and Pappa (2011) have recently provided evidendeediadt that the mark-up responds in a

countercyclical way to government spending shocks.

SA full literature review is behind the scope of this paperr Eomprehensive reviews of the empirical effects of fiscal
policy please refer to Perotti (2007), Caldara and Kampé&2and Hebous (2011).

Spessimistic estimates of the output multiplier (around 8ah be found in (Barro and Redlick, 2011; Ramey, 2009);
some contributions find values around one (see Hall, 2008ngrothers); while other authors (see Blanchard and Perotti
2002; Monacelli et al., 2010; Blinder and Zandi, 2010; Acciaret al., 2011; Fragetta and Melina, 2011, among others)
report values above one. Auerbach and Gorodnichenko (20a8y asymmetries in the propagation of fiscal shocks in
booms and downturns and report an output multiplier of up%cd®ring recessions.

"They also show how the responses of labor market variabées gebe important to rationalize the consumption response.



Theoretical literature

In models with rational expectations government spendingiipliers are typically small. The main
reason is to be found in the negative wealth effect triggésethe increase in government purchases.
This, in fact, crowds out private consumption and investnagid makes output respond in a less than
proportional way. Woodford (2011) shows that the governnseending multiplier is (i) necessarily
below one in a neoclassical Real Business Cycle (RBC) maukEaactly the same both in an RBC
with monopolistic competition and in a sticky-price Newykesian (NK) model with strict inflation
targeting; (ii) exactly one in an NK model with fixed real irgst rate; (iii) somewhere between the two
values in a model featuring a Taylor rifle.

To analyze the effect of fiscal policy on unemployment, thmwn practice in the literature has been
that of introducing Mortensen-Pissarides search-magctiPMF) frictions into otherwise standard
DSGE models (Campolmi et al., 2011; Faia et al., 2010; Mdiatal., 2010). A typical problem that
arises in models featuring MPMF frictions is their diffiguib matching the unemployment volatility
observed in the data (the so-called “unemployment vakaplizzle”). In the literature, this has mainly
been addressed via the introduction of staggered nomirggsvgsertler and Trigari, 2006; Sala et al.,
2008) although this practice has been criticised by Pidsar(2009). Pissarides (2009) criticises their
introduction as a device to solve the unemployment volatduzzle on the grounds that while time-
series estimates provide evidence for (average) stickyesigopnel-data estimates support the claim
that wages in the new matches are pro-cyclical. Di Pace aoditg2012) tackle the unemployment
volatility puzzle via the introduction of “deep habits” imiesumption as in Ravn et al. (2006). The
introduction of deep habits in a DSGE model also imply thab@egnment spending expansion, even
in the presence of flexible prices, reduces the mark-upefeshe real wage, and crowds in private
consumption.

In the context of our paper, the inclusion of deep-habitsaDSGE model featuring MPMF frictions

inthe labor market, in addition to magnifying the amplitwdiéhe responses of unemployment to shocks,

8The results in New-Keynesian (NK) models have also been stiowe dependent on the reaction of monetary policy:
the more accommodative the monetary policy, the higher stalfimultiplier. On the last point Canova and Pappa (2011)
also provide empirical support using VARs. Moreover, sabsally larger-than-one multipliers can be obtained ansliard
NK models if the ZLB binds. Christiano et al. (2011) find tHa¢ spending multiplier may also reach 10 at the ZLB if the
fiscal stimulus lasts for exactly the quarters during whiehZLB is binding.



also delivers results in line with three of the four empiriegularities reported in the introduction: (i)
that private consumption is typically crowded in by a goveemt spending expansion as opposed to
being crowded out as a canonical DSGE model predicts; @i)yeal wage increases after a government
spending expansion as opposed to falling as in the candrReall Business Cycle (RBC) model; (iii)
the mark-up is typically countercyclic&lThe introduction of a CES production function, in the spirit
of Cantore et al. (2010a), completes the picture by matovjithe evidence of gross complementarity
between capital and labor in production and time-varyimgcfiashare¥’ as well as allowing the model

to reproduce a scenario compatible with the jobless regover

Jobless recovery

We do not go as far as claiming that ours is the only explandtiothe jobless outcome of the fiscal
stimulus during the recovery and indeed the jobless regatsslf is still a very controversial issue in
the literaturet! Possible explanations of the delay in the response of urssmant in recovery periods
(observed from the 1991 recession onwards) have been atsbuerith structural change stories such
as the availability of a more flexible labor force (temporargrkers and offshoring), a temporary
increase in the natural rate of unemployment (Daly et all 12dhe mismatch between job-seekers and
vacancies in the labor market (Sahin et al., 2011), the asarén health benefits and a rise in the speed
of sectoral reallocations (see Groshen and Potter (200®@)pKatto and MacDonald (2004) and Schreft
et al. (2005) amongst others). However, Aaronson et al.4@pand Aaronson et al. (2004b) find little
support for the structural change hypothesis. Some ottiroesihave also given a cyclical explanation
of the jobless recovery. We contribute to this strand of itedture, although we acknowledge that
structural and cyclical explanations of the jobless recpmeed not be mutually exclusive. Examples
of business cycle explanations are Aaronson et al. (200dla}ing the jobless recovery to a negative
labor supply shock; Bernanke (2003), focusing on a slugaggiiegate demand; and Bachmann (2011),

calibrating a DSGE model with adjustment costs to the extensargin. In a recent paper, Shimer

%Blanchard and Perotti (2002); Pappa (2005); Gali et al. {00aldara and Kamps (2008); Pappa (2009); Monacelli
et al. (2010); Fragetta and Melina (2011); Caldara and Ka{2@88).
10Blanchard (1997); Jones (2003, 2005); Klump et al. (200f)tifko (2008); McAdam and Willman (2008); Rios-Rull
and Santaeulalia-Llopis (2010); Cantore et al. (2010b22aP1 eén-Ledesma et al. (2012).
UForinstance, Gali et al. (2012) go as far as claiming thaethee no jobless recoveries but only slow motion recoveries



(2012) combines wage rigidities and labor market frictiohBs model predicts that employment is
low during a recovery because firms cut back on hiring, noaibse the incidence of unemployment
rises. He argues that this low hiring accounts for the migjari fluctuations in unemployment and
his approach accounts for the simultaneous increase in pilogment and decline in vacancies that
occurred in the past recession shown in Figure 1. In thisipapdink the jobless outcome of a fiscal
stimulus to factor complementarity. This of course doesexamude that other mechanisms (both

cyclical and structural) may reinforce and amplify the gdd recovery mechanism presented here.

