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1. Introduction

Following the influential paper by Oliver Hart (1982), a number of authors have used the
assumption of imperfect competition in order to provide credible microeconomic foundations for
New Keynesian macroeconomics. Prominent examples include Ng (1982, 1986), Blanchard and
Kiyotaki (1987), Mankiw (1988), and Dixon (1987). The results obtained by some of these New
Keynesian theorists seem quite spectacular. Mankiw (1988), for example, shows that the balanced-
budget multiplier is certainly positive and even approaches unity (the traditional Keynesian Cross
result) as the mark-up of price over marginal costs rises.! Blanchard and Kiyotaki (1987) use a
version of the Dixit-Stiglitz (1977) model to show that movements in demand can affect output
and welfare, provided small menu costs are present. Again a very Keynesian conclusion derived
from an imperfectly competitive framework.

The imperfect competition approach has not remained unchallenged in its attempt to
assume the position once held by the IS-LM model in macroeconomic theory and policy. The
overlapping generations model of Blanchard (1985) has managed to take centre stage in the last
few years. Extensions by Buiter (1988) and Marini and van der Ploeg (1988) for the closed
economy and Matsuyama (1987) and Giovannini (1988) for the open economy show this model to
be both practical and extremely flexible. Marini and van der Ploeg (1988, p. 779) have shown that
tax-financed fiscal policy is at best impotent (if agents have infinite planning horizons) or leads to
more than full crowding-out (if horizons are finite).

Proponents of the imperfect competition approach may argue that the overlapping
generations model yields these Classical conclusions exactly because one of the corner stones of
the Keynesian creed has been left out, namely increasing returns to scale. Indeed, in an influential
article Weitzman (1982) has argued that increasing returns to scale should occupy the central
position in any plausible theory of the macroeconomic process. It is therefore the purpose of this
paper to investigate the efficacy of fiscal policy in a model in which the basic insight from both
schools of thought have been synthesised. From the imperfect competition approach we borrow
the notion of increasing returns to scale and differentiated products, whilst the demographic
structure has been taken from the overlapping generations approach.

In our view this synthesis enriches both approaches. The imperfect competition approach
is significantly extended by including explicit dynamics into the model. The dynamic linkages are
formed by capital accumulation, overlapping generations, and by the government budget
restriction. This enables an evaluation of various types of fiscal policy within the same unified
framework, taking into account the various financing methods at the disposal of the government.
The assumption of perfect foresight furthermore allows for a meaningful distinction between the
short-run, the transition period, and the long-run. The overlapping generations model of Blanchard
(1985), Buiter (1988), and Marini and van der Ploeg (1988) is extended as well. First, the model
is extended by incorporating an endogenous labour supply decision by households. Second, due to
the increasing returns to scale assumption and the explicit price-setting by imperfectly competitive
producers, the model is potentially capable of yielding Keynesian conclusions.

'Not all authors reach such vintage Keynesian conclusions. Ng (1986, pp. 157-159), for example,

argues that the balanced-budget multiplier is likely to be negative. See also the discussion by Heijdra and
van der Ploeg (1993).
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In addition to achieving a synthesis between two highly influential approaches in modern
macroeconomics, the paper also enables us to raise a number of further issues. First, by building
the model on firm microeconomic foundations, the relationship between New Keynesian and real
business cycle (RBC) theories is further clarified. One of the crucial elements of the model
developed in this paper is the intertemporal labour-leisure choice, a feature it shares with the RBC
model. It avoids, however, the Panglossian aspect of RBC theory that was forcefully ridiculed by
Krugman (1994, p. 204). Indeed, because of the existence of the distortion of monopolistic
competition, the world described in this paper is inherently second-best, and government
intervention can improve matters. This point has been largely ignored in much of the static
literature on the macroeconomics of monopolistic competition.>

A second, related, point is that the model could be potentially useful in explaining an
empirical puzzle. It is well known that empirical studies find significant output effects of
government spending (See, e.g., Barro, 1981; Aschauer, 1988; Garcia-Mila, 1989). In the
perfectly competitive model these output effects can only be explained by appealing to
unrealistically large intertemporal and intratemporal substitution elasticities. The results in this
paper indicate that part of this empirical tension could be attributed to the existence of scale
economies. Even relatively small scale economies can make a major difference to the predicted
output effect of government spending.

Third, the benchmark version of the model developed in this paper can be analyzed with
the aid of simple phase diagrams. Unlike Baxter and King (1993), who resort to numerical
simulation of their RBC model, we can demonstrate the effects of permanent or temporary and
anticipated or unanticipated policy shocks both analytically and in very simple diagrams. This
simple didactic style may make the model useful for teaching purposes.

Fourth, by basing the model on monopolistic competition and overlapping generations, the
model should be useful to issues of trade policy and industrial policy as well. Indeed, it could be
viewed as a contribution to the integration of macroeconomics, public finance and industrial
policy. Due to the existence of overlapping generations and the availability of bond financing, the
possibility of Pareto-improving industrial or trade policy can be usefully analyzed with the aid of
the model.

The paper is organised as follows. In section 2, the basic theoretical model is developed.
In section 3 a useful solution approach is suggested for analyzing the dynamic properties of a
benchmark version of the model. This approach is used to examine the efficacy of fiscal policy
under three types of financing: financing by means of lump-sum taxes, financing by means of a
distortionary tax on labour income, and bond-financing. The efficacy of fiscal policy is shown to
depend critically on the assumed market structure and on the length of the agents’ planning
horizon. In section 4, the effects on the magnitude of the long-run multiplier of various extensions
to the benchmark model are discussed in turn. Furthermore, some additional properties of the
model are illustrated by means of numerical simulations of a plausibly calibrated version of the
model. Finally, in section 5, the paper concludes with some suggestions for further research.

2A discussion of the intergenerational welfare effects of fiscal policy is found in a companion paper
(Heijdra, 1994). In Heijdra and van der Ploeg (1993) we discuss the optimal level of government spending
in a static model of monopolistic competition.

2-



2. A Model of Perpetual Youth and Imperfect Competition

2.1. Individual Households

The basic model of household behaviour builds on the work of Blanchard (1985). Our
extension to his model lies in the explicit recognition of an investment goods sector, an
endogenous labour supply decision, and in the introduction of diversified consumption goods into
the utility function of the agents. This in turn opens the scope for imperfectly competitive
behaviour on the part of producers, which forms the major innovation of this paper.

In this model there is a fixed population of agents each facing a given constant probability
of death. During their entire life agents have a time endowment of unity which they allocate over
labour and leisure. The utility functional of the representative agent born at time s is assumed to
have the following form.

Max T 1 - a+B)(t-v
{C(s,v), 1 -L(s,v)} [1_—1/&(9(C(s,v),1-L(s,v))l Ve - 1) el PN dy 2.1)

Where C(s,v) and L(s,v) are, respectively, consumption of the composite diversified good and
labour supply in period v of an agent born in period s, « is the pure rate of time preference
(>0), 8 is the probability of death (8=0), Q(.) is the instantaneous utility function, and £(>0)
is the intertemporal substitution elasticity.> The agent’s budget restriction is given by the
following.*

AGs,0) = [MO+BAGs,0) + [1-t,OIW(DL(s, D) - Z(4) - C(s,0) 22)

Where r(¢) is the real rate of interest on government bonds, W(¢) is the real wage rate (assumed
age-independent for convenience), #,() is the proportional tax rate on labour income, Z(f) are real
net lump-sum taxes, and A(s,?) are real financial assets. Total consumption is defined as the sum
of goods consumption and the opportunity cost of leisure consumption.

X(s,0) = C(s,0) + [1-1,(0)WE) (1 - L(s,£)) (2.3)

The economy consists of imperfectly competitive firms that each produce a single variety
of a diversified good. These goods are close but imperfect substitutes in consumption. Following
Spence (1976) and Dixit and Stiglitz (1977) the diversified goods can be aggregated over existing
varieties (1,2,..,N(#)) in order to obtain C(s,?).

3As &1 the utility function converges to log[Q(.,.)].

*Underlying the budget restriction is the Keynesian assumption that claims on physical capital and
government bonds are perfect substitutes ensuring equalisation of their ex ante rate of return. A dot above a
variable designates the derivative with respect to time, e. g., A(s,t)=dA(s,0)/dt.
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N L
Cis,p) = ,:E Cs,n) ™ :l o.>1 2.4)
i=1

Where Cs,t) is the consumption of a good of variety i in period ¢ by an agent born in period s,
and oc is the elasticity of substitution between the differentiated goods. The restriction on o,
ensures that the individual agents exhibit a love of variety and that all existing varieties will in fact
be demanded.

The consistent aggregate price deflator for the differentiated commodities associated with
(2.4) is defined as follows.

1
N =
P([) = [Z Pi(t)l-lfc] (25)
i=1

In order to keep the model as simple as possible, the instantaneous utility function is assumed to
be of the simple modified CES form.

1 a1 1 o1 Iem
[P = o | Tt (2.6)
.l = [vc”as,r) "+ (o)™ (1 - Lis.) ]

Where o, is the substitution elasticity between consumption and leisure. We assume that
0<+v.<1 and 0,,=0. The representative agent chooses a time profile for C(s,v), L(s,v), C(s,v),
and X(s,v) in order to maximise (2.1) subject to (2.2)-(2.6), and a No Ponzi Game (NPG)
solvency condition. The solutions are derived in the Appendix, where a three-stage solution
method is used to solve the model. For period ¢ the solutions for X(s,?), L(s,t), C(s,f), and C(s,0)
are as follows.

Xs.0 = [a0] 460 + Henl 2.72)

=y IIA~t (WD)

1-L(s,p) = | | X(s.1) (2.7b)
P(t)! e

Cet) = — 1 X(s.p) 2.7¢)
[P0y

Cs,0) = % Cs.0) (2.7d)

Where P(?) is the true price index involving the after tax wage rate and preference parameters.



