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Abstract

Standard New Keynesian models cannot generate the widely observed result

that private consumption is crowded in by government spending. We use a New

Keynesian endogenous growth model with endogenous labour supply to analyse

this phenomenon. The presence of small direct productivity effects of government

spending as well as Calvo pricing and a Taylor monetary policy rule significantly

enhance the growth rate effect of temporary government spending. The resulting

model can explain the consumption crowding-in phenomenon for realistic parameter

values. We also find plausible values for the government spending multiplier.

JEL Classification: E20, E62, O40

Keywords: New Keynesian Macroeconomics, Endogenous Growth,

Crowding in, Spending Multiplier

∗Corresponding Author. Department of Economics, Maastricht University, P.O. Box 616, 6200MD
Maastricht, The Netherlands, E-Mail: s.kuehn@maastrichtuniversity.nl
†Maastricht University
‡Maastricht University and Nyenrode School of Accountancy and Controlling, Nyenrode Business

University, The Netherlands

1



1 Introduction

Under what conditions will a temporary government spending shock increase the econ-

omy’s rate of growth? Higher growth will lead to a level effect for private consumption,

raising it above the baseline scenario level. This is called crowding in of consumption

by government spending, a phenomenon frequently observed in empirical research (Blan-

chard and Perotti, 2002; Burnside et al., 2004; Castro, 2006; Gaĺı et al., 2007; Perotti,

2007). This observation contrasts with the prediction of the neoclassical RBC model

(Baxter and King, 1993) as well as a standard New Keynesian model (Linnemann and

Schabert, 2003b). In Kühn et al. (2009) we show that various extensions of household

behaviour, e.g. including a preference for government expenditure in the utility function

(Linnemann and Schabert, 2003a) or introducing rule-of-thumb consumer behaviour (Gaĺı

et al., 2007), are not able to explain this phenomenon in a satisfactory way.

In this paper we explore a new route by applying three well established mechanisms

that in combination will lead to consumption crowding in a few periods after a temporary

government spending shock: endogenous growth, productive government spending and

New Keynesian deviations from the flexible price equilibrium.

The relationship between fiscal policy, both taxation and spending, and growth has

been analysed extensively for permanent changes in the comparison of steady states.

Turnovsky (2000) finds that increases in distortional taxation tend to reduce growth, while

increases in both productive and non-productive government spending increase growth.

While temporary government spending will generally work through the same mech-

anisms as permanent government spending to increase growth, the temporary negative

wealth effect induces households to temporarily save less and consume more to smooth

their consumption over time. This effect tends to reduce growth. We derive analytically

under which conditions the growth increasing effect of government spending dominates

the consumption smoothing effect of households. In general, we find that the effect de-

pends on duration of the shock and on the labour supply response, which is similar to

the finding of Chang (1999) concerning capital accumulation in a standard RBC model

without endogenous growth.

We find that under certain conditions a basic flexible price model of endogenous growth
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without productive government spending could lead to higher growth and thus a positive

level effect in private consumption, although these conditions are very restrictive. When

we allow for productivity effects of government spending, these conditions relax signif-

icantly. We can thus obtain a significant positive effect on private consumption under

standard parameter settings.

A novel aspect in the analysis of the effects of temporary government spending is the

introduction of Calvo (1983) price stickiness, the New Keynesian Phillips curve as well

as a Taylor monetary policy rule in a model of endogenous growth.1 If the central bank

increases the interest rate above its flexible price level in response to output deviations

from steady state, growth will be increased even further, resulting in stronger consumption

crowding in.

The current economic crisis has lead to a renewed discussion on the size of government

spending multipliers. A recent overview paper written by Hall (2009) surveys empirical

findings on the size of fiscal multipliers as well as it discusses model extensions to obtain

a multiplier of a certain size. However, the standard New Keynesian model always pro-

duces a lower medium run multiplier than the impact multiplier, while empirically the

opposite can be found (Gaĺı et al., 2007; Perotti, 2007). The additional growth induced

by government spending in the setup of the endogenous growth model allows medium

run multipliers to exceed impact multipliers. Combined with the consumption crowding-

in capabilities, this fact makes the New Keynesian endogenous growth model a serious

alternative to the standard New Keynesian model for the analysis of temporary fiscal

policy.

In Section 2 we present the flexible price model model of endogenous growth with pro-

ductive government spending and analyse its dynamics in Section 3. The New Keynesian

extension of the growth model and the implications for the impact of fiscal policy are

discussed in Section 4. In Section 5 we present some simulation results of the extended

model to illustrate its consumption crowding in potential. Section 5.2 discusses the out-

put multipliers of the New Keynesian endogenous growth model and compares them to a

standard New Keynesian model. Section 6 concludes.

1We only know of papers employing a New Keynesian growth model in the analysis of monetary policy,
i.e.: Rannenberg (2008), Hiroki (2009)
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2 The Endogenous Growth Model

In this section we present a flexible price endogenous growth model with productive

government spending. This enables us to analyse the impact of government spending in

a way that allows for consumption crowding in, as we show in the next section.

2.1 Productive Government Spending and Endogenous Growth

The endogenous growth model we employ follows Romer (1986). The idea is that capital

accumulation generates aggregate knowledge available for all firms, so that even though

capital faces diminishing returns on the firm level, it exhibits constant returns on the

aggregate level. Therefore, there is no limit to capital accumulation. We combine this

notion with an insight of Barro (1990), who also uses a production function where firms

face diminishing returns to capital, but where government spending provides productive

services so that on aggregate returns to capital are constant again.

The use of productive government spending as the additional accumulated resource to

generate endogenous growth is common practice in the literature. Furthermore, there is

ample evidence that government activity is indeed productive - see Romp and de Haan

(2007) and Bom and Lighthart (2008) for recent surveys of the literature. They also

discuss whether public capital stock or government spending flows must be used in the

production function and conclude that both stocks and flows are used in the analyses.

Most authors assume a proportional relation between the productivity of the capital

stock and of the spending flows. For example, Turnovsky (1997) noted that the public

capital stock rather than government flow spending should be used in the production

function. Nevertheless, he uses flow spending in a model with endogenous labour supply

in Turnovsky (2000).

There are several reasons why that is preferable. First, there are clearly elements of

government flow spending, like security, that directly ensure the productivity of private

capital without amending to a stock. Second, a model with a public capital stock needs

constant flow spending to counter depreciation of that capital stock, so that in steady

state both types of analysis yield the same conclusions. Third, using flow spending makes

the model analytically more tractable since an additional capital stock complicates the
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analysis of the dynamics considerably. For these reasons we also use the flow approach to

derive clear analytical results.2

2.2 Production

We specify the production function for firm i in period t as a Cobb-Douglas function

Y i
t = A(Ki

t)
α(Lit)

1−αTFPt(Kt, Gt). (1)

The variables Y i
t , Ki

t and Lit represent output, capital and employment, respectively.

