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Abstract

Recent empirical evidence from vector autoregressions suggesting tha
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doxical in the light of neoclassical models of the business cycle. We show
that a standard real business cycle model in all agents including thengover
ment optimize is compatible with crowding in. The model generates positive
comovement between public spending and private consumption, regardles
of whether private and public purchases are complements or substitutes.
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1. Introduction

Using vector autoregressions (VARS) and various identiboaschemes, resear-
chers have found that shocks to public spending crowd imaiconsumption.
Examples include Blanchard and Perotti (2002), Perotti 420Perotti (2007),
Fatas and Mihov (2001), GhalL6pez-Salido and Vadls (2007), and Mountford
and Uhlig (2009). The evidence has been challenged recanty important
paper by Ramey (2009). It is nevertheless frequently cited paradox in the
context of standard neoclassical models of the busine$s.dpdoth real business
cycle (RBC) models and New Keynesian models, exogenous chamgeblic
spending crowd out private consumption due to a negativéthvetiect?

We argue that the empirical evidence should not be interdras undermining
the neoclassical approach. The underlying philosophy @féal business cycle
(RBC) approach is to build models in which all agents optimizé-defined ob-
jective functions subject to technological and budget tramgs. We show that a
standard RBC model with an optimizing government generatsiiy@®comove-
ment between public spending and private consumption agigh the empirical
literature. In our model, public and private expenditureact endogenously to
stochastic shocks affecting preferences and technologyal®e the government
ultimately cares about households’ welfare, public spegdnd private consump-
tion tend to respond similarly to the state of the economtgristingly, this holds
whether private consumption and fiscal spending are sutegtibr complements.

A few alternative explanations have been proposed to a¢douarowding in
by public spending. GalLopez-Salido and Vadls (2007) set up a New Keynesian
model in which a fraction of consumers are constrained tswome their current

1See Aiyagari, Christiano and Eichenbaum (1992) and Baxtdrking (1993). Basu and
Kimball (2003) showed that in a New Keynesian model withkgtiprices, the negative wealth
effect of an increase in public spending on consumption essolstrong that output also declines.



disposable income in each period, and households are gvilirmeet the firms’
demand for labor at the wage rate set by a union. If the fracfonon-Ricardian
consumers is large enough, the model can generate a pasitigense of con-
sumption to a government spending shock. Bouakez and Rel@&)(8Bow that
the RBC model can generate crowding in when preferences eshibhg Edge-
worth complementarity between public and private spendimgnemann (2006)
obtains the same result with a non-additively separabligaftinction and a small
intertemporal elasticity of substitution.

Ramey (2009) challenges the crowding-in result. She eqpatgg spending
shocks with changes in defense spending coinciding wittsw@éhe furthermore
argues that these shocks were actually predicted quite fadvance. When she
accounts for the timing of changes in expectations, she finaisthe data are
compatible with crowding out rather than crowding in. Shieswut non-defense
spending as a source of independent shocks to public sgendich is in keep-
ing with the philosophy of the neoclassical approach andh witr model. In
contrast, she models wars as exogenous increases in spemdgoods that af-
fect neither individuals’ utility functions nor the aggedg production function.
Arguably, however, even military expenditures could be eled as endogenous
responses to underlying shocks affecting individual ariegavelfare and having
direct effects on labor demand, labor supply, and the margitility of consump-
tion that are abstracted from in her simple model.

The paper is structured as follows. In the following sectie describe the
model and relate it to the existing literature. In the thiedtson, we discuss the
model’s steady-state properties and its calibration. Vésgmt and discuss our
results in the fourth section. The fifth section concludes.



2. Mod€

We model endogenous public spending following Ambler andd@af1997). A
benevolent government chooses public spending to maxitheevelfare of the
representative private agent. Kydland and Prescott (18f@yed that optimal
government policies are subject to a time inconsistenchlpr. In our model,
the government cannot precommit to its announced policiepudblic consump-
tion and public investment spendiAigWe use dynamic programming methods
to derive time-consistent policies. Private agents andythwernment have reac-
tion functions that depend on the current state of the ecgr(sprcalled Markov
strategies). The macroeconomic equilibrium in our mode¢héefore Markov-
perfect. Public spending is financed by proportional taxesabor and capital
income. Distortionary taxes balance the budget on aver&gpert-run discrep-
ancies are made up by lump sum taxes. Because of distortibaeasion, the
first-best optimum is not attainable.