1

P ) = [‘yc + (1-ylA -tL(t))W(t)]l"dmrTm (2.7e)

Expected life-time human wealth (H(s,?)) and the inverse propensity to consume out of total wealth
(A(r)) are defined as follows.

-jlr(u) +Bldye

H(s,)) = j [(A-t,(MW(V) - Z(V)]e *

4

o0

dv (2.7)

v

-(1-¢) j {r(p) +81du

[

A = P )¢ [ e

3

PU(V)I_E o b@B)v) 4y 2.7g)

Equation (2.7a) relates total consumption to total wealth, which is the sum of financial and human
wealth. Equation (2.7b-c) express leisure and the composite differentiated consumption good
respectively as shares of total consumption. Finally, equation (2.7d) defines the demands for the
different varieties of the diversified good.

2.2. The Aggregate Households Sector

A crucial feature of the Blanchard (1985) model (and all models deriving from it) is the
simple demographic structure, which enables the aggregation over all currently alive households.
Assume that at each instance a large cohort of size 8F is born and that SF agents die. Normalising
F to unity the size of the population is constant and equal to unity (Blanchard, 1985).5 Given this
simple demographic structure, the aggregated variables can be calculated as the weighted sum of
the values for the different generations. For example, aggregate financial wealth, A(f), is
calculated as follows.

¢

A = j A(s,p)Be’c ds (2.8)

“oo

The aggregated values for X(r), L(t), C(t), Z(t), H(¢), and C(t) can be obtained in the same
fashion. The main equations describing the behaviour of the aggregated household sector are the
following.

A@®) = rOA® + [1-1,OIWD) - Z@2) - X(2) (2.92)

X = [A@] A +H®)] (2.9b)

The model can be easily extended to a (traditional) growth setting by adopting the Buiter (1988)
extensions.
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Lo =1 X() (2.9¢)
[P oo
B 0] [ PO

Equation (2.9a) is the aggregated version of (2.2). In the aggregation the Blanchard assumption of
perfect insurance markets is used to eliminate the parameter 3 from the expression. As is
explained by Blanchard (1985, p. 229), BA(¢) is a transfer from those who die to those who
remain alive. Consequently it does not form part of aggregate wealth.

Finally, (2.7f-g) imply that aggregate human wealth and the inverse propensity to consume
out of total wealth respectively evolve as follows.

HQ@) = [r0)+BIH®) - [(1-1, ()W) - Z()] (2.%€)

2.9 , :
@30 AWM = -1 + |(1L-Or®O-P )/ Pyt) +8] + &(c +B)]A(t)

where P(8)/P(¢) is the rate of change in the true price index P,(r) (defined in (2.7¢) above).

2.3. Individual Firms

There are N(z) identical firms that each produce one variety of the differentiated product.®
The typical firm’s decision on how much inputs to use is based on dynamic profit maximisation.
There are increasing returns to scale at the firm level and the gross production function is
homogenous of degree \ (=1) in the two production factors capital (K(#)) and labour (L(2)). The
production function, F(K(f),L(?)), is assumed to be of the CES type with increasing returns to
scale.

ol ] (2.10)
Y(0) + f = FK@.L®) = [eLL,m " (e KD ] B

Where oy, is the substitution elasticity between capital and labour (04,>0) and 0<¢, <1, Y(0) is
net output, and f is fixed cost.” For convenience, these costs are modelled in terms of the firm’s

®This is a feature of the underlying model by Dixit and Stiglitz (1977). There is no incentive for any
firm to produce a copy of an already existing variety.

"This approach to introducing fixed costs was used in a different context by Blanchard and Kiyotaki
(1987, p. 661). Ethier (1982) rationalises the approach by appealing to indivisibilities in production.
Technically, the inclusion of positive fixed costs guarantees that the firm’s cost function is not iso-elastic,
and that there are increasing returns to scale even if A=1. If no fixed costs are included and \> 1 then so-
called fragile equilibria result (See, e.g., Heijdra and Broer, 1993).
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own output. In order to obtain a well-defined and tractable theory of investment we adopt a two-
sector technology in the vein of Srinivasan (1964), Uzawa (1969), Foley and Sidrauski (1971) and
Mussa (1977). This approach yields an investment supply function. It furthermore implies that the
imperfectly competitive firms face external adjustment costs.®

The investment goods market is assumed to operate under constant returns to scale and
perfect competition. Using the basic insight of Ethier (1982), it is assumed that investment goods
are constructed by using all existing varieties of the differentiated good as inputs. The production
function is assumed to be as follows.

]

NGO o,-1

|
oW = Ny |3 NO™ 10 (2.11)

Where I(z) is the quantity of variety i of the differentiated good used as inputs in the production
of new investment goods, Q(f) is the total production of new investment goods, and o, is the
substitution elasticity between the different varieties. The parameter «,=>1 regulates the
productivity effects of increased variety, as is explained below.

The cost function associated with (2.11) is denoted by TC()=Py(t)Q(t), where Py) is
the price of new investment goods:

1

N 1_—0’
Py1) = N@®™ ;N(t)“’f P 2.12)

The input demand functions are also obtained from (2.12) by applying Shephard’s Lemma.

aTC,(t) _ N(t)—(al+ag)+aqgl Q(t) Pi(t) (2.13)

I()y = 5P -
I0) P 0

Note that the chosen formulation of the investment goods sector implies external economies of
scale due to increasing diversity provided a,>1. This is the basic Ethier (1982) insight: more
diversity in the differentiated goods sector enables investment goods producers to use a more
“roundabout” production process and hence lower per unit cost, i.e., dP,/ON<O at given input
prices (P,).

In order to motivate the conditions characterising the optimal behaviour of firms in the
differentiated sector, consider the following heuristic derivation. Each firm in the imperfectly
competitive consumption goods industry faces a demand for its product from three sources: the
households sector (C)), the investment goods sector (I), and the government (G,). Representative
firm i’s optimisation problem is as follows.

SThe alternative is to assume internal adjustment costs leading to an investment demand function (See
Abel and Blanchard, 1983). We have chosen to use the external adjustment costs approach since it puts less
strain on the symmetric equilibrium assumption employed below, especially when exit/entry is allowed.

-



[

Max V() = [ [POY0) - WOIL®) - Puw) owe I av (2.14)

4

Subject to the following restrictions.

Yie = ¢ + It + Gy (2.152)
K0 = Q) - 8" (OK(2) (2.15b)
Y@ + f = FIK®),L(t)] (2.15c¢)

Y'® = Y (2.15d)

Where 67(f)=6-+NMN({)/N() is the "depreciation rate" from the firm’s point of view, R'(f)=R()-
N({)/N(f) is the rate of return per firm, and W" is the nominal wage rate (W'=WP).® Equation
(2.15a) formally defines the sources of demand facing firm i. Equation (2.15b) shows that firm i’s
capital stock is adjusted by purchasing new investment goods from the investment good sector.
Equation (2.15¢) is the production function. Since there is no possibility of inventory formation,
(2.15d) formalizes the restriction that production must equal demand.

It is shown in the Appendix that the familiar marginal conditions for labour and capital
can be obtained.

W | & ||w (2.16a)

°The intuition for the N/N terms in the discounting factor is as follows. The owners of the capital stock
(households) demand a return on their aggregate capital stock equal to the nominal return on government
bonds (R). The nominal value of the capital stock is defined as V*=NV". By renting out the capital stock to
firms in the differentiated goods sector, the owners of capital receive the cash-flow of these firms, the
aggregate of which equals CF=NCF, The arbitrage equation for shares and bonds then reads as
(V"+CF)/V"=R, which can be rewritten in terms of individual firms as (Vi+CF)/V:=R-N/N=R".
Integrating this latter expression yields (2.14).

For the depreciation term the intuition runs as follows. As the number of firms increases WN/N>0),
the capital stock per active firm must decline because the aggregate capital stock is predetermined in the
short run. This withdrawal of physical capital shows up in the accelerated decline in the individual firm’s
capital stock. Since the individual firm has no control over the total number of firms in the differentiated
sector (N), it takes 8°(?) as given.
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ay, € P, . 2.16b
& || |7 (R+8-P,/P,) (2.16b)
Where ¢; is the elasticity of the demand curve faced by firm i. Note that (2.16a) and (2.16b) imply
that the firm sets its price equal to a mark-up (defined as u,=¢€/(1+¢,)) times marginal cost.

The value of the individual firm depends critically on the assumption made regarding exit
and entry of firms. In this paper we focus attention on the case of pure Chamberlinian
monopolistic competition (CMC). Entry or exit occurs instantaneously to ensure that each active
firm makes zero excess profit; the well-known tangency solution. In terms of the present model
this implies that N adjusts instantaneously to eliminate excess-profits.” Given the iso-elastic
gross production function (2.10), this implies a simple relationship between the equilibrium mark-
up (u;) and technology and scale parameters, i.e., u,=\(Y;+f)/Y,. Under this situation the nominal
value of the firm is equal to the replacement value of its capital stock, i.e., V'=P K "

2.4. The Government
The government is assumed to produce a public good, denoted by G,, which is provided
to all consumers on a non-excludable basis free of charge. In order to retain symmetry, the

production function for the public good is assumed to be defined over all existing varieties of the
differentiated good.'

g,.
NG R
UG

S| 5T
G0 = No™ | Y. NO™' G, (2.17)
i=1

Where o is the substitution elasticity (0;,=0), and «y is the diversity parameter. The government
is assumed to be efficient in the sense that it produces Gy(f) at minimum cost. The government’s
outlays on the differentiated goods therefore coincides with its "cost function" TC(¢) =P ()G,(?),

In the static literature without saving and capital formation, the distinction between the short run and
the long run is modelled somewhat artificially by setting N fixed in the short-run and variable in the long
run. See, for example, Startz (1989), Dixon and Lawler (1993), and Heijdra and van der Ploeg (1993).