Total factor productivity TFPt is identical for all firms and represents on the one hand

technological spillovers (following Romer, 1986), for simplicity represented by the level of

aggregate capital Kt, and on the other hand the productive effect government spending

Gt (following Barro, 1990). To simplify notation, we specify:

TFPt = Kε
tG

γ
t . (2)

Government spending is a constant share θ of output, which implies the spending rule

Gt = θYt. (3)

Assuming identical firms, the aggregate production function is

Yt =
n∑
i=1

Y i
t = (Aθγt )

1
1−γK

α+ε
1−γ
t L

1−α
1−γ
t . (4)

Endogenous growth requires that the marginal product of the accumulated resource, cap-

ital, does not diminish as it accumulates. We therefore assume ε = 1− α− γ to hold.

Romp and de Haan (2007) find in their survey of the literature that the elasticity

of output with respect to government spending (γ) lies between 0 and 0.4, where more

recent research results indicate that it should be at the lower end of this margin. Bom

2For illustrative purposes, we also simulate a model with a government capital stock in section 5,
where we conclude that qualitative results are not affected.
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and Lighthart (2008) estimate in their Meta analysis of different studies a γ of 0.086.3

This implies that γ should not exceed 0.1 if one wants the model to imply a realistic

productivity effect of government spending.

2.3 The Firms

Each firm i minimises costs rktK
i
t + wtL

i
t subject to output produced. The variables rkt

and wt represent the return on capital in use and the wage rate, respectively, in period t.

The firm takes rkt and wt as given. Solving the Lagrangian and interpreting the Lagrange

multiplier as marginal cost mc, we obtain the first order conditions:

rkt = mctα
Y i
t

Ki
t

, (5a)

wt = mct(1− α)
Y i
t

Lit
. (5b)

Aggregating across all identical firms and using equation (4), equations (5a) and (5b)

become

rkt = mctα(Aθγ)
1

1−γL
1−α
1−γ
t , (6a)

wt = mct(1− α)(Aθγ)
1

1−γKtL
−α−γ

1−γ
t . (6b)

Following a standard set-up of monopolistic competition as described in Woodford

(2003), firms set their prices as a desired mark-up µ > 1 over their real marginal cost.

In a flexible price steady state this mark-up is constant and depends on the elasticity of

demand that firms face; a higher elasticity of demand corresponds to a lower mark-up.4

The result is that under symmetric firms holds

mct =
1

µ
. (7)

3In fact, they survey the elasticity of output with respect to public capital. However, a constant public
capital stock requires flow investment of IG = δKG, where δ is depreciation. Substituting this for KG

in a production function shows that flow spending has the same elasticity as the capital stock in steady
state.

4For simplicity we do not present here the full model including the distinction between an intermediate
goods and a final goods sector - for the full model see Woodford (2003).
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2.4 Households

The representative household maximises its intertemporal utility over consumption C and

leisure Λ subject to a budget constraint and a capital accumulation equation. This can

be specified as follows:

max
C,Λ

∞∑
t=0

βtut(C,Λ), (8)

where β < 1 is the time discount factor. Since the household’s available time is bounded,

we need the representative household to supply a constant number of hours when real

wage is growing. Therefore, income and substitution effects must be exactly offsetting. We

restrict our attention to the commonly used CES function with log-utility for consumption.

We furthermore use the common specification of introducing labour supply L directly in

the utility function, where L = 1 − Λ when we normalise total available time to unity.

We thus obtain

ut = log(Ct)−
L1+σ
t

1 + σ
, (9)

where σ > 0 is the inverse of the intertemporal elasticity of labour supply.

Utility is maximised subject to the budget constraint and the capital accumulation

identity

wtLt + (Rt)Bt/Pt + rktKt + κt ≥ Ct + τt +Bt+1/Pt + It, (10a)

Kt+1 = (1− δ)Kt + It, (10b)

where κt are profits from firm ownership of households, τt lump sum taxes, Rt the gross

nominal interest rate in period t and δ is the capital depreciation rate. Ct is consumption,

It is investment, Pt is the price level and Bt is the stock of bonds in period t.5 Government

spending uses resources that are unavailable to households, either through direct taxation

or indirectly by households buying government bonds. We only deal with lump sum

5The stock of bonds in the economy was issued by the government, which pays interest i = R− 1 on
it.
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taxation, meaning that any debt owed by the government to households can simply be

repaid by taxing households that amount, thereby implying Ricardian equivalence. Thus,

a fiscal financing rule is not needed.

Household optimisation leads to the following first order conditions:

Ct = Ct+1
1

β

πt+1

Rt+1

(11a)

rkt+1 =
Rt+1

πt+1

+ δ − 1 (11b)

wt = Lσt Ct (11c)

Equation 11a is the standard Euler equation, showing the intertemporal consumption

path depending on the real interest rate. R
π

represents the real interest rate on bonds,

where πt+1 = Pt+1

Pt
is the gross inflation rate. Arbitrage ensures that the real interest rate

on bonds equals the real return on capital. Condition (11c) shows the equality between

the marginal utility of consumption and leisure, where the relative price of leisure in terms

of consumption is the real wage. Inelastic labour supply then results when σ →∞.

2.5 The Complete Model

Demand for labour and labour supply, equations 6b and 11c respectively, determine the

labour market equilibrium. This yields:

Lt =

(
mct(1− α)(Aθγ)

1
1−γ

Ct
Kt

) 1−γ
σ+α−γ(1+σ)

. (12)

We restrict γ to

γ <
α + σ

1 + σ
. (13)

Without this restriction one might find ∂L
∂x
→ ∞, where x could be mc, A or θ. A

shock increasing labour supply will increase output, which in turn increases government

spending (see equation 3). When government spending is too productive, the following

increase in labour productivity is so strong that the large rise in real wages leads to an
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exploding behaviour of labour supply.

Using the resource constraint Y = C + I + G as well as the definition of the growth

rate of capital gt = Kt
Kt−1
− 1, the full flexible price model then can be represented by the

following system of 6 equations:

Yt
Kt

= mcc1t (1− α)c1(Aθγt )
1

1−γ (1+c1)

(
Ct
Kt

)−c1
(14a)

Ct
Kt

=
Ct+1

Kt+1

(1 + gt+1)
1

β

1

1− δ + rkt+1

(14b)

gt+1 =
It
Kt

− δ (14c)

It
Kt

= (1− θt)
Yt
Kt

− Ct
Kt

(14d)

rkt = mc1+c1
t α(1− α)c1(Aθγ)

1
1−γ (1+c1)

(
C

K

)−c1
(14e)

mct =
1

µ
(14f)

with

c1 =
1− α

σ + α− γ(1 + σ)
> 0.

