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Abstract
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1. Introduction

Using vector autoregressions (VARs) and various identification schemes, resear-

chers have found that shocks to public spending crowd in private consumption.

Examples include Blanchard and Perotti (2002), Perotti (2004), Perotti (2007),

Fat́as and Mihov (2001), Galı́, López-Salido and Vallés (2007), and Mountford

and Uhlig (2009). The evidence has been challenged recentlyin an important

paper by Ramey (2009). It is nevertheless frequently cited asa paradox in the

context of standard neoclassical models of the business cycle. In both real business

cycle (RBC) models and New Keynesian models, exogenous changesin public

spending crowd out private consumption due to a negative wealth effect.1

We argue that the empirical evidence should not be interpreted as undermining

the neoclassical approach. The underlying philosophy of the real business cycle

(RBC) approach is to build models in which all agents optimize well-defined ob-

jective functions subject to technological and budget constraints. We show that a

standard RBC model with an optimizing government generates positive comove-

ment between public spending and private consumption, justas in the empirical

literature. In our model, public and private expenditures react endogenously to

stochastic shocks affecting preferences and technology. Because the government

ultimately cares about households’ welfare, public spending and private consump-

tion tend to respond similarly to the state of the economy. Interestingly, this holds

whether private consumption and fiscal spending are substitutes or complements.

A few alternative explanations have been proposed to account for crowding in

by public spending. Galı́, López-Salido and Vallés (2007) set up a New Keynesian

model in which a fraction of consumers are constrained to consume their current
1See Aiyagari, Christiano and Eichenbaum (1992) and Baxter and King (1993). Basu and

Kimball (2003) showed that in a New Keynesian model with sticky prices, the negative wealth
effect of an increase in public spending on consumption can be so strong that output also declines.
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disposable income in each period, and households are willing to meet the firms’

demand for labor at the wage rate set by a union. If the fraction of non-Ricardian

consumers is large enough, the model can generate a positiveresponse of con-

sumption to a government spending shock. Bouakez and Rebei (2007) show that

the RBC model can generate crowding in when preferences exhibit strong Edge-

worth complementarity between public and private spending. Linnemann (2006)

obtains the same result with a non-additively separable utility function and a small

intertemporal elasticity of substitution.

Ramey (2009) challenges the crowding-in result. She equatespublic spending

shocks with changes in defense spending coinciding with wars. She furthermore

argues that these shocks were actually predicted quite far in advance. When she

accounts for the timing of changes in expectations, she findsthat the data are

compatible with crowding out rather than crowding in. She rules out non-defense

spending as a source of independent shocks to public spending, which is in keep-

ing with the philosophy of the neoclassical approach and with our model. In

contrast, she models wars as exogenous increases in spending on goods that af-

fect neither individuals’ utility functions nor the aggregate production function.

Arguably, however, even military expenditures could be modeled as endogenous

responses to underlying shocks affecting individual and social welfare and having

direct effects on labor demand, labor supply, and the marginal utility of consump-

tion that are abstracted from in her simple model.

The paper is structured as follows. In the following section, we describe the

model and relate it to the existing literature. In the third section, we discuss the

model’s steady-state properties and its calibration. We present and discuss our

results in the fourth section. The fifth section concludes.
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2. Model

We model endogenous public spending following Ambler and Cardia (1997). A

benevolent government chooses public spending to maximizethe welfare of the

representative private agent. Kydland and Prescott (1977)showed that optimal

government policies are subject to a time inconsistency problem. In our model,

the government cannot precommit to its announced policies for public consump-

tion and public investment spending.2 We use dynamic programming methods

to derive time-consistent policies. Private agents and thegovernment have reac-

tion functions that depend on the current state of the economy (so-called Markov

strategies). The macroeconomic equilibrium in our model istherefore Markov-

perfect. Public spending is financed by proportional taxes on labor and capital

income. Distortionary taxes balance the budget on average.Short-run discrep-

ancies are made up by lump sum taxes. Because of distortionarytaxation, the

first-best optimum is not attainable.3

2.1 Households

There is a representative private household that values consumption and leisure.