""The other polar case to be studied briefly is that of no entry/exit at all. This case can be labelled
restricted monopolistic competition (RMC). There is monopolistic competition in the sense that many
differentiated products are produced and marketed, but the tangency solution is dropped, and the number of
firms (N) is held fixed. In that situation there typically exist non-zero excess profits (unless, by chance, the
number of firms happens to be at the level consistent with tangency), so that the value of individual firms is

augmented by the present value of current and future excess profits. This case is studied briefly in section
4.4 below.

ZAlternatively, (2.17) may be interpreted as a component of each agent’s utility function. Provided G,
enters the utility function in a separable manner, the analysis of this paper is unchanged. Of course, any

welfare-theoretic exercises involving changes in G, are critically affected by the chosen interpretation of
2.17).
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where Pg(z) is a "price index" of the public good:

I
No) T,
P = NO™ ] (2.18)

Y No Pty
i=1

The government’s demands for the various products are then obtained by applying Shephard’s
Lemma.

aTC (1) i
G . t = 6 = t N t (a(}+a5)+a(;“(;
01( ) _"aPl(t) 0( ) ( )

P(t)
P

2.19)

Since the objective of this paper is to analyze a wide range of economic policies, the
financing method employed by the government must be spelled out in detail. To that effect the
budget restriction of the government must be formulated. The periodic budget restriction can be
written as follows.

B(t) = (PLOIP@)Gt) + r()B() - () WO)L(E) - Z() (2.20)

Where B(#) is outstanding real government debt at time f. The government can finance its
expenditure on goods and interest on debt by issuing new debt (B(f)), or by changing one or both
of its tax instruments, i.e., lump-sum taxes (Z(r)) and the proportional tax rate on labour @t®). It
is assumed that the government is expected to remain solvent, so that the following NPG (or
solvency) condition is relevant.

T

lim_ _ B(r)exp [—J r(v)dvjl =0 2.21)

4

The government’s budget restriction is obtained by integrating (2.20) forward subject to the NPG
condition (2.21).

o]

BO) = [ [20) + ()W) Ler) - (PG(T)/P(T))G(,(T)]e_j "™ 4r 2.22)

[

2.5. The Elasticity of Demand and the Mark-Up

The elasticity of demand for firm i’s product can be calculated easily. Using (2.9d), (2.13)
and (2.19) the elasticity of the demand function facing firm i is easily seen to be equal to the
following.

€ = [o,w, + 0,0, + ogw;] = 1_' (2.23)

i _Mi

Where w.=C/Y; is the demand (and output) share of private consumption, w,=I/Y] is the
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demand share of the (input demand originating from the) investment good sector, and wg=G,/¥*
is the demand share of the government. The second equality in (2.23) implicitly defines the mark-
up as a function of parameters o, o,, and o, and the share parameters we, Wy, and wg. Note that
(2.15a) implies that these shares add to unity, wctwytws=1, so that the government can attempt
to influence these share parameters by choice of its own consumption.

2.6. Symmetric Equilibrium

As is conventional in the macroeconomic literature on imperfect competition, the attention
is restricted to the symmetric equilibrium in which the following conditions are satisfied: w=pu,
P=P, C=C, Y=Y, L=L, K=K, I.=I, and Q=0 (i=1,2,..,N()). Under this assumption the
firms in the differentiated goods sector can be treated in the aggregate. Note that ¥(?) is a quantity
index for total production in the differentiated sector, which is defined as follows.

N@)

E P@OY(®) [N(t) _‘f_'_jl ‘,:f T 2.24)

Yo = - RO
i=1

P(r)
The complete model is given in its most general form in Table 1. Turning to this table, the
dynamic part of the model is given by equations (A)-(E). The aggregate physical capital stock
evolves according to (A). The movement of real total consumption is described by equation (B).
Note that financial wealth, equalling the real value of shares (V) plus government debt (B), has
been substituted. Equation (C) describes the path of the inverse propensity to consume out of total
wealth, A. If the intertemporal substitution elasticity ¢ equals unity, then this equation is not
needed and A' = (a+@). Equation (D) is the government budget restriction. If debt financing is
used, equation (E) is also needed in order to ensure that the government’s solvency condition
(2.21) is satisfied. If the government uses tax instruments to finance its expenditure then B is
constant, (D) is static, and (E) is not needed.

The static part of the model is given by equations (F)-(Q). Equation (F) gives the
expression for the real value of shares under Chamberlinian monopolistic competition. The
aggregate demands for labour and capital are given by (G) and (H) respectively. The equilibrium
condition for the market for differentiated goods is given in (I)." The aggregate private demand
for the composite differentiated good is given by (J). The labour supply equation is given in (K).
The aggregate production function for the differentiated goods sector is given by (L), which
represents (2.10) re-expressed in terms of the aggregate quantity index Y and aggregate inputs K
and L. The LHS(M) defines the absolute value of the price elasticity faced by each producer of the
differentiated good, but written in terms of aggregate shares. Formally (M) is used to define the
mark-up of price over marginal cost (x). The zero pure profit condition is enforced by (N).
Together with (G)-(H) it ensures that price equals average cost for each active firm in the

Equilibrium in the labour market, the market for existing capital, and the market for new investment

goods has already been imposed by substituting the equilibrium conditions L=NL, K=NK and Q=NQ in the
various expressions.
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differentiated goods sector." Equations (P) and (Q) give the definitions of the various price
indexes. Finally, equation (R) states the relationship between the rental rate on existing capital, the
real rate of interest, and the rate of change in the relative price of new capital goods.

In Table 2 the log-linearized version of the complete model is given. The following
notational conventions are adopted for all flow variables and the capital stock.

i =20 gy = QO (2.25)
x(0) x(0)

Hence, a variable with a tilde ("~") denotes the percentage rate of change in that variable,
relative to the initial steady-state and a variable with a tilde and a dot, is the time rate of change in
terms of the initial level. For government debt (B), shares (V), and the labour tax rate (z;) the
following conventions are used, respectively.

r(0) dx(t)
Y(0)

dz, (0 (2.26)

i) = 00
1-¢,(0)

o 0=

xE{B,V} {0 =

These conventions have several advantages. First, by multiplying the stocks by r(0) these are
converted into flows, that can then be expressed in terms of the initial flow of production ¥(0), so
that readily interpretable income shares emerge. Second, the resulting expressions are meaningful
even if the initial level of the variable is zero (e.g., B(0) or #,(0) may equal zero). Note that the
time index for initial variables like 7(0) and #,(0) has been suppressed.

The model can now be used to discuss the effects of fiscal policy on the economy, both in
the short-run and in the long-run, and both for finite and infinite horizons. Three different types
of fiscal policy can be conducted with the model. They all involve an impulse to government
spending (G,) financed either by (i) lump-sum taxes (Z), by (ii) the distorting labour tax (#), or by
(iii) debt (B).

3. The Effects of Fiscal Policy

3.1. A Benchmark Case

The linearized model given in Table 2 is too complicated to characterize analytically the
effects of the different types of fiscal policy for the short run, the transition path, and the long
run. For that reason attention is focused in this section on a benchmark case of the model with the
following values for the elasticities and parameters:

“It is straightforward to show that marginal cost of any active firm (MC) equals total cost (TC,) divided
by A times gross production (Y;+f), i.e., MC,;=TC/NY,+f). Equations (2.16a-b) imply that P,= uMC,. The
tangency condition requires P,=AC,=TC/Y,. Combining these conditions and rewriting in terms of the
quantity index Y yields equation (N). Note that if the number of firms is fixed, then the following
inequalities hold: (W/N)Y/(f+Y) > (=,<) 1 iff P, < (=,>) AC,. If there are "too few" firms, then
existing firms will set price above average cost, or, P, > AC,, so that excess profits are made.
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£=0 =0, =1 (3.1)

c

The consequences of these assumptions are as follows. First, setting o,=0,=0, implies that the
source of demand facing each producer in the differentiated goods sector does not matter.
Equation (M) in Table 1 then implies that the gross mark-up is constant and equal to
p=0c/(o~1)>1. The entry condition (N) then also implies that output per active firm is constant
at Y=M/(u-\) under Chamberlinian monopolistic competition. Hence, any aggregate output
movement is in that case due to changes in the number of firms. Second, setting Qp=a;=
oc/(6c-1)=p implies that there are external scale economies (due to changing variety) in the
production of new investment goods and government output. By setting this so-called Ethier effect
equal to the mark-up, the relative prices P,/P and P,/P are constant and equal to unity.
Essentially, the model describes a one-good economy in that case. Third, the intertemporal
substitution elasticity has been set equal to unity, implying that the income and substitution effects
of real interest changes cancel. Fourth, setting the substitution elasticity between capital and
labour equal to unity implies that the input demand equations do not depend separately on the
number of firms and the mark-up. Fifth, setting the substitution elasticity between consumption
goods and leisure equal to unity implies constant budget shares for consumption and leisure. Sixth,
as already stated, attention is focused on pure Chamberlinian monopolistic competition with free
entry and exit of firms. Seventh, in order to economize on notation we assume that the initial level
of debt and the labour tax are zero (£,(0)=B(0)=0). In section 4 of the paper we investigate the
likely effects of relaxing some of these assumptions in turn. The log-linearized version of the
benchmark model is given in Table 3.

3.2. Lump-Sum Tax Financing

The first fiscal policy experiment to be conducted consists of a permanent unanticipated
increase in government spending on the differentiated good financed by means of lump-sum taxes.
The dynamic system can be condensed to:

I% _ (6/(.0Q)([1.¢(1 —GL) - O)Q) (6/wg)(1 -¢ _wc) K . —6O)G/O)Q

X —(r-a)+(r+8)[ud(l-¢)-1] (r-c)+(r+8)(1-¢) X 0 0
(3.2)

where w¢, w, and w; are the share of consumption, investment and government consumption in
national income respectively, p is the mark-up, ¢, is the share of labour income in national
income, and ¢ is a crucial parameter representing the strength of the labour supply elasticity:

6= 1T o (3.3)
L+w, (1-pe)

where w;, is the ratio between leisure and labour, which equals the intertemporal substitution
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elasticity of labour supply in the benchmark model. It is straightforward to verify that d¢/dw,; >0
and d¢/du>0. Note that ¢ =1 if labour supply is inelastic (w,; =0). The characteristic roots of the
Jacobian matrix (A,) on the RHS(3.2) are denoted by r* and -h" respectively. Saddle point stability
implies that |A,| is negative, i.e., |A;| =-Ar"<0. Hence, the characteristic roots alternate in
sign. Let r">0 denote the unstable root and -4*<Q the stable root. Then A" characterizes the
adjustment speed of the system, and 7~ characterizes the extent of the impact effects.