We analyse the dynamics of this model in the next section.

3 Analysis of the Flexible Price Endogenous Growth

Model

We analytically derive the dynamics involved when a temporary government spending

shock affects the economy, where the focus lies on the impact on the economy’s growth

rate. First, we analyse how a permanent government spending shock affects the growth

rate of the economy to illustrate the mechanisms at work in the model. We do this by

deriving the steady state growth rate in Section 3.1 and the dynamic process around the

steady state in Section 3.2. The impact of a temporary shock in government spending is

discussed in Section 3.3.
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3.1 Steady State

The steady state is the flexible price equilibrium when Y , K, C, I and w all grow at a

constant rate of growth, g. By imposing ∆C
K

= 0 on equation 14b and using equation 6a

we obtain an expression relating steady state growth to the steady state labour supply.6

g = β

(
1 +

α

µ
(Aθγ)

1
1−γL

1−α
1−γ − δ

)
− 1. (15)

Steady state labour supply, as long as it is elastic (i.e. σ is finite), can be identified

implicitly as in Turnovsky (2000). Labour supply determines output as well as the re-

turn to capital, which in turn determines the steady state growth and thus investment,

leaving resources available for consumption after subtracting government spending. This

consumption has to be such that it induces households to supply exactly that amount of

labour that delivers that consumption. The resulting consumption and leisure have to

match the resource constraint. An increase in government spending share θ then increases

labour supply because of the negative effect on consumption, and thus its influence on

the substitution between consumption and leisure.

Lemma 3.1 A permanent increase of the share or government spending in output (θ)

leads to a permanent increase in growth if either (a) government spending is productive

(γ > 0) or (b) labour supply is elastic (i.e. σ is finite), or both (a) and (b) hold.

Proof (a) follows immediately from equation 15 (and from the positive impact of θ on

labour supply, as long as it is elastic). (b) follows from the identification of the steady

state labour supply. If we make the approximation (1− β)(1− δ) ≈ 0, we can explicitly

solve for steady state labour supply.

L =

(
1−α
αβ

a2 − 1

) 1
1+σ

(16)

with

a2 =
(1− θ)µ
αβ

.

6This equation is in line with the steady state growth rate g = AαL1−α− δ−ρ found for the standard
AK model with exogenous labour supply, see for instance Barro and Sala-i-Martin (1995), where β = 1

1+ρ .
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Equation 16 immediately proves point (b).7 �

An increase in government spending share θ increases the growth rate in two ways.

On the one hand it increases labour supply, as we argued above. This in turn raises the

marginal product of capital and thus the real interest rate - this is the effect analysed

in Turnovsky (2000). On the other hand, more productive government spending directly

raises the return to capital. The higher interest rate induces households to save more,

thus creating more steady state growth - this is the effect analysed in Barro (1990).

3.2 Dynamics around the Steady State

The usual procedure for the analysis of dynamics of a model around the steady state is

the evaluation of a Taylor expansion around that steady state. We will also follow that

approach later on. However, we first show the precise dynamic equations for the flexible

price model.

We reduce the flexible price model (equations 14a to 14f) to two equations that can

be represented in the (C/K, g) space, see Figure 1a.

gt+1 = (1− θt)
(

1− α
µ

)c1
(Aθγt )

1
1−γ (1+c1)

(
Ct
Kt

)−c1
− Ct
Kt

− δ (17a)

Ct
Kt

=
Ct+1

Kt+1

(1 + gt+1)
1

β

1

1− δ + α
µ

(
1−α
µ

)c1
(Aθγt+1)

1
1−γ (1+c1)

(
Ct+1

Kt+1

)−c1 (17b)

Equation (17a) reflects the intratemporal choice of consumption and labour supply as

well as the resource constraint, which we represent as the GG curve. A higher current

level of consumption lowers labour supply via the consumption leisure trade-off. This

lowers output, and thus resources available for investment and growth. Furthermore,

higher consumption directly uses resources for growth. Thus, the GG curve is downward

sloping in the (C/K, g)-plane. This curve will shift to the left when the government uses

more resources.8

7We obviously need a2 > 1, hence θ < 1− αβ
µ .

8It is actually possible for the GG curve to shift to the right upon a government spending increase
when output increases by more than government spending. This is the case when 1−θ

θ
γ

1−γ (1 + c1) > 1.
The part 1−θ

θ
γ

1−γ of this condition is the direct productivity impact of government spending. The part
1 + c1 is the labour supply effect of productive government spending.
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Equation (17b) represents the intertemporal consumption smoothing objective of house-

holds, which we represent as the CC curve. It contains essentially two arguments: future

consumption and the real interest rate. Since higher growth raises the absolute level of

future consumption given C/K, the curve is upward sloping in in the (C/K, g)-plane.

Furthermore, a change in future C/K, shifts the curve upward.

Finally, as in a standard model, the real interest rate plays a role in intertemporal

consumption substitution. The real interest rate depends on next period’s return to

capital, which in turn depends positively on labour supply and therefore negatively on

consumption. Therefore, the CC curve in the flexible price model can be represented as

depending only positively on future consumption.9

An increase in productive government expenditures raises the return to capital, thereby

increasing the real interest rate and shifting the CC curve down, ceteris paribus. When

government spending is not productive, it does not directly affect the CC curve.

The steady state relationship for a stable consumption path is defined by setting

∆C
K

= 0 in equation (17b), which yields:

C

K
=

 α
µ

(
1−α
µ

)c1
(Aθγ)

1
1−γ (1+c1)

1+g
β
− 1 + δ


1
c1

. (18)

The ∆(C/K) = 0 curve shows possible combinations of consumption level and growth

consistent with a constant level of consumption per unit of capital on the steady state

growth path. The slope of the ∆(C/K) = 0 shows the reaction of the real interest rate

to a change in consumption via the labour supply response. Note that a higher rate of

growth requires a higher real interest rate for households to save sufficiently. In case of

elastic labour supply the return to capital increases upon a fall in consumption, inducing

higher growth. As a consequence the ∆(C/K) = 0 curve is downward sloping, but it is

steeper that the GG curve.10 When labour supply is inelastic, the ∆(C/K) = 0 curve is

vertical.