2.1 Households

There is a representative private household that valuesuomption and leisure.
Its utility function is given by

_ = i ~ Vi 144
U, = E; Z B {hl (Ct—l—i) - Ntq } ) (1)
par L+v

2Most models with endogenous government behavior assunemreitment. Chamley
(1986), Chari, Christiano and Kehoe (1991, 1995), and lren&l998) used the framework first
developed by Ramsey (1927) to consider optimal taxation priécommitment. The existing liter-
ature on optimal time-consistent fiscal policies is moraspaFischer (1980) compared the levels
of welfare that can be attained with and without precommithie a simple model. Lucas and
Stokey (1983) studied how the government can issue nométlabntracts which make its opti-
mal taxation plans time consistent. Chari and Kehoe (198&lyaed how trigger strategies can be
used as a means of enforcing precommitment. Ortigueirab(2&died optimal Markov-perfect
strategies for financing an exogenous stream of governrpenting.

3See Ambler and Desruelle (1991) for more details on thistpoin



where E; is the mathematical expectations operator conditionalnéorimation
available at timet, 3 is a subjective discount factof; is the household’s total
consumptionpn, is the number of hours worked by the househelds a prefer-
ence shock, ang > 0 is a preference parameter.
Total consumption is a CES aggregate of private and publiswoption ex-
penditures,
&= (07 +(1—0)Cy) ",

wherec, is the household’s consumption spendifg, is per capitagovernment
consumption spending, and the elasticity of substitutietwieen private and pub-
lic expenditures i3y = 1/ (1 + o). The CES specification implies that there are
diminishing marginal returns to public spending for a gil@rel of private spend-
ing in order to achieve a given level of total consumption. &arz and Rebei
(2007) showed that the magnitude of the elasticity of stigtin » has crucial
implications for the comovement between private and pudpiending when the
latter is determined exogenously. In particular, if these@@ty of substitution is
sufficiently low, government spending can crowd in privatesumption.

The household has the flow budget constraint given by

e+ < (1 —m) wny + (1 — %) gy — Ty, (2)

wherer,, andr, are, respectively, the labor and capital income tax ratess the
equilibrium real wage ratey, is the equilibrium capital rental rate, afiglis the
per capitalevel of lump-sum taxation.

The household’s holdings of capital evolve according to
kiyr = (1 —=0) Ky + iy, 3)

where/ is the constant rate of depreciation of private capital.



2.2 Firms

The representative firm uses capital and labor servicefipsed from households
to produce goods subject to a production function that hastent returns to scale
in private inputs given by

Y, = ZtNtaKtliathaga 4)

where K, is theper capitastock of public capital at time, K, is theper capita
private capital stock)V, is theper capitanumber of hours worketiandz, is an
exogenous stochastic process for the state of technoldgyeat.

Under perfect competition, factors are be paid their maiginoducts, so that

wy = oz (Kt/Nt)l_a Ky, (5)
qr = (]. — Oé) Zt (Nt/Kt)a thag' (6)

With constant returns to scale in private inputs, factormpagts exhaust output,
there are no rents, and thgparameter can be calibrated in the standard way from
data on labor’s share of total incorpe.

2.3 Resource Constraints

The economy’s aggregate resource constraint is given by
Y, <Ci+ I + Cy + 1y, (7)
and the government’s flow budget constraint is given by

Cot + Iye = 1wy Ny + g I + T, (8)

4We use the convention that when variables appear in bottr lamcupper case, the lower case
variable is a choice or state variable for the individual $ehwld while the upper case variable is
the equivalent aggregaper capitavalue.

SNote that we do not have endogenous growth in our model. Tiredduthe coefficients on
reproducible factors in the production functienst o, is less than one in our calibration.
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wherel, is public investment. The laws of motion for the aggregateape and
public stocks of capital are respectively

Kt—l—l - (1 - 5) Kt + It (9)

and
Kpn=(1—06y) Kot + L. (10)

2.4 Shock Processes

Technology and preference shocks evolve according to #tiesary AR(1) pro-
cesses given by

In(z:) = (1—p)In(z)+p.In(z-1) + €, (11)

In(y) = (1=p)In(y)+pyIn(ve1) + ey, (12)

wherep, andp, are strictly bounded betweenl and1, variables without time
subscript denote steady-state values, andand e, are normal, uncorrelated
white-noise disturbances with standard deviatienando., respectively.