The model can be reduced to two schedules. The first of these is the line along which the
capital stock is in equilibrium (referred to hereafter as the IS curve), and the second is the
Modified Keynes-Ramsey equation for the economy (the MKR curve). The IS curve is obtained
by rewriting the first equation in (3.2) in steady-state form, and is unambiguously upward sloping
in (X,K) space:

X - wH(pd-1)(1-¢) g - L G (3.4)
w.+¢ -1 wete-1] °

Increasing government consumption withdraws resources from the economy. In order to maintain
the same capital stock, private consumption must fall. Hence, an increase in government
consumption shifts the IS curve down and to the right. This has been illustrated in Figure 1. The
dynamic forces operating on the economy off the IS curve are obtained from the first equation of
(3.2). Points above the IS curve represent consumption levels that are too high to maintain the
present capital stock. Hence, the capital stock tends to fall. The opposite is the case for points
below the IS curve.

The MKR curve is obtained by using the steady-state version of the second equation of
(3.2):

(r-a)X-K) + (r+8)[(uo(l-¢)-DR+(1-$)X] = 0 (3.5)

The MKR curve represents two distinct effects; the finite horizon effect and the labour supply
effect. The finite horizon effect ensures that the steady-state rate of interest exceeds the pure rate
of time preference (7> ). In order to induce new generations to start accumulating claims to the
existing capital stock their consumption profile must be tilted upwards, leading to low
consumption early in life and high consumption later on.'" The labour supply effect operates
through the rate of interest.

3.2.1. Infinite Horizons

In order to further investigate the labour supply effect, it is useful to first discuss the
Barro-Ramsey case of infinite horizons. In that case the steady-state rate of interest equals the rate
of time preference (r=c«), and the MKR curve (3.5) can be simplified to yield:

"See Blanchard (1985, p. 229) and Blanchard and Fischer (1989, p. 124).
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2o | Lred-e) o (3.6)
-6

The MKR curve is unaffected by government spending because lump-sum taxes are used.
Depending on the strength of the labour supply effect, the MKR curve may be (i) vertical (if
¢=1), (ii) downward sloping (if $>1 but p¢(l-¢,)<1), or (iii) upward sloping (if ¢>1 and
no(l-¢,)>1). All three cases are consistent with saddle point stability, and have been illustrated
graphically in Figure 1.'® The dynamic forces operating on the economy can be ascertained from
the second equation of (3.2). In the first case, with inelastic labour supply, a low level of the
capital stock implies a high marginal productivity of capital, a high rate of interest (> ), and an
upward sloping profile for total consumption (X rises over time).”” In the second and third cases,
the marginal product of capital depends both on the level of the capital stock and labour supply.
In case two, a low level of the capital stock is still associated with a high rate of interest and a
rising total consumption profile. In the third case, the marginal product of capital is increasing
because of the strong intertemporal substitution effect exerted by the interest rate on labour
supply. Hence, a low level of the capital stock is associated with a Jow rate of interest and a
falling total consumption profile. The dynamic information has been illustrated in Figure 1 for the
three cases, providing a graphical illustration of the saddle point stability. In all cases the saddle
path is upward sloping.

The effects of the unanticipated permanent fiscal impulse (G,>0) can now be illustrated.
First, consider the case of inelastic labour supply, with ¢=1, as illustrated in Figure 1-a. As a
result of the increase in public spending the IS curve and the saddle path both shift down by the
amount of the shock. Since the capital stock is predetermined in the short run, the economy moves
from E, to E,, and total consumption X falls by the full amount of the fiscal impulse. There is full
crowding out of private consumption by public consumption, and there is no transitional dynamics
(since the capital stock remains unchanged). This conclusion holds regardless of the assumed
industrial structure. To summarize, the short-run and long-run multipliers coincide and are equal
to the following:

- dK(o)

d¥(e0) dC( o) dL(e) , _ dQ(e), _
)| | dK(=), _ - - - 0 3.7
ac, 7= ag 2™ Vg2 ac, |z~ ~ac |z 6D

Matters are slightly more complicated for the case of an anticipated permanent increase in
the level of government spending, since there is some transitional dynamics in that case. At
announcement total consumption X again drops, but by less than for the previous case (say to

'Saddle point stability ensures that the IS curve is steeper than the MKR curve.

"This first case also suggests a natural assumption about the maximum strength of the scale economies,
measured in the benchmark case by the mark-up, u. Under monopolistic competition the model becomes
unstable if the scale economies are so strong that u(l-¢)>1, causing an increasing marginal product of
capital. Hence, we assume that u(l-¢,)<1. In view of plausible values for the mark-up (u=1.3) and the
share of labour in national income (e, =0.70), this assumption is not very strong indeed.
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point A in Figure 1-a), and between announcement and implementation the economy follows a
smooth trajectory in south-easterly direction towards the new saddle path (from A to B), with
consumption falling further and the capital stock rising. At implementation the economy has
reached the new saddle path (point B) and both consumption and the capital stock fall until the
final equilibrium E, is reached.

The second case we consider is that of a moderately elastic labour supply (¢>1 but
po(l-e,)<1). This case has been illustrated in Figure 1-b. The effects of a permanent
unanticipated fiscal impulse are to shift the IS curve (and the saddle path) to the right. Since the
capital stock is predetermined in the short run, the economy moves from E, to A, and total
consumption X falls. Now there is transitional dynamics, however, and in the medium run the
economy moves from A to E, with both total consumption and the capital stock increasing
smoothly. Total consumption X and labour supply L both overshoot in the short run. The
additional work effort ensures that the higher capital stock is put in place. The long-run
multipliers are:

dY(oo)| _ | oY dK(oo)| _ 11 dQ(oo)l _ 1-¢ dC(oo)I _
dG, * e, | dG, ¢ |w,| 4G, ' |edl-péd-¢)1| dG, '*
(3.8)
1 > 0
- I-po(l-¢)
Q ¢ 1-¢
dX(oo)I _ (x| re l-po(l-¢,) dL(oo)l _
dgG, z L 1-¢ 1-p(l-¢) dG, z
(3.9)
X) | 1-no(-¢) dY(oo)l
[7 1-¢ dG, '*

In the long run, aggregate output, the capital stock, investment, and employment all rise, and
consumption falls. There is still some crowding out of private consumption, though less so than
with inelastic labour supply, -1 <d(C(e)/dG,<0. The reason for this is that agents react to the
fiscal shock by accumulating a larger capital stock, which in the steady-state gives rise to a higher
level of (replacement) investment. This additional aggregate demand partially counteracts the
negative effect on consumption.

In order to analyze the impact and transition effects of the permanent unanticipated fiscal
impulse, it is useful to write the solution of the model as follows:

X = X(0)e*" + X(o0)(1-e) (3.10a)
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K@ = (1-e")R(co) (3.10b)

X(O)' - ‘r*—(r+6)(1-¢)] ""GGo<O (3.100)
2 | T A-e-w,)

where A" is the adjustment speed of the economy (measured by minus the stable root of A, in

(3.2)) and r” is the unstable root. Equations (3.10a) and (3.10b) describe the transition path of the

economy, and (3.10c) gives the jump in total consumption that occurs on impact. As was already

illustrated in Figure 1, total consumption falls on impact. Using (3.10c) and the fact that K(0)=0,

the following impact effects can be derived for output, consumption, investment, and employment:

FO)| =(1-9)X0)[,>0  C(©)|,=%0)|,<0

(3.11)
(r+0)(é-D(1-¢-w,)

[ -r+o)1-Plw,

Q(O)'zz [

x01,>0 L0 ,-L®x0),>0

pe,
Consumption of the composite differentiated good falls on impact as agents start to save by
accumulating capital (since there are no government bonds), so that the demand for new
investment goods is increased. Leisure falls, so that labour supply increases. The additional labour
enables an increase in output even though capital is fixed in the short run. The policy-induced

investment boom plus the direct effect of government spending together ensure that consumption
is not fully crowded out in the short run.

The transition path for real national income can be expressed as the weighted average of
the short-run and long-run effects:

Y0, = (1-e™)FO)|, + e F(o)], (3.12)

Both the short-run and long-run effects on output are positive, but it is not unambiguous which
effect is largest. If ug(l-¢) is sufficiently low, it is possible that the long-run effect is smaller

than the short-run effect, so that output overshoots its long-run steady-state along the transition
path."®

The third case we consider is that of a highly elastic labour supply (¢>1 and
pé(1-€,)>1). This case has been illustrated in Figure 1-c. An unanticipated permanent increase in
government spending (G,>0) has a negative impact effect on total consumption (X(0)<0) as the
economy jumps from E, to A. The rate of interest rises, thereby prompting a positive labour

"®The difference between the long-run and short-run effects can be written as follows:

dr+dug@-D) [ h

Y(e0)-Y(0) =
(00) - ¥(0) T e

5 [ugp(l-¢) - 1]:|

22

where 6, =(r+6)(¢-1)<0. Clearly, r+8,=h"+8,,, and it is possible to derive that
sgn(h”+8,) =sgn[1-pe(1-¢,)]. Hence, for ue(1-¢,) relatively close to unity we have Y(0) < ¥(o0).
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supply response. In the transition period the additional work effort leads to the construction of a
higher capital stock and a steadily rising level of total consumption. The long-run multipliers are
the ones reported in (3.8)-(3.9). The long-run employment and consumption multipliers are now
both positive. Now there exists "crowding-in" of private consumption by public consumption, i.e.,
d(()/dGy>0, so that the real output multiplier is guaranteed to exceed unity.