Its utility function is given by

Ut = Et

∞
∑

i=0

βi
{

ln (c̃t+i) −
γt

1 + ψ
nt+i

1+ψ

}

, (1)

2Most models with endogenous government behavior assume precommitment. Chamley
(1986), Chari, Christiano and Kehoe (1991, 1995), and Lansing (1998) used the framework first
developed by Ramsey (1927) to consider optimal taxation with precommitment. The existing liter-
ature on optimal time-consistent fiscal policies is more sparse. Fischer (1980) compared the levels
of welfare that can be attained with and without precommitment in a simple model. Lucas and
Stokey (1983) studied how the government can issue nominal debt contracts which make its opti-
mal taxation plans time consistent. Chari and Kehoe (1992) analyzed how trigger strategies can be
used as a means of enforcing precommitment. Ortigueira (2006) studied optimal Markov-perfect
strategies for financing an exogenous stream of government spending.

3See Ambler and Desruelle (1991) for more details on this point.
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whereEt is the mathematical expectations operator conditional on information

available at timet, β is a subjective discount factor,̃ct is the household’s total

consumption,nt is the number of hours worked by the household,γt is a prefer-

ence shock, andψ ≥ 0 is a preference parameter.

Total consumption is a CES aggregate of private and public consumption ex-

penditures,

c̃t =
(

θct
−σ + (1 − θ)Cgt

−σ
)

−1/σ
,

wherect is the household’s consumption spending,Cgt is per capitagovernment

consumption spending, and the elasticity of substitution between private and pub-

lic expenditures isν ≡ 1/ (1 + σ). The CES specification implies that there are

diminishing marginal returns to public spending for a givenlevel of private spend-

ing in order to achieve a given level of total consumption. Bouakez and Rebei

(2007) showed that the magnitude of the elasticity of substitution ν has crucial

implications for the comovement between private and publicspending when the

latter is determined exogenously. In particular, if the elasticity of substitution is

sufficiently low, government spending can crowd in private consumption.

The household has the flow budget constraint given by

ct + it ≤ (1 − τn)wtnt + (1 − τk) qtkt − Tt, (2)

whereτn andτk are, respectively, the labor and capital income tax rates,wt is the

equilibrium real wage rate,qt is the equilibrium capital rental rate, andTt is the

per capitalevel of lump-sum taxation.

The household’s holdings of capital evolve according to

kt+1 = (1 − δ) kt + it, (3)

whereδ is the constant rate of depreciation of private capital.
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2.2 Firms

The representative firm uses capital and labor services purchased from households

to produce goods subject to a production function that has constant returns to scale

in private inputs given by

Yt = ztNt
αKt

1−αKgt
αg , (4)

whereKgt is theper capitastock of public capital at timet, Kt is theper capita

private capital stock,Nt is theper capitanumber of hours worked,4 andzt is an

exogenous stochastic process for the state of technology attime t.

Under perfect competition, factors are be paid their marginal products, so that

wt = αzt (Kt/Nt)
1−αKgt

αg , (5)

qt = (1 − α) zt (Nt/Kt)
αKgt

αg . (6)

With constant returns to scale in private inputs, factor payments exhaust output,

there are no rents, and theα parameter can be calibrated in the standard way from

data on labor’s share of total income.5

2.3 Resource Constraints

The economy’s aggregate resource constraint is given by

Yt ≤ Ct + It + Cgt + Igt, (7)

and the government’s flow budget constraint is given by

Cgt + Igt = τnwtNt + τkqtKt + Tt, (8)

4We use the convention that when variables appear in both lower and upper case, the lower case
variable is a choice or state variable for the individual household while the upper case variable is
the equivalent aggregateper capitavalue.

5Note that we do not have endogenous growth in our model. The sum of the coefficients on
reproducible factors in the production function,α + αg, is less than one in our calibration.
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whereIgt is public investment. The laws of motion for the aggregate private and

public stocks of capital are respectively

Kt+1 = (1 − δ)Kt + It (9)

and

Kgt+1 = (1 − δg)Kgt + Igt. (10)

2.4 Shock Processes

Technology and preference shocks evolve according to the stationary AR(1) pro-

cesses given by

ln (zt) = (1 − ρz) ln (z) + ρz ln (zt−1) + ǫzt, (11)

ln (γt) = (1 − ργ) ln (γ) + ργ ln (γt−1) + ǫγt, (12)

whereρz andργ are strictly bounded between−1 and1, variables without time

subscript denote steady-state values, andǫzt and ǫγt are normal, uncorrelated

white-noise disturbances with standard deviationsσz andσγ respectively.