2.5 The Representative Household’s Problem

The representative household chooses time pathg#qr, k141 }.-, in order to
maximize the utility function (1). Given the household'soate of employment
and its future holdings of capital, its investment expamdis are given by the law
of motion for capital, and its private consumption expemdis are given by its
flow budget constraint. The household takes as given the watge the rental
rate on capital, the government’s policy rule, and the feellrule for theper
capitaequivalents of its choice variables. The household is awhtiee govern-
ment’s flow budget constraint, and is able to calculate thel lef lump sum taxes
necessary to balance its budget.



This problem can be expressed as a stationary discounteahuymprogram-
ming problem. The one-period return function of the housgtlean be written
as

71? (Zt7Gt7St7St7Dt7dt) = ln (Ct) - nt1+w7 (13)

Mt
1+
wherec, is given by equation (3). The household’s budget constrsint

o= (1 —To)wng + (1 — 7re) ke — Tt — Ky + (1 — 0) Ky,

where lump sum taxes are given by the government’s flow buctgettraint, and
where

Zy = {Zt>’7t}

is a vector of state variables which are exogenous from tine pb view of the
representative household,
Gy = {th+1a Cgt}

is a vector of government control variables whose laws ofoncdre also exoge-
nous from the point of view of the household,

St = { Ky, K+ }
is a vector of theer capitaequivalents of the household’s state variables,
s¢ = { Ky, ki }
is a vector of the household’s state variables themsélves,
Dy = {Ny, Kyi1}
is the vector oper capitaequivalents of the household’s control variables, and

dy = {nt, kt+1}

6Even though the representative household cannot conga@blution ofK 4, the numerical
solution method we use makes it convenient to incliide as an element of its state vector.
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are the control variables themselves. The household’'svalction can be writ-
ten as
v (Z,G, S, s) =

max {rh (Z,G,S,s,D,d) + BF [vh (Z',G", 5", s | Z, G] } , (14)

where we have dropped time subscripts, where primes deegteeriod values,
and where
Z'=A(Z)+€,

s'=B(Z,G,S,s,D,d),

S'— B(Z,G,S,8,D,D),
G=G(Z,9),
D=D(ZG,5).

The household takes as exogenous the government’s feedidaciven by
(2.5). In equilibrium, this feedback rule must also satisfy government’s opti-
mality conditions. The solution to the household’s dynapriegramming prob-

lem gives a feedback rule of the form

d=d(Z,G,S,s). (15)

2.6 Maximization by the Government

The government chooses time paths{fof, . ;, K1i+1},-, to maximize the util-
ity of the representative household. Public investmertiés tgiven by the law of
motion for the public capital stock, aril is determined in order to satisfy the
government’s flow budget constraint. Because taxes arertiistary, the gov-
ernment cannot attain a first-best optimérithe government takes as given the

economy’s resource constraint and the laws of motion foratligregate capital

’See Chari, Kehoe and Prescott (1989) or Ambler and Desr{i€lgi).
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stocks. It knows the private sector reaction function gibgr{15), and takes into
account the effects of its actions on the private sector. Beaf this, it acts as a
Stackelberg leader with respect to the private sécitle use dynamic program-
ming techniques to derive its optimal strategy, so its pedi@re time-consistent
by construction. The government’s one-period return fiemotan be written as

7"g (Zt, St7 Dt7 Gt) = ln(ét> — iNtlﬂ"lﬁ (16)
with

G, = (0C7+(1—0)Cu ),
Ct = Yt—ft—fgt—Cgt.

Given this return function, the government’s value funct@an be written as
v (Z,8) = max {r9(Z,S,D,G)+ BE W (Z',5") | Z]}. (17)

The solution to the government’s problem gives a feedbalekaiithe same form
as equation (2.5).

2.7 General Equilibrium

The following conditions must hold in general equilibrium.

e All agents maximize given their constraints.

e The optimal feedback rule for the representative houseisotdmpatible
with the feedback rule for thger capitacounterparts of its choice variables,
so that

d(Z,G,8,8)=D(Z,G,S).

8Both the government and the household observe currerighehiocks before making their
decisions. Therefore, shocks to technology and prefesewdeaffect the household’s and the
government’s control variables.



e The law of motion for the government’s control variables iea constraint
in the representative household’s dynamic programminglprois compat-
ible with the optimal feedback rule that is the solution te government'’s
problem.

e Markets clear.