Il The Model

Search-match technology

The labor market is characterised by standard MortenssseRiles search-match frictions in which
firms fill jobs by posting vacancies. Let be the number of employed workers and total population
be normalised to one. Conventionally, we assume that théoauof new hires or “matchesh, is a
Cobb-Douglas function of unemployed workess= 1 — n;, and vacancies;, My = Ku{*’vtl"", where

K represents the efficiency of the matching processcar(0,1) is the elasticity of the number of

M

matches to unemployment. Thus, the current probability ahaorker finds a match ip; = m

w-1
k(vﬂt) = k61, whereg = & is commonly labelled as the labor market “tightness”. Theeno
vacancies are posted, given a certain level of unemployttentighter the labor market is said to be.
Analogously, the current probability that a firm fills a vaceis given byg, = " = k6, “. Both firms

and workers tak@; andg; as given. The two probabilities are linked py6 ) = 6q(6;) andq' (6;) < 0,

P’ (6) > 0. The law of motion of aggregate employment can be written as
N1 =M+ (1-2A)n, 1)

whereA is an exogenous job destruction rate.



Households

The economy is populated by a continuum of identical housishiodexed byj € [0,1] who have
preferences over a continuum of differentiated consumptasieties indexed bye [0, 1]. Household
members can be either employed or unemployed. The emplofiad &< [0, 1] earn a real wage;; and
suffer disutility from working, while the unemployed regeian unemployment benetit,. Following
Ravn et al. (2006), we assume that households exhibit eattdeep habit formation in consumption,
i.e. habits are formed on the average consumption levelatf eariety of good. Len[j be the number

of employed household members, ehﬂcbe the hours that each employed individual devotes to work
activities. Then, the total hours of labor supplied by htwade j is th = n[‘h[‘ Let the total number of
household members be normalised to one, sa*léha&n be interpreted as an employment rate. Let also
the total time available to individuals be normalised to.ofben, the leisure time for the employed
members of househollis I) = 1 — h, while the unemployed “enjoy” leisurg = 112 Then, the

representative household’s instantaneous utility fumcis given by
U (OO, 1—h) = nfu ()], 1-h) + (1)U (X)), 1), 2

where(XE)! is a habit-adjusted composite of differentiated consuampgoods,

1

) 1 11 -1
<xf>'=[/o (-6 )+ Adi| T @)

parameten is the intratemporal elasticity of substitution acrossetigs,0° € (0,1) is the degree of
deep habit formation on each variety, &§d ; denotes the stock of external habit in the consumption

of goodi. The stock of external habif, evolves over time according to the law of motion

St =P 1+ (1—-p°)Ci, (4)

2We also assume that workers can perfectly insure themsatiaast idiosyncratic shocks, i.e. that income is pooled
between the employed and the unemployed.




wherep® € (0,1) measures the speed of adjustment of the stock of externalihabe consumption
of varietyi to changes in the average level of consumption of the sannety.ar

For household, the Beveridge curve is given by

N, = (1-A)n+p(8)(1-n)). (5)

Let us also assume that househj)IwIasKtj capital holdings, which evolve according to the law of

1- s( i )] (6)
It 1

whered is the capital depreciation raté, is investment taking place at timeandS(-) represents an

motion

KHl_(l 3K +1/

investment adjustment cost satisfyigfl) = S(1) = 0 andS’(1) > 0. We assume that investment

is also a composite of differentiated goods; however it doasexhibit deep habit formation, i.e.

1
. N1-1 -1
I} = [fol (Ii{> ! di} 7. Expenditure minimisation leads to the optimal level of @aahof investment

I} = (%) -’ I, (7)

whereR = [fo P ”dl] " is the nominal price index.

goods for each variety

Each householg@isolves a two-stage problem. LettiRgbe the price of variety, they first minimise
total expenditurgfo1 P.tCi{di overCi{, subject to (3). This leads to the optimal level of demancdeferh

varietyi for a given composite

: —n _
Gy = (%) (X)) + 081, (8)

which is characterised by a price-elastic component anttca-prelastic component.

By multiplying both sides of equation (8) B, integrating across varieties, and using the definition
of nominal price index, we obtain the nominal value of theitraljusted consumption composite
R(XS)) = fol Pt <Ci{ — BSLO di, which can be rearranged to write the household’s real copam
expenditure::[j as a function of the consumption composite and the stock lnit:h@[j = (X)) + &,

whereQ; = Gcfl Pg di.

10



The second stage of the problem faced by househaldtimet is choosing paths for the habit-
adjusted consumption compos(ié®)/, capltathH, mvestmenttj, and government real bond holdings

B[j, which pay the gross real interest r&&g 1 one period ahead, to maximise lifetime utility
S U oYl 1-n
HY (nd, KBl ) = max { (06t 2-1) } (©)
OO L +BEH (nt+1v Kt—i—l’ t+1>
wheref € (0,1) is the discount factor, subject to the law of motion of cdiiaand budget constraint

(1+78) () +Q0) +1¢ + 7+ B = (1 ) ndhlwi + (1= ndwg
. . 1
+(1- 1) REK{ +RtBt‘_1+/ Jiedi, (10)
0
wheret®, iV andtX are tax rates on consumption, labor income and the returaited, respectively;

T is a lump-sum taxR( is the rental rate of capital; agﬁgiJitdi represents firms’ profits.