2.5 The Representative Household’s Problem

The representative household chooses time paths for{nt+i, kt+i+1}
∞

i=0
in order to

maximize the utility function (1). Given the household’s choice of employment

and its future holdings of capital, its investment expenditures are given by the law

of motion for capital, and its private consumption expenditures are given by its

flow budget constraint. The household takes as given the wagerate, the rental

rate on capital, the government’s policy rule, and the feedback rule for theper

capitaequivalents of its choice variables. The household is awareof the govern-

ment’s flow budget constraint, and is able to calculate the level of lump sum taxes

necessary to balance its budget.
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This problem can be expressed as a stationary discounted dynamic program-

ming problem. The one-period return function of the household can be written

as

rht (Zt, Gt, St, st, Dt, dt) = ln (ct) −
γt

1 + ψ
nt

1+ψ, (13)

wherect is given by equation (3). The household’s budget constraintis

ct = (1 − τnt)wtnt + (1 − τkt) qtkt − Tt − kt+1 + (1 − δ) kt,

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

where

Zt = {zt, γt}

is a vector of state variables which are exogenous from the point of view of the

representative household,

Gt = {Kgt+1, Cgt}

is a vector of government control variables whose laws of motion are also exoge-

nous from the point of view of the household,

St = {Kgt, Kt}

is a vector of theper capitaequivalents of the household’s state variables,

st = {Kgt, kt}

is a vector of the household’s state variables themselves,6

Dt = {Nt, Kt+1}

is the vector ofper capitaequivalents of the household’s control variables, and

dt = {nt, kt+1}

6Even though the representative household cannot control the evolution ofKgt, the numerical
solution method we use makes it convenient to includeKgt as an element of its state vector.

7



are the control variables themselves. The household’s value function can be writ-

ten as

vh (Z,G, S, s) =

max
d

{

rh (Z,G, S, s,D, d) + βE
[

vh (Z ′, G′, S ′, s′) | Z,G
]}

, (14)

where we have dropped time subscripts, where primes denote next-period values,

and where

Z ′ = A (Z) + ǫ′,

s′ = B (Z,G, S, s,D, d) ,

S ′ = B (Z,G, S, S,D,D) ,

G = G (Z, S) ,

D = D (Z,G, S) .

The household takes as exogenous the government’s feedbackrule given by

(2.5). In equilibrium, this feedback rule must also satisfythe government’s opti-

mality conditions. The solution to the household’s dynamicprogramming 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 for{Cgt+i, Kgt+i+1}
∞

i=0
to maximize the util-

ity of the representative household. Public investment is then given by the law of

motion for the public capital stock, andTt is determined in order to satisfy the

government’s flow budget constraint. Because taxes are distortionary, the gov-

ernment cannot attain a first-best optimum.7 The government takes as given the

economy’s resource constraint and the laws of motion for theaggregate capital

7See Chari, Kehoe and Prescott (1989) or Ambler and Desruelle(1981).
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stocks. It knows the private sector reaction function givenby (15), and takes into

account the effects of its actions on the private sector. Because of this, it acts as a

Stackelberg leader with respect to the private sector.8 We use dynamic program-

ming techniques to derive its optimal strategy, so its policies are time-consistent

by construction. The government’s one-period return function can be written as

rg (Zt, St, Dt, Gt) = ln(C̃t) −
γt

1 + ψ
Nt

1+ψ, (16)

with

C̃t =
(

θCt
−σ + (1 − θ)Cgt

−σ
)

−1/σ
,

Ct = Yt − It − Igt − Cgt.

Given this return function, the government’s value function can be written as

vg (Z, S) = max
G

{rg (Z, S,D,G) + βE [vg (Z ′, S ′) | Z]} . (17)

The solution to the government’s problem gives a feedback rule of the same form

as equation (2.5).