9Under sticky prices, with the interest rate not directly connected to consumption and labour supply,
the real interest rate enters as an additional argument in the CC curve.

10Proof: For ∆C
K = 0: d(C/K)

dg = − 1

c1
(1−θ)Y/K
C/K

1
a2

. For GG: d(C/K)
dg = − 1

c1
(1−θ)Y/K
C/K

+1
. Since a2 > 1, the

latter slope is clearly flatter.
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Similar to the CC curve, the ∆(C/K) = 0 curve will shift to the right when gov-

ernment expenditures increase, as long as government expenditures are productive. The

more productive government expenditures are, the stronger the curve will shift to the

right.

Figure 1

(a) The basic phase diagram
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(b) A government spending shock (γ = 0)
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In steady state the consumption growth trade-off given by the ∆(C/K) = 0 curve has

to be consistent with the resource constraint given by the the GG curve. Therefore, their

intersection S in Figure 1a determines the steady state equilibrium. The instantaneous

equilibrium is always given by the intersection of the CC and the GG curves. When this

intersection is at point S, then by construction ∆(C/K) = 0.

For a given set of parameters that keep the position of the GG curve unchanged,

the model will always be on its steady state growth path. A hypothetical intersection

of CC and GG at any other point than S, like A in Figure 1a, implies ∆(C/K) > 0,

meaning that households expect an upward sloping consumption path when normalised

for capital growth. Since this is inconsistent with the required movement to point S, point

A cannot be a rational expectations equilibrium and households will choose consumption

and growth so that the economy is at point S when there is no expected shift of the GG

curve. The immediate jump onto the steady state growth path is a feature that is found

in the simple AK model (see Barro and Sala-i-Martin, 1995) as well as in models with

endogenous labour supply (Turnovsky, 2000).
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3.3 The Impact of Increased Government Spending

We model a temporary government spending shock as an autoregressive shock to the share

of government spending in output, θ, so that

θ̂t = ρθθ̂t−1 0 ≤ ρθ ≤ 1. (19)

Graphically, this implies an immediate shift of the GG curve to GG′ in Figure 1b - where

for the sake of exposition we assume γ = 0 - and thereafter a gradual shift back to the

original position GG over time. Due to the negative wealth effect on future consumption

induced by a persistent (ρθ > 0) shock the CC curve also shifts down. The more persistent

the shock is, the larger is the shift. A permanent shock shifts it to point B, while a one

period shock does not shift it, implying a short run equilibrium at point C. The actual

intersection point A, and therefore the question whether growth increases or decreases,

depends on a number of parameters. As the government spending shock fades away, the

economy returns along the arrows back to the steady state.

To analyse under what conditions a temporary government spending shock increases

growth we linearise the model around its steady state using a first order Taylor approx-

imation. The resulting equations can be seen in Appendix A. We use the method of

undetermined coefficients to solve the model analytically.

Lemma 3.2 A temporary government spending shock temporarily increases growth and

thus induces a permanent positive level effect on C, Y and K if either labour supply is

sufficiently elastic, or government spending is sufficiently productive, or a combination of

both.

(a). When government spending is unproductive, meaning γ = 0, then the inverse elas-

ticity of labour supply needs to fulfill the condition

σ < (1− α)
ρθ

1− ρθ

(
1− β 1− δ

1 + g

)
− α (20)

to allow higher temporary growth.
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(b). When labour supply is exogenous, meaning σ →∞, then government spending pro-

ductivity needs to fulfill the following condition

γ

1− γ
>

(1− ρθ)a2

(a2 − ρθ)
(

1− ρθ 1−δ
1+g

)
+ ρθ((1− β)a2 + (1− ρθ)) 1−δ

1+g

θ

1− θ
(21)

to allow a higher temporary growth.

Proof We define ĉt = ϕ1θ̂t and ĝt+1 = ϕ2θ̂t. We specify the government spending shock

according to equation (19). The impact responses of C and g to a shock in θ are defined

by

ϕ1 = − A12

A11 − ρθ
(22a)

ϕ2 =
1 + g

g

(
a1a2(1 + c1)− g+δ

1+g

)
ρθa1c2

γ
1−γ + (ρθa1c1 − (1− ρθ))a1a2

(
θ

1−θ (c2 − 1)− γ
1−γ c2

)
(A11 − ρθ)(c2 − (1− a1))

(22b)

where all parameters are defined in Appendix A.

Conditions (20) and (21) follow directly from equation (22b) by setting γ = 0 or

σ →∞, respectively. Furthermore, it can be shown that

∂ϕ2

∂γ
> 0.

�

Figure 2 illustrates how an increase in γ increases the range of allowable σ for a

positive reaction of growth to the temporary government spending shock. The intercepts

with γ = 0 and σ →∞ are given by conditions 20 and 21.

A temporary government spending shock primarily induces households to reduce sav-

ing since they want to smooth consumption over this temporary fall in resources. The

more persistent the government spending shock (higher ρθ), the less strong this consump-

tion smoothing motive will be, since next period’s consumption is lower as well. The loss

in resources leads to a fall in consumption possibilities, which then induces agents to work

more. The increase in labour supply on one hand increases the return to capital, and thus
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Figure 2: The shaded area represent the regions of parameter combinations of γ and σ
where growth increases following a temporary government spending shock. An increase
in σ requires an increase in γ to counter the lower labour supply effect. The calculation
was made with parameters from Table 1, page 22.

the real interest rate, which increases saving desire, and on the other hand directly in-

creases output and thus resources available for investment. This potentially allows higher

growth.

In Figure 1b, the intersection of CC ′ and GG′ at point A lies further to the right

the more persistent the shock is, which can easily be seen in equation (22b). A higher

responsiveness of labour supply to a fall in consumption makes the ∆C/K = 0 curve

flatter and thus moves point B right. This implies that there is a larger range for point

A to be above g∗. Intuitively, the larger the increase in labour supply, the larger the

increase in output allowing directly more investment, and the larger the increase in the

real interest rate, leading to more saving and investment. Both mechanisms combined

can increase growth. When labour supply is inelastic, then both of these mechanisms fall

away and growth decreases when government spending is not productive.

When government spending is productive (γ > 0), two effects are at work. The first

is the direct positive effect on output and thus investment possibilities, thus shifting GG′

right. The second is the positive effect on the return to capital, which increases the

interest rate and induces higher saving and investment. This shifts both the ∆(C/K) = 0
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right as well as the CC ′ curve further down. Both of these effects increase the growth

inducing effect of the increase in labour supply caused by higher government spending.

When labour supply is inelastic, then the productive effect of government spending has

to be larger in order to induce more growth.