The first-order condition with respect to the consumpticrlmposite()({’)j implies that the Lagrange

. j .
multiplier on the household’s budget constraint (10) isado /! = ;f:c, whereU,, is the marginal
t )
utility of the consumption composite. LA{ Q! be the multiplier on the capital accumulation equation
(6), anth represent Tobin’s Q. Then, the first-order condition witspect to capltaIKtH, yields the

Euler equation

QA =E {Dtjt-i-l [(1— Ttk+1) R+ (1- 5>Qtj+1} } ; (11)
WhereDtJtJrl =p thl 11++TT‘ is the stochastic discount factor. The first order conditigth respect to

investmenlt yields

Itfl Itfl Itfl
. . N 0o\ 2 =1; (12)
+E Dt]7t+1Qt]+1S/ (tﬁl) (tﬁl)

while the first order condition with respect to real governirt@onds implies

1—F [DQHR{H] . (13)

11



Employmentntj is determined as a result of a Nash wage bargaining, as deddoelow. The
surplus of the household in the bargainiﬁﬂf, can be computed as the value of having an additional
household member employed. By using the envelope conddroemployment, we obtain:

i (W Rl w j Ul
(SN) = Hnt <nt7Ktht> = (l_Tt )Wktht - WU_U—J'7
Xt

+(1-2—-p(&))E [Dt7t+1(SAJIr1)j] ; (14)

which implies that the surplus from employment for the hdwade is increasing in the net labor income
plus the expected value from being employed the next pendddacreasing in the opportunity costs.
Finally, hours of workhtj are chosen in a way that makes the bargain privately efficgsnshown

below.

Government

Deep habits are present also in government consumptionm Braéechnical point of view this is
entirely analogous to how deep habits are introduced irapgigonsumption. From an intuitive point
of view, Ravn et al. (2006) justify this choice by assumingttprivate households value government
spending in goods in a way that is separable from privatewwapion and leisure and that households
derive habits on consumption of government-provided goddternatively, as in Ravn et al. (2012)
and Leith et al. (2009), one can also argue that public gooeltoaal in nature and households care
about the provision of individual public goods in their cbtugency relative to other constituencies. For
example, controversies over “post-code lotteries” inthezdre and other local services (Cummins etal.,
2007) and comparisons of regional per capita governmentipg levels (MacKay, 2001) suggest that
households care about their local government spendingslesfative to those in other constituencies.
Moreover, Ravn et al. (2012) also propose the idea of procent relationships that create a tendency
for the government to favour transactions with sellers sli@iplied public goods in the past.

In each period, the government allocates spendm®@; over differentiated goods sold by retailers

12



in a monopolistic market to maximise the quantity of a halijusted composite good

1 . 1TT
x‘g:[/ (Gr—6°) ) ndi| T, (15)

0

subjectto the budget constraiﬁt P:Git < RGt, wheren is the elasticity of substitution across varieties,

S, _; denotes the stock of habits for government expendituresfvévolves as

St =P°S_1+(1-p°)Gi. (16)
At the optimum:
F:I —n
Gi = <ﬁt) X9+ 6°58 (17)

Aggregate real government consumpt®nis set as an exogenous process,

log (%) = pclog (E) +ef, (18)
whereG is the steady-state level of government spendiggis an autoregressive parameter aflds

a mean zero, i.i.d. random shock with standard deviati®n

The government budget constraint will then read as
Bt = RBt_14 Gt + (1—n)wy— Tt — 77C — 1V werehy — T REK, (19)

while taxes are set according to the following feedback rule

wherepy are autoregressive coefficien¥é:are steady-state values® are serially uncorrelated, nor-
mally distributed shocks with zero mean and standard devisw ™, andpxg is the responsiveness of
tax X to the debt-to-GDP ratio.

We set steady-state government debt equal to zero in steddyisplying also that the government

13



runs a balanced budget in steady state. To explore our bemklsrenario of lump-sum taxes and fully
financed lump-sum taxation, it suffices to set the tax ratesgmvernment debts constantly equal to

zero,B; = th = TtW = TtK =0, andt; = Gt + (1 — ny)w,.

Firms

A continuum of monopolistically competitive firms indexey be [0, 1] uses capitalK;;, and labor,
Nit = nithiy to produce differentiated good§, which are sold at pricgi = Pi/R. The technology
used in the production process is representeB (§¥ K):Kit, (ZN)inithit ), where(ZK); and(ZN)y, are
a capital-augmenting technology shock and a labor-augngetgchnology shock, respectively.

Employment at firm evolves over time according to the law of motion
Nity1 = (1 —A)Nni +q(6)Vit, (21)

where§; is treated as exogenous by the firm.
In addition, the firm faces hiring costslCi;, of postingvi; vacancies and employing workers
given by
HCt =g(z)ne; ¢,9" >0, (22)

Vit
Nit

wherez; = ( ) is the vacancy ratié®
The firm rents capital services from households at a rentaRg, takes employmen; as given

at timet, and maximises the flow of discounted profits

®  (Cits+ itz s-+ lirs) — HG
Jt(nit):Et %DLH—S plt( t+s it+s |t+s) t+s 7 (23)
S—

K
~Wit +sNit +-shkt+s — R sKit 4

with respeCt td(it+5’ Nit +s; Vit+S’Cit+S’ Szt+si Git-i—Si ac‘t]+s and Pit+s = F)It+S/F)It+S SUbJeCt to (21)! (22)!
the demand for goodin the form of private consumptid@;, (8), government consumptidsy, (17),

and investment, (7), the laws of motion of the stocks of hfaihouseholds, (4), and the government,