2.7 General Equilibrium

The following conditions must hold in general equilibrium.

• All agents maximize given their constraints.

• The optimal feedback rule for the representative householdis compatible

with the feedback rule for theper capitacounterparts of its choice variables,

so that

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

8Both the government and the household observe current-period shocks before making their
decisions. Therefore, shocks to technology and preferences will affect the household’s and the
government’s control variables.
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• The law of motion for the government’s control variables that is a constraint

in the representative household’s dynamic programming problem is compat-

ible with the optimal feedback rule that is the solution to the government’s

problem.

• Markets clear.

All agents solve dynamic programming problems. Their policy functions de-

pend on the current state of the economy. General equilibrium in the model can

therefore be characterized as Markov-perfect.

3. Steady State and Calibration

The optimization problems of the household and the government cannot be solved

analytically. We used numerical techniques (described in more detail in Ambler

and Paquet, 1994) that are an extension of those discussed inHansen and Prescott

(1995). We used the household’s and the government’s exact first order conditions

to calculate the deterministic steady state of the model (the long run equilibrium

the economy would reach in the absence of stochastic shocks), and then calculated

quadratic approximations of the one-period return functions of the household and

government around this point. This gives linear feedback rules for the household

and government and quadratic value functions, and simple iterative techniques

give the optimal feedback rules and value functions.9 The steady-state proper-

ties of the model were used to calibrate some of its parameters. The model was

calibrated to U.S. quarterly data.

The parameter values used in our base-case simulations are summarized in

Table 1. The subjective discount rate,β, the depreciation ratesδ and δg, and

9First-order approximations are adequate for analyzing themodel’s time series properties. As
shown by Kim and Kim (2003), we would need second-order approximations for valid welfare
comparisons of different policies.
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the share parameterα were set to standard values from the real business cycle

literature. The tax ratesτn andτk were set to 0.197 and 0.303, respectively.

The first order conditions for the representative householdwere then used to

calibrate the parameters of the utility function. The first order conditions for the

representative household with respect to its control variables are

∂vh

∂d
=
∂rh

∂d
+ β

∂vh

∂s′
∂s′

∂d
= 0.

Differentiating the value function with respect to the current statess and making

use of the first order conditions gives

∂vh

∂s
=
∂rh

∂s
+ β

∂vh

∂s′
∂s′

∂s
.

In the steady state, this gives

∂vh

∂s
=
∂rh

∂s

(

I − β
∂s′

∂s

)

−1

,

so that the first order conditions for the household in the steady state become

∂r

∂d
+ β

∂rh

∂s

(

I − β
∂s′

∂s

)

−1
∂s′

∂d
= 0. (18)

Applying this equation to our model and imposing the aggregate consistency con-

ditions gives the following equations:

1

C
(1 − τn)w − γNψ = 0, (19)

β {(1 − τk) q + (1 − δ)} − 1 = 0. (20)

The last equation gives a solution for the rental rate of capital in the steady

state that depends only on the discount rate, the depreciation rate of capital, and

the rate of taxation on capital income. Given this solution for q, it is possible to

solve for the equilibrium steady-state private capital stock using equation (9), for
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given values ofN andKg. Then, for a given level of hours, we can back out the

value ofγ consistent with this equilibrium. We calibrated the model so that the

average number of hours per employeeN matched its averageper capitavalue in

the U.S. data. We chose a low value forψ, which increases the variability of total

employment.

The first order conditions for the government can be written as

∂vg

∂G
=
∂rg

∂G
+
∂rg

∂D

∂D

∂G
+ β

∂vg

∂S ′

(

∂S ′

∂G
+
∂S ′

∂D

∂D

∂G

)

= 0,

where∂D/∂G gives the effects of a change in the government’s control variables

on the behavior of the private sector. Differentiating the government’s value func-

tion with respect to the current statesS and using the first order conditions gives

∂vg

∂S
=
∂rg

∂S
+
∂rg

∂D

∂D

∂S
+ β

(

∂vg

∂S ′

∂S ′

∂D

∂D

∂S
+
∂vg

∂S ′

∂S ′

∂S

)

.