All agents solve dynamic programming problems. Their golimctions de-
pend on the current state of the economy. General equitibituthe model can
therefore be characterized as Markov-perfect.

3. Steady State and Calibration

The optimization problems of the household and the govemceannot be solved
analytically. We used numerical techniques (describedonendetail in Ambler
and Paquet, 1994) that are an extension of those discuskkshgen and Prescott
(1995). We used the household’s and the government’s exstabfder conditions
to calculate the deterministic steady state of the modell@thg run equilibrium
the economy would reach in the absence of stochastic shagigjhen calculated
guadratic approximations of the one-period return fumsiof the household and
government around this point. This gives linear feedbatdsrtor the household
and government and quadratic value functions, and simetative techniques
give the optimal feedback rules and value functidnghe steady-state proper-
ties of the model were used to calibrate some of its parasefdre model was
calibrated to U.S. quarterly data.

The parameter values used in our base-case simulationsii@magized in
Table 1. The subjective discount rate, the depreciation rates andé,, and

9First-order approximations are adequate for analyzingrtbdel’s time series properties. As
shown by Kim and Kim (2003), we would need second-order apprations for valid welfare
comparisons of different policies.
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the share parameter were set to standard values from the real business cycle
literature. The tax rates, andr, were set to 0.197 and 0.303, respectively.

The first order conditions for the representative housetva@re then used to
calibrate the parameters of the utility function. The finglex conditions for the
representative household with respect to its control béetare

ot orh o 0s’'

o0~ od Py ad

0.

Differentiating the value function with respect to the @t states and making

use of the first order conditions gives

ov™ B orh +6(%h8_3’
ds  0Os 0s' Os

In the steady state, this gives
o _ort (L os\ T
ds 0s 0s
so that the first order conditions for the household in thadstestate become
or orh s\ ' as’
Applying this equation to our model and imposing the aggeegansistency con-

ditions gives the following equations:

é(l—Tn)w—vN“’ = 0, (19)

{1l —7m)qg+(1-686)}—-1 = 0. (20)

The last equation gives a solution for the rental rate ofteam the steady
state that depends only on the discount rate, the depratiatte of capital, and
the rate of taxation on capital income. Given this solutiondf, it is possible to
solve for the equilibrium steady-state private capitatktosing equation (9), for

11



given values ofV and K,. Then, for a given level of hours, we can back out the
value of~ consistent with this equilibrium. We calibrated the modekisat the
average number of hours per employéenatched its averageer capitavalue in
the U.S. data. We chose a low value farwhich increases the variability of total
employment.

The first order conditions for the government can be written a

ovd  orY  0r? 0D ovd (35’ oS’ aD)

Y

oG —ac "apoc "as \aa T apac
whered D /0G gives the effects of a change in the government’s controhlabes

on the behavior of the private sector. Differentiating tbeernment’s value func-
tion with respect to the current stat€sand using the first order conditions gives

ovt ot 910D (00195 0D v oS
2S 9S  0D oS 08" 9D 0S 95" 9S )’

At the steady state, this gives

ov_ (07 909D (| (950D  5S'\\7!
2S  \9S 9D oS oD oS  0S '

Evaluating the first order conditions at the steady statesahdtituting this ex-

pression for the partial derivatives of the value functiathwespect to the states

gives:
ord  or? oD
ac " apaa
(G ) ()
oS 9D dS oD 9S ~ 0S
oS’ 95 0D
(8G+8D%>0' (21)

This gives two equations to solve for the steady-state $ewvethe government’s
control variables”;, and K, given the solutions for the steady-state levels of
the household’s control variables. Alternatively, theaste state levels of’, and

12



K, can be imposed, and the first-order conditions can be useatctodut values
of § anda, compatible with these levels.