Note in the original Pissarides modglz) = cz so that hiring costs per vacancy posted are constant.
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(16), and the firm’s resource constraint

Cit+s+ Gitts+ Py its = F((ZK)iKit, (ZN)enichie) = Y. (24)

The corresponding first-order conditions for this probleet a

R = MGFii (25)

tit = (MG it — Wit )i +9' (2t )zt — 9(zit) + (1 — A)Et [Dr e+ Mie+1] » (26)

d (zt) = 9(6t)Et [Drt+1Mit+1] » (27)

Ve = Pit — MG+ (1—p°)AS, (28)

Af = EiDt+1(6°VE 1+ P°Ad ), (29)

Ve = pir — MCi + (1— p©)A¢, (30)

AP = E{Dys41(0°V2 1 +p°A2 ), (31)

Gt + G+ (L= )Py e+ MG " e —nvep T - nvlp T =0, (32)

VariablesMGC, L, V&, AS, vd, A are the Lagrange multipliers associated to constrainis (24),
(8), (4), (17), (16), respectively. In particulaviC; is the shadow value of output and represents the
firm’s real marginal cost.

If we denote the nominal marginal cost withC{", the gross mark-up charged by final good firm
i can be defined a8l = P /MC" = %/MTCP = pit/MC;. In the symmetric equilibrium all final good
firms charge the same pricB; = R, hence the relative price is unitgy = 1. It follows that, in the
symmetric equilibrium, the mark-up is simply the inversdhad marginal cost.

By combining equations (28), (30) and (32), substitutingtfi® demands fo€i; andG;j;, (8) and

15



(17), and rearranging, the optimal pricing decision in ty@metric equilibrium can be written as

€+ X3+1) |1- MG
(1 00) A+ AIXE] — &5 (S, + )

—0. (33)

The surplus of the firm from employment at the margin is regmésd by,
St = i, (34)

while R it represents the marginal product of capital, Bag represents the marginal product of labor.
Note that (26) uses the fact that the product of an employgeésn byF, i = Fn ithir at the margin.
Iterating (26) one period forward and combining it with (3®lds the followingvacancy equation

or job creation condition

= E[Dtt+1Mit+1)]

(MCiF,it+1 — Wit+1)hit+1+ 9 (Zt+1) Zie+1

. (35)
~0(z 1) + (1-2) gy

= E{ Dtt41

Clearly, in the absence of hiring cost{zi+1) = ¢ (zt+1) = 0, (35) becomeMCFy it = wi, the

competitive labor market outcome.

Wage bargaining and hours worked

Let € € [0,1] denote the firm’s bargaining power a& be the surplus of a household negotiating
with firm i. Then, Nash bargaining implies that the real wage maxintlsesveighted product of the

worker’s and the firm’s surpluses from employment:

max(§)+ % (sf)° (36)

Wit
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The solution to problem (36) yields the following surplysising rule:

£

s="fa-as) @37)

The introduction of the distortionary labor tax makes thekeos actual bargaining power fluctuate
along the business cycle and reduces the share of the wankibies bargaining itself. Substituting for

(14), (34), and (26) into (37) and rearranging yields\lage equation

Wichit = (1—¢€) [MCiFuithit —9(zt) + 9 (zt)ze + &9 (ze)] + €

1-

Unit
M Ut] . (38)

Condition (38) implies that the wage paid to the employeensighted average of the marginal product
of the employee plus the savings from job continuation, méhe cost of posting vacancies, and the
opportunity cost of working, which is increasing in the un@ayment benefits, the disutility of working
activities and the labor income tax.

Finally, we follow Thomas (2008) in modelling hours per werlas being determined by firms and
workers in a privately efficient way, i.e. in order to maximithe joint surplus of their employment
relationship. The joint surplus is in turn the sum of the f'srsﬂrplusﬁ‘;, and the worker’s surplu§y’.

By maximizing the joint surplus with respectltg, we obtain the hours-determination condition

U .
MG Pt = — 0 4 1w, (39)

according to which the marginal revenue product of labogisa¢to the marginal rate of substitution
between consumption and leisure and the labor income taxgueeach hour of work. In the absence
of distortionary taxes, witlm¥ = 0, vt (i.e. in the vast majority of experiments conducted in tlaper),

hours are independent of the hourly wage.
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Equilibrium

In equilibrium all markets clear. The resource constraompletes the model:

Y =C +l+G+9(z)n. (40)

The system of equations describing the full equilibriumusngarised in the online appendix,

Section D, while the steady state is outlined in Section E.

CES production function and “re-parametrization”

We specialise the production functidi((ZK)iK:, (ZN)in:ht) as a constant-elasticity-of-substitution

(CES) production function,

a

o-110o=1
[

F((ZK)iKe, (ZN)erehy) = [k ((ZK)eK) 7 + an((ZN)eneh) (41)

whereK; is capital,n; is the number of employeek; are hours worked per employe@&K); and
(ZN); are capital and labor-augmenting technology shoakis, the elasticity of substitution between
capital and labor, andk and ay are the so-called distribution parameters. Note thatkanh the
Cobb-Douglas case, the distribution parameters do noésept factor shares of income and are not
dimensionless. In other words, these have dimensions épeindl on the measurement units of capital
and labor as discussed in Cantore and Levine (2012). As theldistribution parameters are mean-
ingless and cannot be calibrated. In this subsection, we #iet once the capital share of income has
been calibratedx anday can be “re-parameterized”, i.e. expressed as functions®thare and of
endogenous variables of the model, which in turn depend ®enlélep parameters. This procedure is
conducted in the spirit of Cantore and Levine (2012).

Aso — 1, the CES production function collapses to a Cobb-Dougt&y {fand only ifak +an = 1.

While o — 0 leads to the Leontief case.