We showed that even in a flexible price endogenous growth model a temporary gov-

ernment spending shock can lead to a positive long run effect on consumption and output

under certain conditions, like productive government spending and elastic labour supply.

In the next section we will discuss how the analysis is affected by the introduction of New

Keynesian price rigidities.

4 The New Keynesian Adjustments

4.1 New Keynesian Extension

A New Keynesian model is characterised by allowing for temporary deviations from the

flexible price equilibrium caused by price stickiness. In line with the literature we assume

a Calvo (1983) pricing mechanism, implying that only a certain share, 1−φ, of firms can

reset their price at the desired mark-up µ in every period. Since the other firms cannot

set their price at the desired constant mark-up above marginal costs, the mark-up and

real marginal costs become variable over time. Combining equations (6a) and (6b) by

substituting away labour L, we can represent real marginal cost of producing one extra

unit of output as

mct =
(rkt )

α−γ
1−γ w

1−α
1−γ
t

(Aθγ)
1

1−γ α
α−γ
1−γ (1− α)

1−α
1−γK

1−α
1−γ
t

. (23)

Higher marginal costs will lead to higher inflation π, as shown by the New Keynesian

Phillips curve derived among others by Gaĺı and Gertler (1999).

π̂t = βπ̂t+1 + χm̂ct, (24)

where χ = (1−φ)(1−βφ)/φ and φ is the share of firms not able to reset price in a certain
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period and x̂ denotes the percentage deviation of a variable x from its steady state value.

We furthermore assume a central bank setting the interest rate on the bonds market

in reaction to deviations of output and inflation from their flexible price level in a Taylor

rule fashion. As we show in Kühn and Muysken (2009), a Taylor rule in an endogenous

growth model can be written as

Rt = R∗ + ρπ(πt − π̄) + ρy

(
Yt
Kt

−
(
Y

K

))
(25)

where R∗ is the nominal target interest rate corresponding to the steady state natural

real rate plus target inflation π̄ and
(
Y
K

)
is the target steady state output capital ratio.

The output gap is expressed relative to capital, in line with the tradition of endogenous

growth models. As we explain in Kühn and Muysken (2009), a positive value of ρy results

since the reaction to the output gap captures variations in the natural real rate of interest,

which should be accounted for by a central bank reaction function (Woodford, 2001).

4.2 New Keynesian Model

The full model is similar to the flexible price model of section 2.5. There are two dif-

ferences, however. First, the process for real marginal costs (equation 23) replaces equa-

tion (14f). Second, the nominal interest rate is set by the central bank. This means that

we additionally have to state equation (11b) explicitly as (26f), which we implicitly used

in the flexible price model through its substitution into equation (11a). The full model is

therefore:
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Yt
Kt

= mcc1t (1− α)c1(Aθγt )
1

1−γ (1+c1)

(
Ct
Kt

)−c1
, (26a)

Ct
Kt

=
Ct+1

Kt+1

(1 + gt+1)
1

β

1

1− δ + rkt+1

, (26b)

gt+1 =
It
Kt

− δ, (26c)

It
Kt

= (1− θt)
Yt
Kt

− Ct
Kt

, (26d)

mct = (rkt )
1

1+c1

(
Ct
Kt

) c1
1+c1

α
− 1

1+c1 (1− α)
− c1

1+c1 (Aθγt )−
1

1−γ , (26e)

rkt =
Rt

πt
+ δ − 1, (26f)

π̂t = βπ̂t+1 + χm̂ct (26g)

Rt = R∗ + ρπ(πt − π̄) + ρy

(
Yt
Kt

−
(
Y

K

))
(26h)

with

c1 =
1− α

σ + α− γ(1 + σ)
> 0.

4.3 New Keynesian Dynamics

To analyse the effects of a temporary government spending shock we linearise the model

around its steady state using a first order Taylor approximation. The resulting equations

can be seen in Appendix B.1. We use the method of undetermined coefficients to solve

the model analytically. Again we use the government spending process from equation 19.

Lemma 4.1 Given a central bank reaction function that perfectly accommodates the nom-

inal interest rate to changes in the natural real rate as they are caused by a change in gov-

ernment spending, implying ρy = α
µ
π̄, the New Keynesian model behaves like the flexible

price model.

Proof We define ĉt = ϕ1θ̂t, ĝt+1 = ϕ2θ̂t and π̂t = ϕ3θ̂t. The impact responses of these
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variables to a shock in θ are defined by

ϕ1 = − B13

B11 − ρθ
u

u− v
+
B23A12

u− v
(27a)

ϕ2 =
1 + g

g

[
a2a3

c2 − a4

ϕ3 −
(

a1a2

c2 − a4

+ a1a2 −
g + δ

1 + g

)
ϕ1

]
− 1 + g

g

a1a2

c2 − a4

(
θ

1− θ
(c2 − a4)− γ

1− γ
c2

) (27b)

ϕ3 = − B23

B22 − ρθ
u

u− v
+
B13B21

u− v
(27c)

with

u = (B11 − ρθ)(B22 − ρθ)

v = B12B21

Appendix B.1 defines the parameters. Appendix B.2 discusses the signs of ϕ1 and ϕ3.

When ρy = α
µ
π̄ and thus a4 = 1, then the model can be reduced to its flexible price

counterpart, since B21 = 0. This implies that equations (27a) and (27b) are equivalent to

equations (22a) and (22b). �

The economic intuition is that a government spending shock directly affects the flexible

price real rate of interest. Since the endogenous growth model does not feature excess

demand, full accommodation of a change in the flexible price real interest rate by the

central bank leaves actual marginal costs of firms and all other variables at their flexible

price level. The response to a government spending shock is then described by lemma 3.2.

Graphically, the setting of the interest rate by the central bank removes the real

interest rate effect due to labour supply changes from the CC and the ∆(C/K) = 0

curves, making the latter vertical. For a change in government spending to have the

same effect as under flexible prices, the central bank has to increase the interest rate as

it would happen under flexible prices. In this case the intersection of the GG curve and

the ∆(C/K) = 0 curve traces the ∆(C/K) = 0 curve in Figure 1b.

Lemma 4.2 If the central bank reacts to deviations in output beyond pure adjustment

of the natural real rate of interest (ρy >
α
µ
π, meaning a4 > 1), a temporary government

spending shock has more positive effect on growth than described in lemma 3.2. This
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implies a higher chance of consumption crowding in.