In order to determine the long-run effects on the factor prices r and W, it suffices to look
at the factor price frontier. It can be shown that this has the following form:

YO _ )+ o W00 (3.13)
g

C

With infinite horizons the steady-state real rate of interest equals the rate of time preference
(f(e0)=0). Under perfect competition, moreover, the substitution elasticity between different
varieties is infinite (1/6,=0), so that the steady-state real wage rate is fixed as well (W(o0)=0).
Under monopolistic competition the steady-state real wage rate can rise provided output rises.

3.2.2. Discussion

The real output muitipliers derived in this section are remarkably simple in form, and bear
a striking resemblance to the textbook IS-LM multipliers. The multiplier derived recently by
Baxter and King (1993) is a special case obtained by imposing perfect competition (i.e., setting
the mark-up p equal to unity). Note that the multiplier is increasing in the degree of monopoly in
the economy. The higher the mark-up, the more severe is the aggregate demand externality that
exists under monopolistic competition, and the higher is the multiplier. The following numerical
example adapted from Baxter and King (1993, p. 320) illustrates the quantitative importance that
the assumed market structure exerts on the magnitude of the various multipliers. Baxter and King
calibrate one version of their model with r=0.065, w, =4, ¢=0.58, 6=0.10, we=0.2, and
wp=0.255. In that case, the following multipliers are obtained: d¥/dG,=1.135, dQ/dG,=0.289,
dC/dG,=-0.154, dK/dG,=2.89. If we introduce relatively modest scale economies leading to a
mark-up of p=1.3 (and keep the rest of the economy unchanged), these multipliers are increased
dramatically: dY/dGy=1.763, dQ/dG,=0.4495, dC/dG,=0.313, dK/dG,=4.50. Hence, adding
imperfect competition results in a major change in the size of the multiplier. We returns to this
issue in section 4.5 below.

3.2.3. Finite Horizons

Up to this point attention has been focused on the Barro-Ramsey case of infinitely lived
consumers. It is straightforward to analyze the complications that occur when finite horizons are
assumed. The main changes that occur can be illustrated with the aid of Figure 2. The MKR curve
is given in (3.5). First consider the case of inelastic labour supply (¢=1). In that case the MKR
curve is upward sloping because of the positive tilt to the consumption profiles of individual
agents (r> ), an effect that is absent in the Barro-Ramsey case. Hence, the configuration is as in
Figure 2-a. As labour supply becomes more elastic, the labour supply effect starts to dominate the
horizon effect and the MKR curve rotates counter-clockwise. These cases are illustrated in Figures

-18-



2-b to 2-d respectively. Saddle point stability again implies that the MKR curve cannot become
steeper than the IS curve as ¢ increases. Since the IS curve is unchanged, it is clear that the
existence of finite horizons unambiguously reduces the size of the output multiplier in the
benchmark model. Under finite horizons composite consumption and leisure are cut back after the
fiscal impulse has occurred, but by less than under infinite horizons. Agents do not live forever
and therefore do not feel the full burden of the tax implications of the fiscal impulse. Because
labour supply is increased by less, the increase in the steady-state capital stock will also be
smaller. In the case of inelastic labour supply (¢=1), capital will be crowded out, and output will
fall. This was analyzed by Blanchard (1985) for the case of perfect competition.

3.3. Labour Tax Financing
The second fiscal policy experiment that can be analyzed with the aid of the benchmark

model is an unanticipated permanent increase in government spending financed by the labour tax.
The dynamic system can be written as follows.

K| | Glpme(l-e)-wy  @lol-d-w) | [g] [hagl1-¢)e,-1] o
2| [ d)ue(l-e)-1] (-a)+roXl-¢)| |x (r+8)(1-g)le, | “O7°
(3.14)

Note that the coefficient matrix on the RHS(3.14) is identical to the one that is relevant under
lump-sum tax financing (A, in equation (3.2)) so that the stability issues are the same for this case.
The labour tax has a direct effect on labour supply, however, so that the increased government
spending now influences both the MKR curve and the IS curve."” As in the previous section, the
case of infinite horizons is discussed first.

The IS and MKR curves are defined as follows.

¥ - w, +(pd-1)(1-¢) R - we(l-d-¢) G (3.15)
w.+rp-1 € (w+9p-1) 0
7. l-pé(l-¢) Z- g G (3.16)
T-¢ e | "

If government spending is increased, the IS curve shifts to the right as before, and the MKR curve
shifts down. The two main cases are illustrated in Figure 3. Following the increase in government
spending, both IS and MKR shift down. Depending on the relative strength of the effects, the
capital stock may fall, stay the same or rise. It is straightforward to derive that the fall in MKR

"“The government budget restriction is: e,f,=wsG, This can be substituted into the labour supply
equation to yield the expression (3.14). Obviously the case of inelastic labour supply (¢=1) is not
interesting since the labour tax is non-distorting in that case.
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dominates the fall in IS if the share of consumption exceeds the share of labour in national
income, or, w:.>e¢,. This has been assumed in Figures 3-a and 3-b, with the opposite cases
holding in Figures 3-c and 3-d.

The long-run comparative static effects are given by:

K|, = — - s 3.17
[l—wa—eL)” G179
€ 1—wQ—wC -_— Y

1 -pp(l-¢)
l—wQ—eL {___179_]

w.G (3.18)

N ] G0

X(w)|, = -

l_lu'd)(l _GL)
€ l—wQ—wC T

Consider the case of a moderately elastic labour supply first. In Figure 3-a the long-run effects on
capital and total consumption are unambiguously negative. In the impact period the economy
moves from E, to A, after which smooth transition occurs until point E, is reached. If labour
supply is very elastic (but still assuming w.>¢,) a very similar adjustment pattern is observed.

If the share of labour is smaller than the share of wage income (w.<¢,), then the vertical
shift in the MKR curve is smaller than that of the IS curve, so that the capital stock rises in the
long run. This has been drawn in Figures 3-c and 3-d. In the short run, total consumption (X)
overshoots its long-run value.

3.4. Debt Financing
The third and final fiscal policy experiment to be analyzed is a permanent increase in

government spending financed by means of government debt. The dynamic system can be written
as follows.

¢ Glo(pp(l-€)-wy)  (Blw)(l-¢-w) 0 R ~6/w,
X| = |-r-0)+r+8)ud(1-¢)-1] (r-a)+(r+6)(1-¢) -(r-o)/w, X| + 0 w,G,
B 0 0 ri(1-9) B r/i(1-¢)

(3.19)

The determinant of the coefficient matrix on the RHS(3.19) is equal to the product of the
characteristic roots, i.e., |A)|=rh’z=-z'|A|, where -z"=r/(1-{) is the characteristic root
associated with the bond financing process. Obviously, any {>1 leads to a stable debt process
(z">0). Note furthermore that the case of infinite horizons is not very interesting here, because in
that case Ricardian equivalence holds so that the path of debt does not matter. Formally, r=« in
that case and the system is recursive in (K,X) and B.
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The long-run comparative static results are:

I?(oo)l } IZ(°°)| . | T-®éw(-¢-wy) (3.20)
GO ? Go z waA|A1|
X(oo)l _ )Z(oo)| N ("‘Of)awc(wg‘#¢(1 -€,)) (3.21)
Go ? Go ? “’Q""AlAll
B
(Goo) |, = —w, (3.22)

0

The bond-financed multipliers are related in a simple fashion to the tax financed multipliers
derived above. The terms in round brackets appearing in (3.20) and (3.21) are unambiguously
positive. This implies that the long-run effect on the capital stock and total consumption are larger
under bond-financing than under lump-sum tax financing. The intuition behind this result is
straightforward. The increased government spending leads to a lower level of the government
debt. Since Ricardian equivalence does not hold, the reduction in government debt is seen by
agents as a reduction of their wealth. Consequently, they cut back total consumption and increase
labour supply by more than under lump-sum tax financing, so that the long-run capital stock is
larger. The long-run effect on real output is equal to:

[pb(1-€)wc+ (6~ 1wy (3.23)

Wowy |4,

f/(oo)l ) f/(oo)l _ (r-a)dw,
G, ? G, “

Hence, the long-run output multiplier is larger under bond-financing than under lump-sum tax
financing.

The transition path of the economy following a permanent unanticipated change in
government spending is equal to the following.

X = XOye™t + X(oo)(1-e*) + Q, [e_hi_] G (3.242)
-2
Rty - (1-e*")R(oo) + Q, {e‘“—eh‘f} G, (3.24b)
h * -z *
B@t) = -wy(l-e27)G, (3.24c)
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XO) |, = XO)|, - :d(rr—_?:%_) G (3.24d)
A

where 2,<0 and ©,<0 are constants.”” Note that the term in square brackets appearing in
(3.24a) and (3.24b) is positive regardless of the sign of A™-z". By using bond-financing, the change

in total consumption that occurs at impact is smaller under bond financing than under lump-sum
tax financing.

4. Extensions

Up to this point the attention has been focused on a theoretical investigation of the
benchmark model. This section is aimed at investigating the effects on the output multiplier of
relaxing some of the specific assumptions underlying the benchmark model. The focus is on the
long-run effects of fiscal policy financed by lump-sum taxes under the assumption of infinite lives

(i.e., B=0 in sections 4.1 to 4.4). The section concludes by presenting some evidence regarding
the quantitative significance of the monopolistic competition assumption.

4.1. Ethier Effects

As was pointed out in sections 2.3 and 2.4, the production functions for new investment
goods and the public good (equations (2.11) and (2.17)) both exhibit external increasing returns
due to the so-called Ethier effect: an increase in the number of varieties N, enables a more
roundabout production process and consequently a lower unit price. The strength of this price
effect is regulated by the parameters a, and o respectively. In the benchmark case discussed in
section 3, the strength of the Ethier effect was set in such a way as to keep the relative prices of
investment goods (P,/P) and the public good (P,/P) constant. This is the case if ap=az=p. In
this section the consequences of this assumption for the size of the multiplier are discussed.