At the steady state, this gives

∂vg

∂S
=

(

∂rg

∂S
+
∂rg

∂D

∂D

∂S

) (

I − β

(

∂S ′

∂D

∂D

∂S
+
∂S ′

∂S

))

−1

.

Evaluating the first order conditions at the steady state andsubstituting this ex-

pression for the partial derivatives of the value function with respect to the states

gives:
∂rg

∂G
+
∂rg

∂D

∂D

∂G

+β

(

∂rg

∂S
+
∂rg

∂D

∂D

∂S

) (

I − β

(

∂S ′

∂D

∂D

∂S
+
∂S ′

∂S

))

−1

·

(

∂S ′

∂G
+
∂S ′

∂D

∂D

∂G

)

= 0. (21)

This gives two equations to solve for the steady-state levels of the government’s

control variablesCgt andKgt+1, given the solutions for the steady-state levels of

the household’s control variables. Alternatively, the steady-state levels ofCg and
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Kg can be imposed, and the first-order conditions can be used to back out values

of θ andαg compatible with these levels.

These equations are complicated to solve. First, it is necessary to evaluate

the partial derivatives of the private control variables with respect to the model’s

state variables and with respect to the government’s controls. This involves ei-

ther taking total differentials of the household’s first order conditions evaluated

at the steady state, or solving for the household’s optimal feedback rule, which

necessitates having solved for the steady state of the model.

In order to circumvent these difficulties, we proceeded as follows. We chose

values forCg andIg to match the average ratios of current government consump-

tion to output and of public investment to output from our data set. Then, for

given values of theθ andαg parameters and given steady-state values ofCg and

Ig, as well as a given feedback rule for the government, we solved the model nu-

merically for the private sector’s optimal feedback rule. We then took this private

feedback rule as given and derived the optimal feedback rulefor the government,

which gave implied steady-state values forCg andIg. For any discrepancy be-

tween the initial and implied values of the government controls, theθ andαg

parameters were adjusted in value, and we iterated until we arrived at values for

θ andαg consistent with the initial postulated steady-state equilibrium, and until

the household’s and government’s value functions converged.10

The parameters of the stochastic process forzt were calibrated to standard val-

ues from the RBC literature; the value ofz is an arbitrary normalization. The pa-

rameters for the preference shock are taken from Chang, Gomesand Schorfheide

(2002); as noted above the constantγ is chosen so that the steady-state value of

10Klein, Krusell and Ŕıos-Rull (2008) solve for the steady state of a similar modelby using only
steady-state information. They approximate the decision rules by taking successively higher-order
polynomial approximations and truncating the polynomialswhen the steady state changes by less
than some convergence criterion.
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hours as a fraction of the time endowment matches the averagein the data.

Finally, the elasticity of substitution parameterσ was set equal to either−0.5

for the case in which private consumption and public spending are substitutes (σs

in the table), or to2.0 for the case in which they are complements (σc in the table).

The steady-state properties of the model are summarized in Table 2 below. The

steady-state level of average hours and the ratios of the components of different

aggregates to GNP reproduce their sample averages in U.S. data.

4. Results

The model was used to simulate 1000 sequences of artificial series for output,

public spending, private consumption, private investment, the real rental rate, and

the real wage. Each series has a length of 300 periods. In eachiteration, the

first 100 observations were discarded to ensure that the results did not depend on

initial conditions. The number of remaining observations roughly corresponds to

the sample size used in empirical studies based on quarterlydata.

Using the simulated series, we estimated a 4th-order VAR similar to those

found in the empirical literature.11 Like Fat́as and Mihov (2001), Galı́, Lopez-

Salido and Valĺes (2007) and Bouakez and Rebei (2007), we identified govern-

ment spending shocks by imposing a causal ordering on the contemporaneous

shocks using a diagonalization of the variance-covariancematrix of the residu-

als. More specifically, our identification scheme implies that innovations to gov-

ernment spending affect all the remaining variables contemporaneously, whereas

innovations to these variables affect government spendingonly with a lag.12

11Because the model has only two shocks, stochastic singularity prevents us from estimating
a VAR with the six simulated series at once. To circumvent this problem, we estimated four
different 3-variable VARs that have in commun government spending and output but where the
third variable is either private consumption, private investment, the real rental rate or the real
wage. We varied the lag length from 1 to 8 and found the resultsto be extremely robust.