Proof The grey area in Figure 2 shows how the parameter range of σ and γ allowing

higher growth (ϕ2 > 0) increases when a central bank reaction of ρy = 0.5, implying

a4 > 1, is used. Further numerical simulations show that ∂ϕ2

∂a4
> 0. �

A strong response of the central bank to deviations in output from its target level

(a4 > 1) also has the effect of increasing the interest rate and therefore the cost of capital,

which increases, due to the capital labour ratio optimality condition11, labour demand

and thus output. Therefore, a4 > 1 has the same effect on the curves in Figure 1b as

γ > 0. Both of these effects imply a more positive response of the growth rate to a

temporary government spending shock.

When labour supply is inelastic (σ →∞), output cannot deviate from its flexible price

level since the factors of production are fixed. The only difference between the flexible

and sticky price model then arises from a difference in saving desire by households in

reaction to the interest rate set by the central bank. When the central bank actively

responds to deviations in output from steady state (a4 > 1), then a rise in output induced

by productive government spending will lead to higher saving and growth compared to

the flexible price model. With only unproductive government spending (γ = 0) there is

no difference between the two model versions since output remains unchanged. It should

be clear that the removal of the labour supply effect significantly reduces the chance for

crowding in.

We showed that the introduction of New Keynesian price stickiness can enhance the

growth increasing effect of temporary government spending since output above flexible

price level on the one hand directly provides resources for more growth and on the other

hand leads, through the central bank reaction function, to a higher interest rate which

increases saving, investment and growth. Even though price stickiness is necessary for

output to deviate from its flexible price level, it is actually the central bank reaction

function that prescribes how much and in what direction it does so.

11Dividing (6b) by (6a) yields K
L = α

1−α
w
rk

.
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5 Simulation

This section discusses numerical simulations with realistic parameter choices in order to

visualise the consumption crowding in opportunity of our model. We simulate the model

using the parameter set in Table 1. These are standard values following the literature

(e.g. Gaĺı et al., 2007). The Taylor rule parameter ρπ is in line with Dupor (2001), who

found that models with capital accumulation require a non-active interest rate policy for

determinacy. The Taylor rule parameter on output is standard in the literature (as in

Gerlach and Schnabel, 2000). We set parameter A so as to obtain the annualised steady

state growth rate of 3%.

α β µ δ σ g π̄ ρθ ρπ ρy
0.33 0.99 1.1 0.025 1 0.0074 1.005 0.9 1 0.5

Table 1: Parameters used for Simulations.

We set the parameter for the productivity effect of government flow spending to γ = 0

and γ = 0.1. We also show the importance of endogenous labour supply by including the

results of a fixed labour supply simulation with γ = 0.1.

Simulation makes it furthermore possible to include a government capital stock and

simulate the results of a temporary increase in government capital investment to check

whether the analytical analysis using productive flow spending yields results that extend

to a model with government capital stock dynamics.

We introduce the public capital stock (KG
t )η in equation (2). This means that the

public capital stock enters the production function, where we calibrate its marginal prod-

uct to η = 0.1 throughout our whole analysis, in line with the findings by Romp and

de Haan (2007). The government capital accumulation equation then is

KG
t+1 = (1− δG)KG

t + IGt . (28)

We define, similar to equation 3 for government consumption, government investment

as a certain percentage of GDP.

IGt = θIGYt.
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We calibrate θIG to the EU average of 2.4% (Eurostat). From the government capital

accumulation equation 28 we can derive
IG

Y
Y
K

KG

K

− g = δG. Using the EU average of the

ratio of public to private capital is 39.7% (Kamps, 2005), we would obtain a negative

depreciation rate of public capital, δG. Therefore, we calibrate δG = 7.5% annually and

calculate the implied public to private capital stock ratio. θC , which is the share of

government consumption in GDP, remains at 0.2.

First, we present the simulated response of private consumption for a number of cases

in Section 5.1. Second, we discuss the size of output multipliers in a New Keynesian

endogenous growth model and compare them to a standard model in Section 5.2.

5.1 Private Consumption Response

We present the results by showing the percentage difference in private consumption as

compared to the baseline scenario of no change in government spending, both scaled by

baseline GDP. If the line goes above zero, growth increases, when it stays below, growth

decreases. The scale is from −1.5% to 2% in all Figures.

Figure 3 shows the timepath of consumption for the model analysed in the paper,

that is without a government capital stock. When government spending is not produc-

tive, growth is reduced upon a temporary government spending shock of 2% of GDP, in

line with Figure 2. The fall in resources does induce higher labour supply and thus out-

put. However, the dissaving motive of households is too strong, thereby leading to lower

growth. The introduction of productive effects of government spending changes that re-

sult. In combination with price stickiness significant growth effects occur that increase

consumption above its original level within 1 year. When labour supply is fixed, growth

falls, showing the importance of the labour supply channel to provide resources for higher

growth.

Figure 4 shows the simulated results of an increase in either government capital in-

vestment or government consumption, or both, when we include a productive government

capital stock. In row 1 we show the effect of an increase in government investment of

1.2% of GDP. Such a shock leads to an acceleration in private capital accumulation as its

productivity increases, which also increases private consumption. Later, the steady state
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Figure 3: Model with (productive) government flow spending. Development of private
consumption as a difference to the baseline scenario of no change in government spend-
ing, both scaled by baseline GDP. The shock is a 10% increase in government spending,
corresponding to a 2% of total GDP.
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Figure 4: Model with government capital stock. Development of private consumption as
a difference to the baseline scenario of no change in government spending, both scaled
by baseline GDP. θIG 10% means a 10% shock to productive government investment,
corresponding to 0.24% of GDP (where Government capital has a marginal product of
η = 0.1.). θC 10% means a 10% shock to government consumption, corresponding to
2% of total GDP.
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growth path is approached again.

In the second row we simulate an across the board increase in government spending.

Since we assume government consumption not to be productive, its negative effect on

growth, seen in row 1 of Table 3, dominates the positive effect of additional investment,

leading to overall lower growth.

Finally, we simulate the model under the assumption that government flow spending

also has slight productive effects (γ = 0.05). The intuition is that the government capital

stock considered here is purely physical capital. However, government spending on educa-

tion, security or other market-relevant services clearly have some productivity enhancing

potential. We induce a 1.2% of GDP increase in government capital investment as well as

a 1% of GDP increase in government consumption. The government consumption com-

ponent is nearly neutral in terms of the growth effect (see Figure 2), so that these figures

are quite similar to row 1, except for the larger negative initial impact on consumption

due to the larger size of the spending increase.

The message of the simulation with the government capital stock is that an increase in

productive government capital investment has a similar effect as an increase in productive

government flow spending, although the effects in the former are more delayed. Never-

theless, the simplification of using productive flow spending for our analytical analysis,

allowing clear analytical results, turns out to be legitimate concerning the qualitative

results obtained.