First, consider the case of ay#pu=o,. In that case a fiscal impulse changes the relative
price of investment goods, and the resulting long-run output multiplier is equal to the following.

dY(oe) |
dG, '

l—aQqS(l—eL)] @.1)

The multiplier is increasing in a,, and coincides with the benchmark expression (3.8) for Qp=H.
Hence, if ep> u, fiscal policy is more effective than in the benchmark case. The intuition behind
this result is that the additional government spending increases output and the number of varieties,
and hence lowers the relative price of investment goods and hence the replacement value of the

29, and Qy are defined as follows:

Q, = dws(r-o)(1-¢-wy <0 @ = _(r-o)wgd/w)ud(l-€) -w,) +z "] <0

wAwQ(r*+z*) rr+z*

where we have made use of the fact that w,= l-w;-wy >0.
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capital stock. This additional wealth reduction prompts an increase in labour supply that is larger
than in the benchmark case.

Second, consider the case of a;#pu=ay,. In that case a fiscal impulse changes the relative
price of the public good, and the resulting long-run output multiplier is equal to the following.

d¥(e) , _

|2
dG, [ ] [1 (1 - EL)] 4.2)
1- —wymwg | 1-—= ur

The multiplier is decreasing in «, and coincides with the benchmark expression (3.8) for o =pu.
Hence, if az>pu, fiscal policy is less effective than in the benchmark case. The additional
government spending increases output and hence lowers the relative price of the public goods.
This in turn implies that the increase in the lump-sum tax is less than in the benchmark case, so
that the increase in labour supply is also less than in the benchmark case. As a result output is
increased by less than in the benchmark case.

4.2. Mark-Up Effects
In section 2.5 it was shown that the mark-up facing producers in the differentiated sector
typically depends on share-weighted elasticities of substitution (see equation (2.23)). If these
elasticities are equal (0,=0.=0,), as was assumed in the benchmark case, then the composition of
demand does not matter and the mark-up is constant (u=0/(o,1)). In this subsection the
consequences of allowing for different substitution elasticities are discussed.
First, consider the case of 0,7 0.=0;. In that case the level of the actual mark-up (u,)
differs from u:
o.(l-wy) +o,0

2 4.3)

o.(1 —wQ) +0,w, = 1

py =

so that p-p,=sgn(oa.). If 0;<o, then the mark-up is higher than in the benchmark case because
the relatively low price elasticity of demand originating from the investment goods sector makes
the differentiated sector less competitive. It turns out, however, that fiscal policy does not change

the mark-up in the long run, i.e., iy(o0)=0. The equation determining the change in the mark-up
is equal to the following.

@ . R
[(MQ —Ql)zl o = wplo.-0)(@-1) @.4)

Even though o;# o, steady-state equilibrium implies K=0Q and K=7, so that ji,=0. Hence, the
long-run multiplier in this case is equal to the expression derived for the benchmark case (equation
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(3.8)).”
Second, consider the case of o;#0.=0,. In that case the level of the actual mark-up (ug)
differs from u:
o.(l-wg)+osw,

ey = 4.5)

oc(l-wg)+ow,-1

so that u-us=sgn(s;-0-). In contrast to the previous case, fiscal policy in general changes the
mark-up even in the long run. The model can be condensed to two equations. The equation
determining the change in the mark-up is equal to:

® - ~ =
(u -Gl)z b = wgloc=05)(Gy=1) (4.2
G
and the multiplier equation is:
T(e), = Mg + @G, A= | O8] ETE
z -1 Ho-N (4.6b)
| 1-pé(l-¢)
el T

where sgn(A)=sgn(o;-0.). In the Appendix it is shown that the multiplier that is defined implicitly
by equations (4.6a) and (4.6b) falls short of the benchmark expression if o;70.. There are two
separate effects that produce this result. First, an increases in government spending increases
(lowers) the degree of competition in the economy if ;> 0, (06;<0.) and hence lowers (increases)
the mark-up (see equation (4.6a)). As a result, the output per firm Y increases (decreases). The
second effect operates via the number of product varieties N. Together these two effects explain
the total effect on Y (recall that Y=N'Y).

4.3. Intertemporal and Intratemporal Substitution Effects

In the benchmark case the intertemporal substitution elasticity is equal to unity (§=1).
This implies that the propensity to consume out of total wealth is constant and equal to (a+8). As
is clear from Table 2, the value of ¢ does not affect any of the steady-state equations in the case
of infinite horizons. In that case, 8=0, r(o)=«, A ®)=0, and the real output multiplier is
unaffected. Of course, the transition path is affected by the magnitude of the intertemporal
substitution elasticity.

The intratemporal elasticities have a non-trivial effect on the long-run multiplier. First,
consider the effect of o, the parameter characterizing the intratemporal substitution elasticity of
labour supply. In the benchmark model this parameter is set equal to unity, implying Cobb-
Douglas preferences (see equation (2.6)). For the more general case, the following multiplier can

UThis conclusion hinges on the assumption of infinite horizons, since in that case the steady-state rate
of interest is constant.

24-



be derived.

dY(oo)| _ 1 r = pe, w00, —[1-p(1-€))(1 +0,,w,,) @
dG, z l-w,-wTI, re HE W,

In the Appendix it has been shown that, under monopolistic competition, this real output
multiplier exceeds (falls short of) the benchmark expression if o,,>1 (<1). The reason is that a
higher value of o, increases the labour supply response for a given change in the real wage rate.
Hence, it also increases the output response.

Under perfect competition, however, the long-run output multiplier does not depend on
oqy (see Appendix). The reason for this is that the long-run results are in that case determined
entirely by the long-run capital-labour ratio. Since (in this Barro-Ramsey case) both the real rate
of interest and (by the factor price frontier) the real wage rate are constant, the capital-labour ratio
is also constant. Hence, the output effect is fully explained by the negative effect on total
consumption X of the increased government spending.

The second intratemporal substitution elasticity to be considered is the substitution
elasticity between capital and labour in the gross production function (equation (2.10)), o4,. The
real output multiplier for the more general case (i.e., g, # 1) is equal to:

[ 3 ool
d¥(oo) 1 r = o | | # p .

-7 |z =
dG
0 1 -w, [E] -—w. I, KL
W

(4.8)

where Q=po, +1-0,,. In the Appendix it has been shown that this real output multiplier exceeds
(falls short of) the benchmark expression if oy, <1 (>1), under monopolistic competition. The
reason is that a higher value of o,, lowers the employment response for a given real wage rate
change. Hence, it also decreases the output response. As before, under perfect competition, the
long-run output multiplier does not depend on o, (see Appendix).

4.4. Restricted Entry
As a final extension consider the effects of restricted entry. The number of firms is fixed

(at N), and the rate of excess profit for each existing firm can be defined as:*
PY,
T,

1 = %(1 ~wp) -1 4.9)

where o= flI(f+Y) is the share of fixed cost in gross output. Using the approximation
1/(1+7) = 1-7, the real output multiplier can be written as:

2Gee footnote 13 for the information used to calculate .
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dY(OO)l _ 1
dG, '?
0 1-p¢(l-7-¢) 4.10)
l—wQ—wC =%

From this it is clear that the multiplier is decreasing in the excess profit rate.

4.5. The Quantitative Significance of Imperfect Competition

In order to illustrate the quantitative significance of the introduction of even relatively
mild returns to scale, this section presents a calibrated example of the model. The following
parameter values were chosen:

Fundamental parameters and shares:

o' 0.04  Pure rate of time preference

[¢] 0.04  Instantaneous probability of death

0 0.10  Rate of depreciation of the capital stock

A 1.20  Scale parameter in the gross production function

Q 1.30  Initial value of the gross mark-up

Oy 1.00  Substitution elasticity of the gross production function

0.=0,=0g 4.33  Substitution elasticity between varieties of the differentiated
product (=u/(u-1))

r 0.06 Initial real rate of interest

We 0.80  Share of private consumption in real output

€ 0.70  Share of before tax wage income in real output.

Wy 2.00  Ratio between leisure and labour.

Wg 0.00  Share of government interest payments in output.

t 0.00 Initial level of the tax on labour

The information at the bottom of Table 3 can be used to derive all other shares from this
information. For example, the share of investment in real output is wy=0.130, the share of
government consumption is w;=0.130, and the share of fixed cost w,=0.077. In contrast to the
the previous section, in this section the agents’ instantaneous probability of death is set at 4
percent per annum, implying a planning horizon of 25 years.

In the benchmark model both the intertemporal and the intratemporal substitution
elasticities are equal to unity. In this section the long-run comparative static effects of a permanent
fiscal impulse are calculated for the more general case where both ooy and £ can differ from
unity. The results of this exercise have been collected in Table 4. This table reports the various
comparative static effects for different values of the intertemporal substitution elasticity £ along
the column, and different values of the intratemporal substitution elasticity oqy along the row. The
final row in each case refers to the Barro-Ramsey case of infinite horizons (6=0). In that case the
long-run effects are independent from the intertemporal substitution elasticity. The steady-state
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rate of interest equals « in that case, so that £ has no long-run effects.?

Glancing at the first set of results, it is clear that the output multiplier is large for the
chosen parameterisation, and increasing in £. A very low degree of intertemporal substitution
implies that agents find it very hard to accept an uneven total consumption profile. As government
spending and lump-sum taxes are increased the labour supply response is smaller the smaller the
value of £. The output multiplier is strongly increasing in o, (as was to be expected from section
4.3 above). A high value of o, implies a strong labour supply response, and a large effect on the
capital stock. The two combine to yield a large long-run multiplier. As was shown for the
theoretical model, the comparative static effects are strongest for the case of infinite horizons,
since in that case the long-run rate of interest is constant so that no crowding out of capital takes
place.