12Blanchard and Perotti (2002) do not use a purely recursive identification strategy, but they
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In each iteration, we used these restrictions to compute theimpulse response

functions to a 1 percent government spending innovation. The responses, repre-

sented with solid lines in Figures 1 through 4, are averages across the 1000 repli-

cations. Their confidence intervals, delimited with dottedlines, were computed by

excluding the 2.5 percent lowest and highest responses. Figures 1 and 2 show im-

pulse response functions for the case in which public spending is exogenous and

public and private consumption are, respectively, substitutes and complements.

Figures 3 and 4 show impulse response functions for a the casein which public

spending is chosen optimally, as described in section 2.6. Figure 3 depicts the

case where private and public consumption are substitutes,and Figure 4 the case

where they are complements.

4.1 Exogenous public spending

We start by discussing the case where which public spending is purely exogenous.

When public and private expenditures are Edgeworth substitutes, the simulated

impulse response functions (shown in Figure 1) indicate what is expected from

standard RBC models: government spending crowds out private consumption.13

Intuitively, the negative wealth effect induced by an increase in public spending is

reinforced by the substitutability between private and public consumption, leading

households to cut their consumption. As predicted by the RBC model, the increase

in public spending increases labor supply which in turn raises output and decreases

the real wage. It is worth noting that while the increase in hours worked and

output are consistent with the VAR-based evidence on the effects of government

spending shocks, the negative response of the real wage is not: Several empirical

assume that government expenditures are predetermined relative to output and taxes.
13For the case where public spending is truly exogenous, the theoretical impulse response func-

tions can also be derived. These give exactly the same answeras the 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 increase in public spending is

positive albeit small.

In the case where private and public expenditures are strongcomplements

(Figure 1), consumption increases following an increase ingovernment spending.

As explained by Bouakez and Rebei (2007), this result arises because the com-

plementarity effect more than offsets the negative wealth effect associated with

an increase in public spending. The rise in consumption, however, requires a

larger increase in labor supply and therefore a greater decline in the real wage

compared with the case where private and public expenditures are substitutes (or

are independent). Thus, while the complementarity betweenprivate and public

consumption helps to resolve the crowding-in puzzle, it widens the discrepancy

between the RBC model and the VAR-based evidence with respect tothe response

of the real wage.

4.2 Optimal public spending

We now turn to the analysis of the simulated impulse responsefunctions for the

model in which public spending is set optimally by the government. Starting with

the case where private and public expenditures are substitutes, Figure 3 shows

that an orthogonalized positive innovation to public spending generates a large

and persistent increase in private consumption. Interestingly, the consumption

response has a hump-shaped pattern, reaching its peak around 12 quarters after

the shock, which accords with much of the evidence reported in the empirical

literature. The response of the real wage is also positive (except on impact where

it is negative but indistinguishable from zero), as documented in earlier VAR-

based studies.

We obtained very similar results, both qualitatively and quantitatively, when

private and public expenditures were assumed to be complements (Figure 4). In
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particular, there is a large, persistent and non-monotoniccrowding-in effect on

consumption. In addition, the response of the real wage is positive at all horizons

(even on impact).

To summarize, when public spending is set optimally, a VAR estimated using

the simulated series, and which identifies innovations to government spending as

is commonly done in the literature, leads to the conclusion that public spending

shocks crowd in private consumption, regardless of whetherprivate and public

expenditures are substitutes or complements. This is despite the fact that the data

generating process does not depart from the standard real business cycle model,

except for the way the government makes its decisions. Therefore, the conclusion

that RBC models are inconsistent with the data is unwarranted.