18



In the CES case, marginal products of capital and labor takéallowing forms:

Fes = ok (ZK). ™ (E) (42)
FNt_aN(ZN) (n:(;h) (43)

Let variables without time subscript denote steady-statees ands® = &K ¢ (0,1) be the cal-
ibrated capital share of income. Combining equation (42hhe definition of capital share and

rearranging yieldsik as a function of the capital share and endogenous variables,

o-1

aK:s<((ZKY>_K)“. (44)

As 0 — 1, i.e. the production function tends to a Cilx — S¥. As the total products of capital

and labor have to add up to total output, the following holds:

FNnh F«K
by LS S S 45
v v (45)

Combining equations (43) and (45) allows us to recaugr

o-1
g

an = (1-55) ( (46)

(ZN)nh)

As g —1, ay — (1—SX). Note that if the labor market is not Walrasian, i.e. it is cwierised
by wage bargaining and hiring cost&, — S¢) does not represent the labor sha®, but it also
includes the share of income that is wasted in the searcbhingtand bargaining procesSM = —),

whereg(z)n represents total hiring costs, which are a function of treawaay ratez. In equilibrium,

KNy $SM_ 1,
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Additional functional forms

Equation (2) specialises as a non-additively-separabity ditinction:

1-o¢

X[C(l_p) (1— ht>p] -1 i )Xtc(l—p)(l—ac)
—

U(Xtcvnl71_hl):nl ) (47)

1-0; 1-0;

whereg; > 0 is the coefficient of relative risk aversion, apds the elasticity of substitution between
leisure and consumption. Whe — 1, preferences are represented by an additively separtlitie u
function; while in the case of full employment, i.ex — 1, the equation reads as a standard utility
function in consumption and leisure compatible with ba&ghgrowth.

Investment adjustment costs take the form of a quadratictifom,

It y( It 2
S|l— |==|—=-1| ,u>0, (48)
lt—1 2 \lt1
while the model allows for a possibly convex hiring cost flioig, i.e. g(z) specialises as

9(z) = ﬁzt””’, @ > 0. (49)

|V Parameter Choice

We assign numerical values to parameters in order to matoérei number of stylised facts for the US
economy in the post-WWII era or according to available emogirestimates or conventions. The time

period in our model corresponds to one quarter in the dataleTlasummarises the parameter choice.

A set of parameters are simply set equal to values that ardyvwided in the literature. Namely, we
set the subjective discount fact@, equal to 0.99, which implies a quarterly real interest cdtabout
1%. The capital depreciation rat@, and the coefficient of relative risk aversiam, are set equal to
0.025 and 2, respectively, while the capital share of ingd®ie takes the conventional value o.
The elasticity of substitution across varieties, is set tataer standard value of 6, which implies a

steady-state mark-up of around 20% in the absence of dedés.hab
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Parameter Value

Discount factor B 0.99
Capital share of income S 1/3
Capital depreciation rate 0 0.025
Relative risk aversion Oc 2
Elasticity of substitution in production function o 0.4
Elasticity of substitution across varieties n 6
Investment adjustment cost parameter y 3.24
Degree of deep habit formation 6°¢ 0.86
Habit persistence p°¢ 0.85
Job separation rate A 0.103
Elasticity of matching to unemployment W 0.5
Firms’ bargaining power £ 0.5
Share of government spending in output ay 0.2
Persistence of government spending shock  pg 0.90
Persistence of tax shocks Px 0.90
Convexity in hiring cost )] _ 0
Elasticity of subst leisure/consumption p settotargeh=0.33
Scaling factor in hiring cost function X settotargep=0.95
Scaling factor in matching function K settotarge=0.70
Unemployment benefit W, settotarge® =0.70

Table 1:Baseline calibration

When the production function takes the general CES form,eti¢he elasticity of substitutiom,
equal to 0.40, a value close to the empirical estimates imiaslesma et al. (2012). We obtain the
Cobb-Douglas as a limiting case, by settmg— 1. The investment adjustment cost parameter is set
equal to 3.24, the value estimated by Christiano et al. (RODBe degree of deep habit formatidif,
and the habit persistenggf, are set equal to 0.86 and 0.85, respectively. These aranhe astimated
values used in Ravn et al. (2006). We then set the convexignpeter, in the hiring cost function to
0, which makes it linear as the assumption of convex hiriregmade by Gertler and Trigari (2006) and
Thomas (2008) is not needed in the absence of the Calvo wagesd he firms’ bargaining powes,
and the elasticity of matching to unemploymaesot,are both set equal to 0.5. This choice satisfies the
Hosios condition for the efficiency of the equilibrium. Thes no reason to believe that this condition
holds in practice, however this parameter choice is shayeddst of the existing literature and hence
allows comparability of the results. The value for the jopasation rate), is set equal to 0.103 to

imply that jobs last on average 2 years and a half. This isi@with the calculations made by Shimer
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(2005). The persistence of fiscal shocks is set equal to @9iGh is approximately the value observed
in the data (see Monacelli et al., 2010, among others).

Finally, we set (i) the elasticity of substitution betweeisure and consumptiop,; (ii) the scaling
factor in the hiring cost functiony; (iii) the scaling factor in the matching functior, and (iv) the
unemployment benefity,, in order to match: (a) a steady-state share of hours workexdtotal hours,

h, of 33%; (b) a steady-state job finding probability,equal to 95% as in Gertler et al. (2008); (c) a
value for the vacancy filling probabilitg, equal to 70%, as in Trigari (2009); and (d) a ratio for the
value of non-work to work activitieg¢placement ratip 0= V"”%i”/gc (i.e. the sum of unemployment
benefits and the disutility of work over the marginal prodocemployment), equal to 70%, a value
very close to the point estimate of 72% by Sala et al. (2008 th% value for the replacement ratio
is debated in the literature and is an important determiohtite unemployment multiplier, we show
sensitivity of our results to different magnitudes for thégameter in the online appendix, Section B.2.