In order to ascertain the quantitative significance of the monopolistic competition
assumption, Table 5 reports the results of the fiscal experiment under the assumption of perfect
competition. The calibration values are kept the same as before, excepting the fixed cost
parameter and the variety substitution parameter. Both are set at the respective values consistent
with perfect competition, i.e., o>+ o (so that p=1), w=0, and A=1. Of course, the number of
firms is indeterminate under imperfect competition.

The multipliers in Table 5 are still positive but much smaller than the ones reported in
Table 4. Furthermore, the comparative static effects now decrease with the intratemporal degree
of substitution o, In the Barro-Ramsey case of infinite horizons (8=0) discussed at length by
Baxter and King (1993), the results are independent of both £ and o, (see section 4.3).

5. Conclusions

In this paper an attempt has been made to provide the macroeconomics of imperfect
competition with some rigorous microeconomic foundations. The model developed here
incorporates the static imperfect competition models by Mankiw (1988) and Startz (1989), and the
dynamic perfect competition models by Blanchard (1985) and Baxter and King (1993) as special
cases.

A number of conclusions can be drawn on the basis of the model. First, adding imperfect
competition has a major influence on the size of the fiscal policy multipliers. The scale economies
add a magnification effect to the accelerator effect that also operates under perfect competition.
Second, since the multiplier effect operates via labour supply, the method of taxation is of vital
importance to the results. If a distortionary labour tax is used to finance extra government
spending, then the long-run multiplier may well be negative. If that is the case, then crowding out
is worse under imperfect competition than under perfect competition. Third, in many cases
considered in the paper, the long-run multiplier exceeds the short-run multiplier. This effect works
via capital accumulation, and is of course absent in the static macro models with monopolistic
competition.

ZIn order to render the results for the finite and infinite horizon cases compatible, the pure rate of time
preference is set at «=r=0.06 in the latter case.
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Appendix

A.1. The Three-Stage Solution Method

The optimisation problem faced by the representative consumer can be solved in three
stages. The method extends the two-step procedure of Marini and van der Ploeg (1988) by
allowing the intertemporal substitution elasticity to differ from unity, and by distinguishing
differentiated products and endogenous labour supply. In step 1 the path of total consumption
X(s,t) is solved. In step 2 total consumption is allocated between its components C(s,f) and
1-L(s,t). Finally, in step 3 C((s,t) is allocated over the different varieties of the differentiated
product, C{s,?).

Stage 1.
Define the ideal cost-of-living index as P(v).

P, Us,v) = X(s,v) (A1)

Where U(s,v)=Q[C(s,v),1-L(s,v)]. In the first stage the following optimisation problem is solved
for vE[t, o).

{I%ga)\c’)} J 1/ (U(S,V)l_”£ - l)e(a'fﬁ)(t—v)dv

P 1-14 (A2)
s.t. A(s,v) = [r(v)+B]A(s,v) + [1 -t WMIWE) - Zs,v) - P(v)UGs,v)

This leads to the following first-order conditions.

Us,v)™ = Ns,»)P(v) VE[t,») (A3)
d)‘c(ls V) - [a-rINGY)  VE [t ) (A4)
v

Where A(s,v) is the co-state variable of the flow budget restriction. The integrated (life-time)
budget restriction (with a NPG condition imposed) is:

2 ~{ ) B e - [ () 81
A(s,f) + Hs,p) = J P, (W) Us,v)e [rne, j Ns. W) EP(v) e [ty (A9)

t [1

The path of N(s,v) is described by (A4) which can be solved to yield the following.

v

- [t -alde (A6)
As,v) = e A (s, D) v=t

Using this in (A5) yields the following.



v v

® a=r(w)ldu B - [ [rw)+Bldu
A(s,0) + H(s,p) = j [ R )\(s,t):l P )\ te [ (A7)

3

But Py(t)U(s,0) = X(5,8) = N(s5,0) *Py(£)", so that (A7) can be rewritten as follows.
X, = [0 AG.0 + Hs.0] (A8)

Where A(¢) is defined as follows.

* -(l-E)j[r(u)*fB]du
A@D) = Pt J e

t

P (v) !t etetingy (A9)

The differential equation for A(#) is obtained by differentiating (A9) with respect to ¢.

AW = -1+ [(1-DIO-PaVPL0) 8] + EaB]A® (A10)

where P(t)/Py(¢) is the rate of change in the true price index P,(t) (defined in (A16) below). Note
that equations (A8)-(A10) generalize the expressions found in Blanchard (1985, pp. 233-4) to the
case of endogenous labour supply.

Stage 2

Total consumption X(s,?) is now allocated over consumption of the composite differentiated good
(C(s,1)) and leisure (1-L(s,?)).
Max
U(S,t) = Q[C(S,t),l'L(s,t)]
Cs,0),1 - L(s,t
{Cls,0),1-L(s, 0} (ALD)

st Cis,0) + [1-t,(0IW() (1 -L(s,0)) = X(s,8)

This implies the following for the modified CES utility function used in the text [equation (2.6)].

C(s,t) = [(1-2,(0) W) I’ (1 - L(s,)) (A12)

Y
-7,
Substituting (A12) into (2.4) yields the expression for L(s,f) and C(s,f) in terms of total
consumption X(s,?).

(I=y A -1, (NW@B)] "

Lis,p) =1 -
e + A=yoI -1 @)Wy ]

X(s,0) (A13)

Ye

C(s,0) =
Yo + Ly -1 )W

X(s,7) (A14)

The expression for the true price index is obtained by substituting (A13) and (A14) into
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the utility function (2.6) and noting (A1). The result is as follows.

1

-0 | 50 AlS
Py = [‘Yc + (1-y) WY1 -,(0)]' o | T (AL5)
Stage 3
The agent now chooses C{s,?) such that the following static maximisation program is solved.
M. M) "Lo‘l Tufr N ALG
{C.(fvv;)} |:E CG.n ™ st. Y P(OC(s.t) = P()C(s,0) (A16)
~e i=1 im1

Straightforward manipulation yields the demand functions for the differentiated commodities by
the agent of vintage s.

-0,

CGs,2) (A17)

| PO
C(s,t) = [Tt)

(See, e.g., Heijdra and Yang (1993, Appendix)).

A.2. The Optimisation Problem for a Representative Firm
The representative firm i aims to maximise (2.14) subject to (2.15a-d). The current-value
Lagrangian is defined as follows.

£ =P(C + 1+ Gy) - W'L, - P,0,
(A18)
+ M(Q, - 8°K) + MFWK) - f - C - 1 - Gy)

The control variables P,, L, and Q,, the state variable is K;, the co-state variable is Ay, and Ay is
the Lagrange multiplier for the demand restriction. The first-order necessary conditions are:

4
.‘3_Q=O: —PQ + N =0 (A19)
N4 doF
—=0: -W" + X\ =0 A20
aL, M VoL, (A20)
aC. ol oG,
§=0: C +1I + G, + (P_ - )\Y) R U ) (A21)
oP, ! ! ' ! oP, oP, aP,
__(;;I%=).\K_R *)\K: >'\K—(R * +6*))\K = -\ _g]f; (A22)

i i
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k3. k _ o _sk (A23)
i a)\K ] ] it

Equation (A19) implies that Ny=P,. Equation (A21) can be used to solve for \, in terms of the
mark-up (p,) and the price chosen by the firm: A\,=P/u, Hence, A\, has the interpretation of
marginal cost. Substituting these expressions for A, and A\, into (A20) and (A22) yields equations
(2.16a-b) in the text.

A.3. Proofs

Dependence of the multiplier on oz o,
The more general model is summarized by equations (4.6a)-(4.6b) and can be written as:

(@) = Q7G, + Qyji (o)

() = ,[G, - T(o)]

where the coefficients %, QY, and 2, can be obtained from (4.6a) and (4.6b) in a transparent
fashion. It is straightforward to prove that 0<Q¢<1, sgn(,) =-sgn(Q) =sgn(o;0.). This implies
that the product 40, <0 for o5 o.. The output effect can be solved as:

¥() =
1+ (0

G
Qy + Q‘}Q"] GO

The benchmark expression is obtained by setting @=0,=0. Comparison of the two expressions
shows that the benchmark output effect exceeds the more general output effect provided %0, >-1.
This is certainly the case if the initial level of government spending is not too large. This
establishes the results mentioned in the text. [

Dependence of the multiplier on o,

The comparison is between the benchmark multiplier given in equation (3.8) and the more
general expression derived for an unrestricted value of the substitution elasticity o, given in
equation (4.7). By using the definition of ¢ given in equation (3.3), the benchmark expression can
be written as:

df(e) | 1 pe oo Maensl-p-gldee) o0

|
dG, z 1 —wQ—wCF* hew,,

Hence, the difference between the two expressions is concentrated in I', and I"". After some
manipulation it can be shown that I' -T'" is equal to:

(UCM - 1)(”’ - 1)
pe,

I, -T- =

1

Hence, sgn(I'-I™) =sgn(o - 1)(u-1). This establishes the results mentioned in the text. ]
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Dependence of the multiplier on oy,

The comparison is between the benchmark multiplier given in equation (3.8) and the more
general expression derived for an unrestricted value of the substitution elasticity o, given in
equation (4.8). By comparing this expression to the benchmark expression (A24), it is possible to
derive the following:

1
dY dY _ Q .
d_GoloK,_#l - d_GO"’”L:’ ) [;_1] + ‘*’c[rz-r ]

It is straightforward to derive that pe w,, (T,-T7)=(1-¢,)(u-1)(0x-1) and Q-p=(u-1)(oy,-1). This
establishes the results mentioned in the text. [



Table 1: Short-Run Version of the Complete Model*

Dynamic:
K=0Q-5K (A)
X = |t(r-a)+(1-£)P,IP,|X - BAT'[V + B] (B)
A= -1+ [(1-DIr-Py/Py+B] + £(a+B)]A ©
B = (P,/P)G, +rB - t WL - Z (D)
Z=-27 -(B >1 (BE)