5.2 Government Spending Multipliers

The recent use of fiscal policy by governments around the world to combat the recession

has reignited interest in the effectiveness of government spending. Cogan et al. (2009)

correctly note that fiscal policy advice should be based on robust estimates concerning

the effects of fiscal policy. More specifically, they remark that there exists a significant

gap between government spending multipliers on output between Old Keynesian and New

Keynesian models. Romer and Bernstein (2009) report that the short run multipliers of

permanent fiscal spending are around unity while long run multipliers are even larger.

Cogan et al. (2009) argue that in a DSGE model like the one by Smets and Wouters
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(2007) the impact multipliers are somewhat smaller, while the long-run multipliers are

much smaller.

Hall (2009) surveys both empirical and theoretical literature dealing with the govern-

ment spending multiplier. His Table 2 shows that impact multipliers are estimated in a

range of 0.3 to 0.9, with the multiplier estimates after 2 years being on average larger

than impact multipliers. While the standard New Keynesian model can be extended

to produce realistic impact multipliers (see Hall, 2009), it cannot reproduce the larger

medium run multipliers. The reason is that a short-run boom induced by the government

spending shock has no positive long-run effect - in fact, investment is crowded out. With

an endogenous growth model the temporary government spending shock, if it leads to

more growth, will induce lasting effects.

We add to the debate by showing the effect endogenous growth has on output multipli-

ers in New Keynesian models. We therefore simulate different versions of our model and

compare them to a standard New Keynesian model without endogenous growth (implying

ε = 0), but with productive government spending. Appendix C outlines the simulated

model.

No Government Capital Government Capital
γ = 0 γ = 0.1 Par 1 Par 2

impact 0,37 1.03 -0,02 0,36
EG 2 Years 0.02 0.71 0.42 0.48

impact 0,25 0,56 0,54 0,50
no EG 2 years 0.16 0.32 0.56 0.44

Table 2: The output multiplier of government spending on impact and after 2 years in
a model with and without endogenous growth. Par 1 means γ = 0, shock to θIG = 50%,
shock to θC = 0%, Par 2 means γ = 0.05, shock to θIG = 50%, shock to θC = 5%.

Table 2 shows the output multipliers of some selected models we simulated, calculated

as the output change over the government spending change in the period of impact. The

third row,first column, shows the impact multiplier of a standard New Keynesian model,

which is comparable to other results when using our set of parameters (e.g. with the

MATLAB code available in the online appendix of Hall (2009)).

The impact multiplier of the endogenous growth model is larger than in the non-

endogenous growth model only in the case of productive flow spending. The reason is
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that here the desired growth rate immediately is higher, which raises saving by lowering

consumption, which in turn additionally raises labour supply and output. Public capital

investment is not productive in the period of impact, but only later. The rational expec-

tations equilibrium prescribes a fall in labour supply in the period of impact, caused by a

fall in real wages. However, as soon as capital accumulation starts, there is a significant

effect on the output multiplier.

The model Par 2 comes closest to the kind of fiscal policy analysed by Cogan et al.

(2009) with a mix of public investment and consumption. The multipliers of the two

model versions are quite similar, except for the fact that the endogenous growth model

has a larger medium-run multiplier, while for the basic New Keynesian model the impact

multiplier is larger. This shows the valuable addition of the endogenous growth channel

in the task of reproducing realistic output multipliers. The precise size can be adjusted

with the measures described by Hall (2009), a task which we do not perform here.

Another aspect discussed by Cogan et al. (2009) is the response of private consumption

and investment. In the model by Smets and Wouters (2007), both are crowded out.

However, empirical evidence is not so clear about the effect on both these variables (see

references in Section 1). The endogenous growth model provides more flexibility as it

allows crowding in of these variables.

6 Conclusion

There exists a mismatch between the empirical observation of government spending crowd-

ing in private consumption as well as the prediction of the standard RBC and New Key-

nesian model where private consumption is crowded out by government spending. A

number of authors have taken different approaches to deal with that situation, making

assumptions on households’ utility function or their intertemporal optimisation.

We take a different approach by claiming that government spending produces a growth

effect that is able to explain rising consumption, at least in the medium term. We ana-

lytically solve an endogenous growth model with endogenous labour supply and show the

conditions for government spending to increase the economy’s growth rate under flexible

prices.
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We show that even in a flexible price model a temporary government spending shock

can lead to an increase in private consumption in the medium run when government

spending is sufficiently productive. The introduction of price stickiness increases the

growth response of the economy and leads to a significant increase in private consumption

a short time after the spending shock.

We also simulate a model with a productive government capital stock. It shows that

additional government capital investment induces a slower but lasting positive stimulus

for the economy’s growth rate compared to the model with productive flow spending. Nev-

ertheless, the basic conclusion that government spending crowds in private consumption

in the medium run is maintained.

The recent use of fiscal policy has reignited a discussion on the size of government

spending multipliers. Multipliers in the New Keynesian endogenous growth model are

more in line with empirically observed multipliers than the ones obtained by a standard

New Keynesian model. First, medium run output multipliers are relatively high, and

second, the multipliers on investment and consumption are not strongly negative, but can

also be positive. This shows that fiscal policy analysis should take growth effects into

account. Therefore, one should consider the addition of endogenous growth effects to the

New Keynesian model when evaluating fiscal policy effects.
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Gaĺı, J. and M. Gertler (1999). Inflation dynamics: A structural econometric analysis.

Journal of Monetary Economics 44 (2), 195–222.
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APPENDIX

A Taylor Approximation of the Flexible Price En-

dogenous Growth Model

We make a first order Taylor approximation of the flexible price endogenous growth model

of equations 14a to 14f. We define the steady state percentage deviations of C/K, g and θ

as ĉ, ĝ and θ̂. We can write our model in the reduced form matrix notation asXf
t+1 = AXf

t ,

where Xf = [ĉ θ̂]′. The 2× 2 transition matrix A has the elements

A11 =

1−δ
1+g

(c2 − 1) + a1a2c2

c2 − (1− a1)
(29a)

A12 =
a1a2

(
θ

1−θ (c2 − 1)− γ
1−γ c2

)
+ ρθa1

γ
1−γ c2

c2 − (1− a1)
(29b)

A21 = 0 (29c)

A22 = ρθ (29d)

with

a1 = 1− β 1− δ
1 + g

a2 =
1− θ
β

µ

α
> 1.

c2 =
1

c1

+ 1 =
(1 + σ)(1− γ)

1− α
> 1

Determinacy requires that A11 > 1, which always holds.
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B Taylor Approximation of the New Keynesian En-

dogenous Growth Model

For our analysis we make a Taylor approximation of equations 26a to 26f as well as

equations 24 and 25. We refer to the deviations from steady state of C/K, π, θ and g as

ĉ, π̂, θ̂ and ĝ respectively.