In addition to the explicitly-targeted steady-state valuhis calibration implies reasonable “great
ratios”; namely a consumption/output ratio of 61%, an itvesnt/output ratio of 18% and a hiring
costs/output ratio of 1%. The choice of the job separatita upled with the job finding probability
implies, through the Beveridge curve, a steady-state utgment rate of approximately 9.5%, a value

close to that of Hall (2005).

V Resaults

We present the results starting from a standard neoclagBB&) model with search and matching
frictions in the labor market and adding deep habits and &8 @chnology one at a time. First, we
present the well known results that in the baseline RBC mibaebutput multiplier is well below the
range of available empirical estimates. We also show someifes at odds with the data, namely
constant price mark-up and factor shares, a negative respdithe real wage and a negative response
of consumption following a government spending shock. 8dcwe show how, even in the absence
of price stickiness, the introduction of deep habits magsitine responses of macroeconomic variables

to a fiscal stimulus. At the same time, in line with Ravn et 2006), the mark-up falls, real wages
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rise and consumption is crowded in after an expenditureresipa. Furthermore, by introducing the
CES production function, we show that, as capital and lakoame more complementary, the growth
of output fostered by a government spending expansion taisesl relatively more by an increase in
the intensive margin (current employees work longer hatlwah an increase in the extensive margin
(new job creation). Factor shares now present cyclicaldatadns. Last, we explore the effects of a
fiscal stimulus at a recession time, which fostejstdess recoveryIn the online appendix we show
that an accommodative monetary policy with respect to thpudwgap alongside sticky prices plays an

important role for the stabilisation properties of the fistanulus.

Neoclassical benchmark with search-match frictions

In Figure 2 we plot the impulse responses of a number of furddéah macroeconomic variables to
a government spending expansion of size 1% of output. Nasmglthe size of the fiscal shock as
such allows us to interpret the output responses as fiscéiphiens. For unemployment, we report the
absolute changes in percentage points that the increapemisng by 1% of output triggers.

This can be regarded as a measure of the unemployment riasltiphis exercise is conducted under
the assumption that the fiscal measure is fully financed bytsom taxes.

As a benchmark, we consider the effects of a government spgedpansion in a model where
the production function is Cobb-Douglas, and no deep habjsivate and government consumption
are formed. The results are in line with most of the recerartttgcal fiscal stimulus literature: a fiscal
expansion triggers a negative wealth effect, via an iner@asax obligations, that curbs consumption
and boosts labor supply. In the context of MPMF, this has atiegeffect on households’ reservation
wage and a smaller positive effect on firms’ reservation wdgps translates into more vacancies being
posted, a tighter labor market, a reduction in equilibriummployment, and a fall in the real wage.
The absorption of resources by the government is such thvat@investment is also crowded out and
the real interest rate rises. As standard in flexible-presmctassical models with imperfect competition,
the price mark-up over the marginal cost remains constanathfer standard result — coming instead
from the use of the Cobb-Douglas production function — i$ ta@ital and labor shares of income are

also constant.
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Figure 2: A government spending expansion (1% of outputphsomm taxes, balanced budget) in an
RBC model augmented with Mortensen-Pissarides Matchingiéns: the effects of deep habits in
consumption.
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Note: Line marked by squares: RBC model with Mortensenarides Matching Friction (MPMF), Cobb-Douglas (CD)
production function¢ — 1) and no habits in consumptio8{= p® = 0). Line marked by circles: MPMF, CD production
function, and deep habits in consumptiéf £ 0.86 andp®= 0.85). Line marked by stars: MPMF, CES production function
(o =0.40) and deep habitsin consumption. Responses of all vag&llt the unemployment rate are in percentage deviations
from steady state. For the unemployment rate, absoluteyelsain percentage points are reported.

From a quantitative point of view, results are similar tas¢ixig contributions such as Campolmietal.
(2011) and Monacellietal. (2010): government spendingasns yield output multipliers well below
one (slightly above 0.5 for our calibration) and almost rggle negative effects on unemployment.

These results contrast with much of the recent empirieHture, both from a quantitative and from
a qualitative point of view. On the quantitative side, raampirical estimates of the output multiplier
are generally greater than those predicted by DSGE mod#iswizero-lower-bound constraints. On
the qualitative side, there is also empirical evidence tjuaernment spending expansions crowd in

private consumption and bodstthhours workedindthe real wage (see Pappa, 2005; Gali et al., 2007;

Pappa, 2009; Fragetta and Melina, 2011, among others).diti@d Monacelli and Perotti (2008) and
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Canova and Pappa (2011) find evidence for a fall in the pria&-mug following a fiscal expansion.

Deep habits

As shown in Figure 2, the introduction of deep habits in comgtion yields a substantial improvement
on the performance of the DSGE model in matching these ecapfindings*

The differences in the transmission mechanism of a fiscatkshoa model with deep habits in
consumption work through the fact that the mark-up is caucyelical under deep habits even if the
model features fully flexible prices. Under deep habits thekaup is counter-cyclical due to the
coexistence of two effects: antra-temporal effec{or price-elasticity effegtand aninter-temporal
effect The intra-temporal effect can easily be understood byitaplat the demand faced by an

individual firmi:

-
ADit =Cit +Gjt + it = (%) (XE+XT+11) +6°(St_1+S] 1), (50)

whereG;; is public consumption of variety l;; is the component entering the investment aggregator
l; (which is not subject to deep habits) aXl andﬁgt’ are the public counterparts of the habit-adjusted
consumption composite and the stock of habit for vaiiefyhe right-hand side of the demand curve is
given by the sum of @arice-elasticterm and grice-inelasticcerm. When the habit-adjusted aggregate
demand(XtCJrthJr It) rises, the “weight” of the price-elastic component of dethgnows and the
effective price elasticity of demandgj; = —%A—F?Ap—gn =n (1— BCW) , increases, as opposed
to remaining constant and equal foas in the standard cas€® = 0). The fact that the elasticity

of demand is pro-cyclical is one determinant for the pricekng being counter-cyclical. The other
determinant comes from the inter-temporal effect: the an@ss of higher future sales coupled with the

notion that consumers form habit at the variety level, méikes inclined to give up some of the current

profits — by temporarily lowering their mark-up — in order ¢ak-in new consumers into customer/firm

