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1. Introduction

Keynes showed in higseneral Theorythat in case of deficient demand on labour and
goods markets the government can step in and increase its consumption to raise national income
and employment. During the 1970s models were built which operationalised Keynes’ insights by
assuming perfect competition on goods and labour markets and postulating fixed (or sticky) wages
and prices. More recently, however, a number of authors have stressed that large government-
induced output and employment effects can also be obtained in models with monopolistic
competition, explicit price setting, and clearing labour and goods markets (see Silvestre (1993) and
Dixon and Rankin (1994) for excellent surveys of this literature).

Static models in this vein typically rely on an endogenous labour supply response in order
to generate positive output and employment effects of public consumption. For a fixed number of
firms, a lump-sum tax-financed increase in public consumption makes agents poorer which prompts
them to decrease consumption and increase labour supply. The resulting increase in firm profits
mitigates the reduction in household wealth and thus sets in motion a multiplier process. Heijdra
and Van der Ploeg (1996) have shown within the context of a static model that free entry of firms
may have important productivity-enhancing effects. In their model, entry of firms eliminates profits
but reduces the true price index of composite consumption thus increasing labour productivity and
the real wage.

During the last few years, a number of authors working in the real business cycle (RBC)
tradition have started to develop (stochastic) dynamic general equilibrium models in which the
number of firms similarly plays a vital role (see Chatterjee and Cooper (1993), Devereux et al.
(1993, 1996a-b), Heijdra (1994), and Bénassy (1996b)). Chatterjee and Cooper not only emphasize
the role of entry and exit of firms in business fluctuations but also provide convincing empirical
evidence that net business formation is strongly pro-cyclical (1993, pp. 2-3). They show with the
aid of stochastic numerical simulations that a model with free exit/entry of firms exhibits a slower
speed of adjustment (and thus more persistence) than both a model without entry/exit and a
perfectly competitive model (see also Devereux et al. (1993) and Bénassy (1996b) on a related
point). Since the lack of a quantitatively significant propagation mechanism is widely considered to
be an important weakness of existing RBC models (Stadler, 1994, p. 1769), monopolistic
competition is thus shown to be potentially useful.

The main objective of this paper is therefore to study theoretically to what extent
monopolistically competitive models yield different predictions than more traditional models based
on perfectly competitive behaviour. We follow the most recent literature by reserving a central role
for exit/entry of firms. Whilst Chatterjee and Cooper (1993) study both productivity and preference
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shocks and Devereux et al. (1996a) consider productivity shocks, the present paper is more closely
related to the static monopolistic competition literature by focusing on the effects of changes in
government consumption. This makes it possible to relate our findings to the static literature
mentioned above, to the RBC paper by Baxter and King (1993), and to the recent study of
Devereux et al. (1996b).

The basic dynamic monopolistic competition model, variants of which were developed and
studied independently by Heijdra (1994), Heijdra and Van der Ploeg (1996), and Devereux et al.
(1996b), possesses strong RBC-style properties. A permanent unanticipated increase in government
consumption which is financed by means of lump-sum taxes gives rise to a negative wealth effect
which boosts labour supply. The saving-investment accelerator magnifies the shock and thus helps
to explain a positive effect on output and employment. Crucial to this mechanism is the
intertemporal substitution effect in labour supply. Free exit/entry of firms leads to a magnification
of this labour supply effect so that even relatively small scale economies can make a major
difference to the predicted output effect of government spending.

We extend the existing literature, as exemplified by Devereux et al. (1996b), in a number
of different directions. First, we are able to provide a full analytical characterisation of the basic
case they study. In order to emphasize the main economic mechanisms as clearly as possible, a
deterministic model is developed. By making use of the Laplace transform techniques pioneered by
Judd (1982) and assuming perfect foresight, a log-linearized version of the model can be solved for
the impact, transition, and long-run effects. The theoretical impulse response functions can be
shown to depend in a simple way on structural parameters. In contrast, Devereux et al. (1996b)
only obtain analytical results for the long-run effects, and resort to numerical simulations to
compute the impact and transitional effects.

Second, unlike Devereux et al. (1996b) who only consider lump-sum taxation, we also
study explicitly the issue of financing with the aid of our model. If government consumption needs
to be financed with an output tax, as in Baxter and King (1993), the scope for a positive output
effect is significantly reduced as there are strong crowding-out effects on consumption and the
capital stock in the long run. In this setting, increasing returns due to exit/entry of firms help to
explain a largenegativeoutput effect of government consumption. Intuitively, the use of output
taxation critically affects the core supply-side mechanism which is operative in the model. It thus
leads to a reversal of the Keynesian' conclusions obtained under lump-sum taxation. Numerical
evidence furthermore confirms and extends Chatterjee and Cooper’s (1993) results, viz. output
persistence is increasing both in the returns-to-scale parameter and in the initial output tax rate.

Third, we also go beyond Devereux et al. (1996b) by introducing overlapping generations

of mortal households, thus allowing for Ricardian non-equivalence and a meaningful role for bond
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financing (which is studied in an appendix). In this setting, consumption and the capital stock may
be crowded out in the long run due to a generational-turnover effect, even if lump-sum taxes are
used. If households have finite lives and labour supply is fixed, as in Blanchard (1985), the model
predicts a negative long-run output effect of government consumption. Again, as with output
taxation, the existence of increasing returns magnifies this negative effect on output. Numerical
results suggest that output persistence decreases as the deviation from Ricardian equivalence
becomes more significant, i.e. as the birth rate increases and the expected planning horizon
becomes shorter.