B.1 Reduced Linearised System

We write the model as

XNK
t+1 = BXNK

t (30)
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where XNK
t = [ĉ π̂ θ̂]′ and the transition matrix C is a 3× 3 matrix with the elements

B11 =

1−δ
1+g

(c2 − a4) + a1a2(c2 − a4 + 1) + a3
π

1+π
c2B21

c2 − a4 (1− a1)
(31a)

B12 =
a3

π
1+π

(c2B22 − a2)

c2 − a4 (1− a1)
(31b)

B13 =
a1a2

(
θ

1−θ (c2 − a4)− c2
γ

1−γ

)
+ a3c2

π
1+π

B23 + a1a4c2
γ

1−γρθ

c2 − a4 (1− a1)
(31c)

B21 =
χ

β

a4 − 1

c2 − a4

(31d)

B22 =
1

β
− χ

β

a3

a1

π

1 + π

c2 − 1

c2 − a4

(31e)

B23 = −c2
γ

1− γ
B21 (31f)

B33 = ρθ (31g)

with (31h)

a1 = 1− β 1− δ
1 + g

> 0

a2 =
1− θ
β

µ

α
> 1

a3 =
ρπ

1 + rk − δ
− 1

a4 =
ρy

1 + π

µ

α

c2 =
(1 + σ)(1− γ)

1− α
> 1.
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B.2 Prove of Signs of ϕ1 and ϕ3

Using the method of undetermined coefficients, we can derive

ϕ1 = − B13

B11 − ρθ
u

u− v
+
B23B12

u− v
(32a)

ϕ2 =
1 + g

g

[
a2a3

c2 − a4

ϕ3 −
(

a1a2

c2 − a4

+ a1a2 −
g + δ

1 + g

)
ϕ1

]
− 1 + g

g

a1a2

c2 − a4

(
θ

1− θ
(c2 − a4)− γ

1− γ
c2

) (32b)

ϕ3 = − B23

B22 − ρθ
u

u− v
+
B13B21

u− v
(32c)

with

u = (B11 − ρθ)(B22 − ρθ)

v = B12B21

We introduce the 2 × 2 matrix B′ with the elements B11, B12, B21 and B22 and the

Eigenvalues λ1,2. The function u− v can be rewritten as

u− v = ρ2
θ − ρθ (B11 +B22)︸ ︷︷ ︸

trace(B′)

+ (B11B22 −B12B21)︸ ︷︷ ︸
|B′|

(33a)

u− v = ρ2
θ − ρθ(λ1 + λ2) + λ1λ2 (33b)

u−v is a quadratic function in ρθ with two nulls at λ1 and λ2. Since determinacy requires

λ1,2 > 1 (according to the Blanchard-Kahn conditions (Blanchard and Kahn, 1980)),

while ρθ < 1, u− v is clearly positive.

We can rewrite

ϕ1 = −B22 − ρθ
u− v

a1a2

(
θ

1−θ (c2 − a4)
)

c2 − a4(1− a1)

+
B22 − ρθ
u− v

c2
γ

1− γ

[
B21a3(a2 − c2ρθ)

(B22 − ρθ)(c2 − a4(1− a1))
+

a1(a2 − a4ρθ)

c2 − a4(1− a1)

] (34)

The first term is definitely negative. The second term is most positive when ρθ = 0. The
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sign of ϕ1 then depends negatively on the sign of

(
θ

1− θ
(c2 − a4)− c2

γ

1− γ

)
− a3

a1

B21

B22

c2
γ

1− γ

The first bracket is negative when the GG curve shifts right. In this case the direct

productivity effect of government spending is stronger than the negative resource effect.

The second term shows the New Keynesian effect of output being possibly above its steady

state level, which requires a4 > 1. This additionally shifts the GG-curve. Since under

ρθ = 0 the CC-curve does not shift down, ϕ1 > 0 is possible. However, we use realistic

parameterisations where the direct productivity effect is not that big, as well as where

government spending shocks are persistent. Therefore, ϕ1 < 0 will hold.

We can rewrite

ϕ3 =
B21

u− v

(
c2

γ

1− γ
(B11 − ρθ) +B13

)
(35)

ϕ3 =
B21

u− v
c2 − a4

c2 − a4(1− a1)

[
a1a2

θ

1− θ
+ c2

γ

1− γ

(
a1a2 −

g + δ

1 + g
+ 1− ρθ

)]
(36)

Since the bracket is always positive, the sign of ϕ3 depends on the sign of B21 and thus

on the sign of a4 − 1.

C The standard New Keynesian Model

We use equations 4, 9 and 10a. We introduce capital accumulation costs in line with

standard New Keynesian literature as specified in Christiano et al. (2009), so that the

capital accumulation equation 10b becomes

Kt+1 = (1− δ)Kt + It −
σI
2

(
It
Kt

− δ
)2

Kt. (37)

We furthermore use the standard New Keynesian Phillips curve 24 as well as the Taylor

Rule

R̂t = ρππ̂t + ρyŷt (38)
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The relationship between the real return to capital and the real return on bonds (deter-

mined by the central bank) is given by

1 + rkt+1 − δ =
Rt+1

πt+1

1

1− σI
(
It
Kt
− δ
) − σI

2

(
It+1

Kt+1
− δ
)2

+ σI

(
It+1

Kt+1
− δ
)

1− σI
(
It+1

Kt+1
− δ
) (39)

Without capital adjustment costs, σI = 0, this equation equals equation 11b. Current

higher investment increases required next period’s return to capital due to the cost in-

curred of installing the capital. Higher future cost of installing capital lowers required

return. The intuition is indirect since more installed capital in period t + 1 will lower

future adjustment costs.

Investment is determined via the capital accumulation equation, while the desired

future capital stock (Kt+1) is determined via the MPK relation using rkt+1. Further

equations are the resource constraint, the government capital accumulation equation 28,

equations 11a, 11c as well as MPL. These determine a complete equilibrium, which we

simulate using first order Taylor approximations. We use the parameter set as defined in

Table 1, with the difference that with capital adjustment costs the Taylor rule exhibits

normal stability characteristics in the sense that ρπ = 1.5 can be used. ρy = 0.5 is still

used. Furthermore, we set the investment adjustment cost parameter σI = 17, following

Christiano et al. (2009).
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