In order to gain some intuition about the mechanism that allows the model

with optimal public spending to generate a crowding-in effect, it is instructive to

examine the theoretical response of private and public spending to the different

(true) structural shocks of the economy. Responses to technology and preference

shocks are depicted in Figure 5 and 6 respectively. Figures 5shows that private

consumption and the two components of public spending (i.e., public consumption

and investment) increase in response to a technology shock.Private and public

consumption are responding optimally to the positive wealth effect of the tech-

nology shock. Public investment responds optimally to the persistent increase in

the marginal productivity of public capital. On the other hand, a preference shock

leads to a fall in private and public spending. Private and public consumption

optimally fall as private agents place more weight on leisure. Private and public

investment optimally fall as the persistent decrease in hours lowers the marginal

productivity of private and public capital. In sum, privateand public spending

tend to move together in response to each of the structural shocks.
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5. Conclusion

We simulated a model in which public consumption and investment spending are

determined by a government that maximizes a well-defined objective function.

The model generates positive comovement between public spending and private

consumption that is compatible with recent evidence from vector autoregressions,

whether public and private consumption are substitutes or complements. The con-

clusion that the empirical evidence is puzzling in the lightof standard general

equilibrium models of the business cycle follows from a modeling approach that

runs counter to the principle of treating all agents as optimizing well-defined ob-

jective functions subject to technological and budget constraints.
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Klein, Paul, Per Krusell and José-Victor Ŕıos-Rull (2008), “Time-Consistent Pub-

lic Expenditure,” mimeo, University of Western Ontario,Review of Economic

Studies75, 789–808

Kydland, Finn and Edward C. Prescott (1977), “Rules Rather thanDiscretion:

The Time Inconsistency of Optimal Plans,”Journal of Political Economy85,

473–491

Lansing, Kevin J. (1998), “Optimal Fiscal Policy in a Business Cycle Model with

Public Capital,”Canadian Journal of Economics31, 337–364

Linnemann Ludger (2006), “The Effects of Government Spending on Private Con-

sumption: a Puzzle?”Journal of Money, Credit and Banking38, 1715–1735

Lucas, Robert E. Jr. and Nancy L. Stokey (1983), “Optimal Fiscal and Monetary

Policy in an Economy without Capital,”Journal of Monetary Economics12,

55–93

21



Mountford Andrew and Harald Uhlig (2009), “What are the Effects of Fiscal Pol-

icy Shocks?”Journal of Applied Econometrics24, 960–992

Ortigueira, Salvador (2006), “Markov-Perfect Optimal Taxation,” Review of Eco-

nomic Dynamics9, 153–178

Perotti, Roberto (2004), “Estimating the Effects of Fiscal Policy in OECD Coun-

tries,” draft, IGIER

Perotti, Roberto (2007), “In Search of the Transmission Mechanism of Fiscal

Policy,” in: Daron Acemoglu, Kenneth Rogoff and Michael Woodford, eds.,

NBER Macroeconomics Annual 2007Chicago, Chicago University Press

Ramey, Valerie (2009), “Identifying Government Spending Shocks: It’s All in the

Timing,” draft, University of California at San Diego

Ramsey, Frank (1927), “A Contribution to the Theory of Taxation,” Economic

Journal37, 47–61

22



Table 1: Parameter Calibration

Parameter Value
α 0.640
αg 0.050
δ 0.021
δg 0.021
β 0.990
ψ 0.050
θ 0.693
σs -0.400
σc 2.000
z 1.000
ρz 0.950
σz 0.007
γ 0.622
ργ 0.940
σγ 0.0089
τn 0.197
τk 0.313

Table 2: Steady State

Variable Value
N 0.352
Y 1.312
C/Y 0.664
Cg/Y 0.169
I/Y 0.167
Ig 0.024
K/Y 7.951
Kg/Y 1.137
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Figure 1: Simulated impulse responses to a 1 per cent increase in public spending: case with exogenous public
spending and substitutability between private and public expenditures.
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Figure 2: Simulated impulse responses to 1 per cent increasein public spending: case with exogenous public
spending and complementarity between private and public expenditures.
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Figure 3: Simulated impulse responses to 1 per cent increasein public spending: case with optimal public spend-
ing and substitutability between private and public expenditures.
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Figure 4: Simulated impulse responses to 1 per cent increasein public spending: case with optimal public spend-
ing and complementarity between private and public expenditures.
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Figure 5: Theoretical impulse responses to a 1 per cent technology shock.
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Figure 6: Theoretical impulse responses to a 1 per cent preference shock.
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