14In the seminal work by Ravn et al. (2006), they already itatgt that a government spending expansion yields a crowding
in of private consumption as opposed to a crowding-out, vatesp habits in private and public consumption are introduce
into an otherwise standard flexible-price model with impetfcompetition. In addition, Di Pace and Faccini (2012) find
that deep habits in consumption have the property of corsidemagnifying unemployment volatility also in a modethvi
flexible wages, proposing a solution to Pissarides (20@@¥snployment puzzle.
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relationships and charge them higher mark-ups in the future

A government spending expansion, also under deep hahitsgsa negative wealth effect. However,
the drop in the mark-up, which in turn implies higher futuaées, translates into more vacancy posting
through the job creation condition. The higher labor matigttness implies a relatively greater fall
in the unemployment rate. This coexists not only with anease in the intensive margin (hours
worked) but also with an increase in the real wage, which iden@ossible by the greater increase in
the firm’s reservation wage, which induces a rise in the baegbwage. The increase in equilibrium
wage makes leisure relatively more expensive and causd&satation effect towards consumption that
more than compensate the negative wealth effect. As aresasumption rises. With a Cobb-Douglas
production function and our baseline calibration the masgloutput multiplier is almost 2, while the
peak unemployment multiplier is almost -0.6 percentagetsoi

In the NK literature the fall in the mark-up and the increasdhie real wage are matched to a
certain extent by including price and/or wage stickineseweler, NK models manage to get only
an initial positive response in the real wage — while the eirgiliterature finds a persistent positive
increase — and the fall in the mark-up is not generally endogbush aggregate supply upward to
such an extent that the fiscal multiplier is dramatically magd. Consumption is still crowded out
unless either (i) a non-additively separable utility fuootis adopted and the intertemporal elasticity of
substitution of consumption is set to be low (ia, its inverse, is high) entailing strong intratemporal
substitution effects between consumption and leisure fgeexample Linnemann, 2006; Monacelli
et al., 2010) or (ii) it has to be assumed that an implausilgi Bhare of consumers show a “rule-of-
thumb” non-optimising behaviour (Gali et al., 2007). Altlgh the zero-lower-bound for the nominal
interest rate has been found to be a determinant for higheubmultipliers, we see this more as a

special circumstance rather than a feature able to explsiméss cycle patterns in general.

CES production function

The empirical literature has not reached a consensus on dlseoetonomic effects of fiscal policy.
Nonetheless, if one wants to operate a synthesis of avait@hpirical estimates on output and unem-

ployment expenditure multipliers, it seems fair to coneltioat, when the government purchases more
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Figure 3: Sensitivity of the results to different values loé elasticity of substitution between capital
and laborg.

Hours worked

Unemployment (p.p-)
S o

—

Labor market tightness

Note: Fiscal policy: government spending expansion (1%ughat, lump-sum taxes, balanced budget). Model: RBC with
Mortensen-Pissarides Matching Friction (MPMF), deep tsahiconsumptionf® = 0.86 andp® = 0.85).

goods and services from the private sector, this may yieldemable increase in real output, while the
effect on new job creation is likely to be smé&?.

In this subsection we show that if the elasticity of subsitubetween capital and labar, is allowed
to drop from 1 (CD case) to values in the range of estimatagegathe unemployment multiplier drops
considerably more than the output multiplier. Estimates @fre between 0.3 and 0.6 (Klump et al.,
2007; Chirinko, 2008; Cantore et al., 2012a, 2010b; Lebdelsena et al., 2012).

In Figure 2 we show that a value of = 0.4 makes the output multiplier diminish to almost 1.6
(that is 81% of the value obtained in the CD case), while tremyloyment multiplier drops to -0.35
percentage points (about 66% of the value obtained in the&3B)c In addition, factor shares react to
the government spending expansion.

The unequal effects on the output and unemployment mudtgpdepend on the fact that lowering the
elasticity of substitution in the CES production functisreguivalent to assuming that the technology is
closer to the Leontief case, i.e. capital and labor are graisgplements. In Figure 3 we show that, with

a smallera, given that capital is unable to change instantaneouslgspanse to the fiscal expansion,

15For OECD countries Holden and Sparrman (2012) find a mugtipli -0.30 percentage points while Briickner and Pappa
(2012) show that the effect may even be negative.
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Figure 4: Peak elasticity of the unemployment rate to regdutichanges in response to a government
spending expansion at different levels of the elasticitguddstitution between capital and labor.
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Note: Fiscal policy: government spending expansion (1%ughat, lump-sum taxes, balanced budget). Model: RBC with
Mortensen-Pissarides Matching Friction (MPMF), deep tsahiconsumptionf® = 0.86 andp® = 0.85).

firms have smaller incentives to create new jobs throughn@cposting. However, both the negative
wealth effect (coming from the absorption of resources l&ygbvernment) and the substitution of
leisure with consumption (coming from the decline in the krajp due to the presence of deep habits)
still act in the same direction of causing a substantialdase in the supply of hours of work. From a
guantitative perspective, this effect is stronger in thespnce of investment adjustment costs, as shown
in the online appendix, Section B4,

In Figure 4 we plot the peak elasticity of the unemploymetgt@aoutput in response to a government
spending expansion at different levels of the elasticitguddstitution between capital and labor. When
o drops from 1 (CD case) to the lower bound of the range of ecadigstimatesd = 0.3), the peak
elasticity of the unemployment rate to output drops by adol®Po.