These equations are complicated to solve. First, it is sacgdo evaluate
the partial derivatives of the private control variableshwiespect to the model’s
state variables and with respect to the government’s clsntithis involves ei-
ther taking total differentials of the household’s first @rdonditions evaluated
at the steady state, or solving for the household’s optiratiback rule, which
necessitates having solved for the steady state of the model

In order to circumvent these difficulties, we proceeded devis. We chose
values forC, andI, to match the average ratios of current government consump-
tion to output and of public investment to output from ouradaet. Then, for
given values of thé anda, parameters and given steady-state valueS cind
1,, as well as a given feedback rule for the government, we ddive model nu-
merically for the private sector’s optimal feedback rules Wen took this private
feedback rule as given and derived the optimal feedbackouldne government,
which gave implied steady-state values €@y and,. For any discrepancy be-
tween the initial and implied values of the government aulstrthed and ¢,
parameters were adjusted in value, and we iterated untilrvxeed at values for
¢ anda, consistent with the initial postulated steady-state déugyiiim, and until
the household’s and government’s value functions congelyje

The parameters of the stochastic process farere calibrated to standard val-
ues from the RBC literature; the value ofs an arbitrary normalization. The pa-
rameters for the preference shock are taken from Chang, GangeSchorfheide
(2002); as noted above the constans chosen so that the steady-state value of

10K]ein, Krusell and Ros-Rull (2008) solve for the steady state of a similar mbgaising only
steady-state information. They approximate the decigitesiby taking successively higher-order
polynomial approximations and truncating the polynomialten the steady state changes by less
than some convergence criterion.

13



hours as a fraction of the time endowment matches the averdge data.

Finally, the elasticity of substitution parametewas set equal to either0.5
for the case in which private consumption and public spendne substitutess(
in the table), or t@.0 for the case in which they are complemenisi( the table).
The steady-state properties of the model are summarizedbile 2 below. The
steady-state level of average hours and the ratios of thegpaoemts of different
aggregates to GNP reproduce their sample averages in Us5. da

4. Results

The model was used to simulate 1000 sequences of artifigigssir output,
public spending, private consumption, private investina real rental rate, and
the real wage. Each series has a length of 300 periods. Inieaakon, the
first 100 observations were discarded to ensure that thésekd not depend on
initial conditions. The number of remaining observatioosghly corresponds to
the sample size used in empirical studies based on quadiztdy

Using the simulated series, we estimated a 4th-order VARlairto those
found in the empirical literatur¥. Like Fatis and Mihov (2001), GallLopez-
Salido and Vaks (2007) and Bouakez and Rebei (2007), we identified govern-
ment spending shocks by imposing a causal ordering on theeromoraneous
shocks using a diagonalization of the variance-covarianatrix of the residu-
als. More specifically, our identification scheme implieattimnovations to gov-
ernment spending affect all the remaining variables coptganeously, whereas
innovations to these variables affect government spermtihgwith a lag*?

Because the model has only two shocks, stochastic sinufagvents us from estimating
a VAR with the six simulated series at once. To circumvens firioblem, we estimated four
different 3-variable VARs that have in commun governmemngling and output but where the
third variable is either private consumption, private siveent, the real rental rate or the real
wage. We varied the lag length from 1 to 8 and found the retulie extremely robust.

12Blanchard and Perotti (2002) do not use a purely recursigatification strategy, but they
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In each iteration, we used these restrictions to computéripalse response
functions to a 1 percent government spending innovatiore résponses, repre-
sented with solid lines in Figures 1 through 4, are averagessa the 1000 repli-
cations. Their confidence intervals, delimited with dotteds, were computed by
excluding the 2.5 percent lowest and highest responsestdsid. and 2 show im-
pulse response functions for the case in which public spgnidiexogenous and
public and private consumption are, respectively, sulisstand complements.
Figures 3 and 4 show impulse response functions for a theicaskich public
spending is chosen optimally, as described in section 2i§ur& 3 depicts the
case where private and public consumption are substitatesFigure 4 the case
where they are complements.

4.1 Exogenous public spending

We start by discussing the case where which public spendipgrely exogenous.
When public and private expenditures are Edgeworth subeditthe simulated
impulse response functions (shown in Figure 1) indicatetuwhaxpected from
standard RBC models: government spending crowds out prieaisuenption:3
Intuitively, the negative wealth effect induced by an irage in public spending is
reinforced by the substitutability between private andlijpidonsumption, leading
households to cut their consumption. As predicted by the RB@amthe increase
in public spending increases labor supply which in turnassutput and decreases
the real wage. It is worth noting that while the increase imrsonvorked and
output are consistent with the VAR-based evidence on thetsft# government
spending shocks, the negative response of the real wagé iSexeral empirical

assume that government expenditures are predetermiradivedb output and taxes.

13For the case where public spending is truly exogenous, tadtical impulse response func-
tions can also be derived. These give exactly the same ars@amée impulse response function
reported and are therefore not reported separately.
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studies find that the response of the real wage to an incregmelic spending is
positive albeit small.