Static:
V = (P,/P)K (F)
)\U’“_leza”N(l ‘”ﬂ)()"%)yn()\-l)au e I 2 G
k- | el we|” )
€ \bPQ
PY = PC + P,Q + PG, @
c=|_L_|x )
PU UCM

L1 - |Aorld-e)wiret (K)

-0y,
Py



(A %y 0 -1 6,1 Aoy
1 e — —— | o1
Y+ fN° =N% gL ™ + (1-¢)K ™ | ©

- M
g T
G “_1

(=) weo. + w,0; + wg

L

(£-NY = MfN*T

Definitions:

Py = lye + (-7 [ -1 W'

¢_=.r+6+P/P—PQ/PQ

@O

M)

N)

©)

(P)

Q

a. Equation (E) is relevant only under bond-financing. A value of { in excess of unity is needed to

ensure that the government’s solvency condition (2.21) is satisfied. See section 3.4 in the text.

b. Equation (F) becomes dynamic if entry is restricted (N=0) in which case the zero pure-profit

condition (O) is irrelevant. The expression for V is then:

V= rV-[Y- WL - (P,/P)Q]

(F)



Table 2: Log-Linearized Version of the Complete Model®

: - (A")
K =9[0Q - K]
. . B’
X =¢t(r-a)[X+A] + £rF + (1-§)P,- &r-o) [V + B] @)
A
X : _ B 1R (o))
A= (1-H[r7 - P + A'A
. ~ = _ - N . . 5 (D)
B = ruwglG, + P; - P] + rB + ru,7 - rtyw fL + W] - rw,Z - r(1 -t)w,t,
. E’
(B = rwlZ, - Z] 3
V- a/K + B, - B) (F)
AL = (14N Do) ¥ + (1-04)7 + [(1_0’“)(1‘(1 —oc)“’c)] N - No, W @1
o,
R-L=0,(W+B-9-p) (H")
P = .l +wy@+ By - P+ (G, P, - ) )
C = (04,-1)P, + X dam)
L- wLL[OCM[W -0+ (d-og)P, - X K"
—w) ¥ 9%¢e 1= % & 7 —w VR (8
(1 wf)Y + oW N = NN+ No, L + (1-w,)K]
o.-1 0.1
P = 0y(0-0)(C-D) + wy(o,-0)(Q+P,-P-T) M)

(n-1)
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Definitions:
Po=(UapN+P P=_+p B, =(1-a)N + P ©9
l-o,
pu _ (1 —tL)wLwLL [W _ fL] (P/)
wet(l-t)w, v,
« Q")
(r+8)¢ =r¥ - l—on— 1 N
l-0,
Shares and parameters:
Wy WrY. Share of potential wage in real output, w,=(1+w,)w,.
wy ZIY. Share of lump-sum taxes in real output.
wy, WL/Y. Share of before tax wage income in real output.
wy rH/Y. Share of "risk-free" income from human wealth in real output, (r+f)w, =
} r((1-t)oyrwy).
wr fif+Y) Proportion of fixed cost in gross output. If entry/exit is free then u(1-w)/A=1.
w, Adjusted share of before tax wage income in real output, w;=pu(1-w)w,/\.
Wy rd/Y. Share of income from financial assets in real output, w,=w-+w,(1-f,)w,.
We G,P;/PY. Share of government spending on differentiated goods in output.
wg rB/Y. Share of government interest payments in output, w,=ws;+wgtw,.
We cly. Share of private consumption in real output
wp QP,/PY. Share of investment spending on differentiated goods in output, w.+wy+ws=1).
Wy (1-L)/L Ratio between leisure and labour.
wy rviY. Share of income from company shares in real output, w,=w,wp= 1-w-w,.
L Proportional tax rate on labour levied on households.

a. Equation (E’) is relevant only under bond-financing. A value of { in excess of unity is needed to ensure
that the government’s solvency condition (2.21) is satisfied. See section 3.4 in the text.

b. Equation (F"') must be used under restricted entry (N=0) in which case the zero pure-profit condition
(N’) is irrelevant.
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Definitions:

€ WL/Y.
w, rAlY.
Wg G,)/Y.
we  CIY.
Wy Q/Y.
w,  (1-L)/L
W, Z/Y.
wy rv/Y.
3

Table 3: Log-Linearized Version of the Benchmark Model

é = rwGGO + B + tLEL[L~ + W] - wzz - (1—tL)6LfL

§'§ = er[Z0 - 7]

Y = ple,L + (1-¢)K] ¢

Share of before tax wage income in real output.

Share of income from financial assets in real output, w,=wq+w,(1-t,)e,.
Share of government spending on differentiated goods in output.

Share of private consumption in real output

(A"

B

(€

D"

(E")

(F")

(G

(H)

Share of investment spending on differentiated goods in output, w.+wy+w;=1).

Ratio between leisure and labour.
Share of lump-sum taxes in real output, w,=w;+ze;.

Share of income from company shares in real output, w,=w,=1-¢,-w,.

Proportional tax rate on labour levied on households.

a. Equation (D’) is relevant only under bond-financing. A value of { in excess of unity is needed to
ensure that the government’s solvency condition (2.21) is satisfied.



Table 4. Long-Run Effects of Fiscal Policy

(lump-sum financed, free entry/exit, finite horizons)
Shock: G, = 1

Intratemporal substitution elasticity between leisure and consumption: o,

0 0.5 1 2 3
Intertemporal
substitution Output multiplier: dY/dG,
parameter:
2 2 0.86 0.95 1.07 1.45 2.26
1 0.85 0.94 1.05 1.39 2.11
0.8 0.85 0.94 1.05 1.38 2.08
0.5 0.85 0.93 1.04 1.37 2.04
0.2 0.84 0.93 1.03 1.36 2.01
B=0 0.88 0.99 1.14 1.64 2.88
Consumption multiplier: dC/dG,
£ 2 -0.24 -0.16 -0.06 0.27 0.99
1 -0.25 -0.17 -0.07 0.23 0.86
0.8 -0.25 -0.17 -0.07 0.22 0.84
0.5 -0.25 -0.17 -0.08 0.21 0.81
0.2 -0.25 -0.17 -0.09 0.20 0.77
8=0 -0.24 -0.14 -0.01 0.42 1.51
Capital stock effect: K (in %)
¢ 2 5.39 6.02 6.82 9.30 14.71
1 5.16 5.74 6.47 8.71 13.38
0.8 5.11 5.68 6.40 8.59 13.13
0.5 5.05 5.60 6.30 8.43 12.78
0.2 4.98 5.52 6.20 8.26 12.44
B=0 6.15 6.96 8.01 11.46 20.18
Employment effect: L (in %)
£ 2 4.27 4.74 5.32 7.14 11.10
1 4.32 4.76 5.31 6.99 10.51
0.8 4.33 4.76 5.31 6.97 10.40
0.5 4.34 4.77 5.30 6.92 10.25
0.2 4.36 4.77 5.29 6.88 10.10
=0 4.12 4.66 5.37 7.68 13.53
Real wage effect: W (in %)
¢ 2 1.72 1.92 2.18 2.99 4.74
1 1.62 1.81 2.05 2.77 4.27
0.8 1.60 1.79 2.02 2.72 4.19
0.5 1.58 1.76 1.98 2.66 4.06
0.2 1.55 1.72 1.94 2.60 3.94

g=0 2.03 2.29 2.64 3.78 6.65



Table 5. Long-Run Effects of Fiscal Policy under Perfect Competition

(lump-sum financeq, finite horizons)
Shock: G, = 1

Intratemporal substitution elasticity between leisure and consumption: o,

0 0.5 1 2 3
Intertemporal
substitution Output multiplier: dY/dG,
parameter:
¢ 2 0.76 0.75 0.74 0.71 0.69
1 0.76 0.74 0.72 0.69 0.66
0.8 0.75 0.74 0.72 0.69 0.65
0.5 0.75 0.73 0.71 0.68 0.65
0.2 0.75 0.73 0.71 0.67 0.64
=0 0.79 0.79 0.79 0.79 0.79
Consumption multiplier: dC/dG,
& 2 -0.32 -0.33 -0.35 -0.37 -0.39
1 -0.33 -0.34 -0.36 -0.38 -0.41
0.8 -0.33 -0.34 -0.36 -0.39 -0.42
0.5 -0.33 -0.34 -0.36 -0.39 -0.42
0.2 -0.33 -0.34 -0.36 -0.40 -0.43
=0 -0.32 -0.32 -0.32 -0.32 -0.32
Capital stock effect: K (in %)
¢ 2 4.62 4.54 4.45 4.29 4.13
1 4.36 4.25 4.15 3.94 3.75
0.8 4.31 4.19 4.09 3.88 3.68
0.5 4.23 4.11 4.00 3.78 3.57
0.2 4.15 4.03 3.91 3.68 3.47
=0 5.51 5.51 5.51 5.51 5.51
Employment effect: L (in %)
£ 2 5.65 5.55 5.46 5.27 5.10
1 5.69 5.56 5.44 5.20 4.98
0.8 5.70 5.57 5.44 5.19 4.96
0.5 5.71 5.57 5.43 5.17 4.93
0.2 5.72 5.57 5.43 5.15 4.89
=0 5.51 5.51 5.51 5.51 5.51
Real wage effect: W (in %)
¢ 2 -0.31 -0.30 -0.30 -0.29 -0.29
1 -0.40 -0.39 -0.39 -0.38 -0.37
0.8 -0.42 -0.41 -0.41 -0.39 -0.38
0.5 -0.44 -0.44 -0.43 -0.42 -0.41
0.2 -0.47 -0.46 -0.46 -0.44 -0.43

g=0 0.00 0.00 0.00 0.00 0.00



Figure 1. Fiscal Policy (Lump-Sum Taxes, Barro-Ramsey)
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Figure 2. Fiscal Policy (Lump-Sum Taxes, Blanchard)
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Figure 3. Fiscal Policy (Labour Taxes, Barro-Ramsey)
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