In sum, if the technology operating in the economy is represkby a CES production function, as
o falls, the growth of output fostered by a government spampdipansion is sustained relatively more
by an increase in the intensive margin (current employeek leoger hours) than an increase in the

extensive margin (new job creatioh).

16Another additional possible venue in modelling capitahis introduction of variable capital utilization. Such atfea
may be used as a device to soften jildessoutcome of a fiscal stimulus. In fact if firms have an adequagetal buffer,
they may use it in response to a fiscal stimulus. This, togetith some complementarity between capital and labor may
yield to higher vacancy posting and hence higher unemploymeiltipliers.

In the online appendix, Section B.1, we also show that, agetblenology tends to Leontief, the calibration of the
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Figure 5: A fiscal stimulus in a recession.
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Note: Model: RBC with Mortensen-Pissarides Matching foic{ MPMF) and deep habits in consumptidif & 0.86 and

p® = 0.85). Recession driven by a negative technology shock thdsle a peak output contraction of around 7.5% from
steady state with a CES production function. Fiscal stimugovernment spending expansion of 5% of output; lump-sum
taxes; balanced budget. First row (CD): simulated outpdtialemployment responses in the absence and with the fiscal
stimulus under a Cobb-Douglas technology-¢ 1). Second row (CES): responses under a CES technotogyd.40).
Third row (CD and CES): ratios of impulse responses with aitldaut the fiscal stimulus under CD and CES technologies.

Jobless recovery

In this subsection we investigate the low-job-creatiorideaof the fiscal stimulus in a case in which
the latter takes place at a recession time.

For illustrative purposes, we simulate a recession by metasegative technology shock. Figure
5 shows the responses of output and unemployment in the gasdsch the production function
is a CD and a CES witlo = 0.4 (bold lines in the first and second row of Figure 5, respebtjv
The size of the shock is chosen in order to make output cdritsaaround 7.5% from steady state

at peak when the production function is a CES. This is appnaiely the size of the deviation of the

bargaining parameter becomes increasingly less impddatite equilibrium outcome. Rowthorn (1999) also emplessis
the role of CES technology with an elasticity below unity in explaining European unemployment persistetlespite
moves towards greater labor market flexibility as captusedrbincrease in the firm’s bargaining power in our model.

29



US output from potential in the second quarter of 2009 (tbegh of thegreat recessiomccording to
the National Bureau of Economic Research), using the savi@table in ALFRED (Federal Reserve
Bank of St. Louis). The same shock makes output contract{&%$ when the production function
is CD. In addition the model predicts that unemploymenteases at peak by more than 4 percentage
points in the CES case and by 2.5 percentage points in the €& &athe same charts, we show the
mitigatory effects of a fiscal stimulus (dashed lines). Irtipalar, we proxy the fiscal stimulus with a
government spending expansion of 5% of output, approximtie expenditure expansion foreseen by
the ARRA8tis evident that while the fiscal stimulus has similar ef§én terms of output stabilisation,
unemployment stabilisation is considerably less pronednmder the CES production function. The
third row of Figure 5 plots the ratios of the impulse respenséh the fiscal stimulus activated with
respect to the impulse responses with no fiscal stimulufignwo alternative cases of CD and CES.
In the experiment proposed here, the output contractiomdmptesence of the fiscal stimulus is around
50% of the contraction in the no-fiscal policy scenario ur@rand around 30% under CES. The rise
in unemployment in the presence of the fiscal stimulus ia60% less pronounced under CD and
around 20% under CES. In other words, at a recession timeydlae! with a CES production function

predicts that a government spending expansion fosterssaadsyably morgobless recovery

VI Concluding Remarks

We have analysed the effects of a government spending erpainsa dynamic stochastic general
equilibrium (DSGE) model with Mortensen-Pissarides labarket frictions, deep habits in private
and public consumption, capital adjustment costs, a cotistasticity-of-substitution (CES) production
function, and adjustments in employment both at the intenss well as the extensive margin.

The combination of deep habits and CES technology is cru€ia¢ presence of deep habits mag-
nifies the responses of macroeconomic variables to a fisoallsts, while an elasticity of substitution

between capital and labor in the range of available estisratews the model to produce a scenario

18Blinder and Zandi (2010, table 10) report that the total retbign $ 1-trillion 2009 stimulus package in the US was split
into a total of $ 682 billion for spending increases and $ 3fi®h for tax cuts. Given that the 2009 US GDP at current
prices was $ 14 trillion, the spending increases were 4.9G0R#P.
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compatible with the jobless recovery. In other words, factonplementarity proves to be a determinant
of the jobless outcome of a fiscal stimulus. In fact, settivegdlasticity of substitution in the CES pro-
duction function equal to a value smaller than one — as fonrtkde empirical literature — is equivalent
to assuming that the technology is closer to a Leontief $ipation in which capital and labor are gross
complements. Given that capital is unable to change irmt@atusly in response to the fiscal expansion,
firms have smaller incentives to create new jobs throughn@cposting. However, the trasmission
mechanism of the fiscal shock is characterized by a negageadthveffect and a substitution of leisure
with consumption, both acting in the same direction of a &rigal increase in the supply of the hours
of work. Therefore, the expansion in output is driven rekdfi more by the intensive margin rather
than by the extensive one.

From a policy perspective, this result implies that, for adlsstimulus to have a stronger impact
on reducing the rate of unemployment, it should prioritizeasures enhancing the economy'’s stock
of capital, such as incentives for private investments Isd direct government investment in public
infrastructure.

The results presented in this paper are also an importatingtpoint for future research. More
specifically, the model is well-suited for the design of ol fiscal and monetary rules. In particular,
given the sensitivity of the results to the monetary resppias shown by Cantore et al. (2012b),

examining optimised Taylor rules as e.g. in Levine et alO@0vould be a useful exercise.
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