In the case where private and public expenditures are sttongplements
(Figure 1), consumption increases following an increaggmirernment spending.
As explained by Bouakez and Rebei (2007), this result arisesuse the com-
plementarity effect more than offsets the negative wedfdgreassociated with
an increase in public spending. The rise in consumption,elrew requires a
larger increase in labor supply and therefore a greateirdeti the real wage
compared with the case where private and public expenditne substitutes (or
are independent). Thus, while the complementarity betwemate and public
consumption helps to resolve the crowding-in puzzle, itemisl the discrepancy
between the RBC model and the VAR-based evidence with respine tesponse
of the real wage.

4.2 Optimal public spending

We now turn to the analysis of the simulated impulse respéunsetions for the
model in which public spending is set optimally by the goveemt. Starting with
the case where private and public expenditures are suiestitkigure 3 shows
that an orthogonalized positive innovation to public spegdjenerates a large
and persistent increase in private consumption. Interglgti the consumption
response has a hump-shaped pattern, reaching its pealdat@uuarters after
the shock, which accords with much of the evidence reporteithe empirical
literature. The response of the real wage is also positixeefe on impact where
it is negative but indistinguishable from zero), as docureénn earlier VAR-
based studies.

We obtained very similar results, both qualitatively anéifitatively, when
private and public expenditures were assumed to be complsniéigure 4). In
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particular, there is a large, persistent and non-monotorow/ding-in effect on
consumption. In addition, the response of the real wagesgipe at all horizons
(even on impact).

To summarize, when public spending is set optimally, a VARested using
the simulated series, and which identifies innovations i@egunent spending as
is commonly done in the literature, leads to the conclusiat public spending
shocks crowd in private consumption, regardless of whegphigate and public
expenditures are substitutes or complements. This is teéethi@ fact that the data
generating process does not depart from the standard reiallss cycle model,
except for the way the government makes its decisions. Tdrerdghe conclusion
that RBC models are inconsistent with the data is unwarranted.

In order to gain some intuition about the mechanism thatallthe model
with optimal public spending to generate a crowding-in €ffé is instructive to
examine the theoretical response of private and publicdipgrto the different
(true) structural shocks of the economy. Responses to temhnand preference
shocks are depicted in Figure 5 and 6 respectively. Figusdsows that private
consumption and the two components of public spending fiudlic consumption
and investment) increase in response to a technology sHekate and public
consumption are responding optimally to the positive weaffect of the tech-
nology shock. Public investment responds optimally to thesistent increase in
the marginal productivity of public capital. On the othenHaa preference shock
leads to a fall in private and public spending. Private anblipiconsumption
optimally fall as private agents place more weight on lesurivate and public
investment optimally fall as the persistent decrease inhtmwers the marginal
productivity of private and public capital. In sum, privaiad public spending
tend to move together in response to each of the structunaksh
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5. Conclusion

We simulated a model in which public consumption and investinspending are
determined by a government that maximizes a well-definedablog function.
The model generates positive comovement between publicdspgeand private
consumption that is compatible with recent evidence frootofeautoregressions,
whether public and private consumption are substitutesimmptements. The con-
clusion that the empirical evidence is puzzling in the lightstandard general
equilibrium models of the business cycle follows from a modeapproach that
runs counter to the principle of treating all agents as optimg well-defined ob-
jective functions subject to technological and budget traigs.
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Table 1: Parameter Calibration

Parameter

Value

o
Qg
0
dg
5}
(0
0
Os
Oc
z
Pz
O-Z
~
P~
Oy
Tn
Tk

0.640
0.050
0.021
0.021
0.990
0.050
0.693
-0.400
2.000
1.000
0.950
0.007
0.622
0.940
0.0089
0.197
0.313

Table 2: Steady State

Variable Value
N 0.352
Y 1.312
cly 0.664
C,JY 0.169
1Y 0.167
I, 0.024
K/Y 7951
K,)Y 1137
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Figure 1: Simulated impulse responses to a 1 per cent ireiagsublic spending: case with exogenous public
spending and substitutability between private and pubjpzaditures.
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spending and complementarity between private and pubfierditures.
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Figure 3: Simulated impulse responses to 1 per cent inciegmsblic spending: case with optimal public spend-
ing and substitutability between private and public expiemels.
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Figure 5: Theoretical impulse responses to a 1 per cent témip shock.
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