The remainder of this paper is organised as follows. In section 2, the basic theoretical
model is developed. In sectid3 a useful solution approach is suggested for analyzing the dynamic
properties of the model. In section 4 the representative agent version of the model is used to study
the efficacy of fiscal policy under the different modes of financing. In section 5, the overlapping
generations version of the model is studied. Finally, in section 6, the paper concludes with some
suggestions for further research. In a brief appendix it is shown that deficit financing can give rise
to non-monotonic impulse response functions in the overlapping generations version of the model.
It is furthermore shown how anticipation and duration effects can be studied with the aid of the

Laplace transform method.

2. A model of perpetual youth and monopolistic competition

2.1. Households

Following Blanchard (1985), 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 at time&f the representative agent
born at timev is denoted by\(v,t):

<)

ﬂsclog C(v,T) + (L-g)log[1- L(v,r)ﬂ e@Bt-dr, (2.1)

AV,

where C(v,1) and L(v,T) are, respectively, consumption of a homogeneous good and labour supply
in periodt by an agent born in period, a is the pure rate of time preference>0), andf is the

probability of death §=0). The agent’s budget restriction‘is:
AVT) = [r@+BIAVT) + WIOLMT) - TT) - CW,1), (2.2)

where r(t) is the real rate of interesiMT) is the real wage rate (assumed age-independent for

-3-



convenience),I(t) are real net lump-sum taxes, addv,t) are real financial assets. The price of
the final good P(1) defined in the text below (2.7)) is used as the numeraire.

The representative agent chooses a time profileCimt) and L(v,T) in order to maximise
(2.1) subject to (2.2) and a No Ponzi Game (NPG) solvency condition. The optimal time profile for

consumption is:

SOV ) -a, (2.3)
C(v,b)
and labour supply is linked to consumption according to:

(1-g)C(vY)
eWH

1-L(vt) = (2.4)

A crucial feature of the Blanchard (1985) model is the simple demographic structure,
which enables the aggregation over all currently alive households. At each instance a large cohort
of size BF is born andBF agents die. Normalising to unity the size of the population is constant
and equal to unity. Given this simple demographic structure, the aggregate variables can be
calculated as the weighted integral of the values for the different generations. Aggregate financial
wealth is, for exampleA(t)=[', A(v,H)Be*Vdv, and the aggregate values f6(t), L(t), and T(t) are
defined in a similar fashion. It is shown in Heijdra (1997) that the main equations describing the
behaviour of the aggregate household sector can be written as in equations (T1.2) and (T1.7) in
Table 1. Equation (T1.2) is the aggregate Euler equation modified for the existence of overlapping
generations of finitely-lived agents. It has the same form as the Euler equation for individual
households (equation (2.3)) except for the correction term due to the distributional effects caused
by the turnover of generations. Optimal consumptipowth is the same for all generations (since
they face the same interest rate) but older generations have a higher consutapébthan
younger generations (since the former generations are wealthier). Since existing generations are
continually being replaced by newborns, who hold no financial wealth, aggregate consumption
growth falls short of individual consumption growth. The correction term appearing in (T1.2) thus

represents the difference in average consumption and consumption by ne#wborns:

e _ AW CwY [C(t) _ca, t)D s
o o Pl PEmDT oy PRE e @9

Equation (2.5) shows that, since the aggregate stock of financial assets is po&fti®)( the
steady-state interest rate must exceed the rate of time preferencesdi.eThe rising individual

consumption profile that this implies (see (2.3)) ensures that financial wealth is transferred from



old to young generations in the steady-state (see Blanchard, 1985).

2.2. Firms

We introduce monopolistic competition in the standard mafAr@rere are two production
sectors in the economy. The final goods sector uses inputs produced by the intermediate goods
sector to produce its output which is either consumed by households or the government, or
invested by households to augment the aggregate capital stock. The final goods sector is
characterized by perfect competition. The intermediate goods sector, on the other hand, is
populated by a large number of monopolistically competitive firms who each rent capital and
labour from the households in order to produce a slightly unique' variety of a differentiated
intermediate product.

Technology in the final goods sector is described by the following CES aggregate of all

existing intermediate inputs:

-1

)
o- GD
Zi (t)( i |:| ’
O

i=1

_ AR (2.6)
Y() = N @(t)

whereY(t) is aggregate output of final good&(t) is the quantity of variety of the differentiated
intermediate good used as inputs in the production of final gobifg, is the number of input
varieties,n regulates the productivity effects of increased input variety (see below)gasdthe
constant substitution elasticity between the different input variéties.

The representative producer in the final goods sector minimizes the cost of producing a
given quantity of final goods. It does so by choosing the optimal mix of different input varieties.
This leads to a cost function of the formC,(t)=P(t)Y(t), whereP(t) is given by:

o %T(H) 2.7)
P = NO RO Y PO '
O i=1 O
and whereP,(t) is the price of input variety. Marginal cost pricing implies that the price of the
final good equalsP(t)=P(t)/[1-t,(t)], wheret(t) is a tax levied on the output of the final goods

sector? The input demand functions are obtained by applying Shephard’s Lemma to (2.7):

_ TGO _ ) 0P _ ey oemeon EPi(t)DG (2.8)
Z(t) = EEOR Y(t) E) N(t) ©m Y(t)%g.

The formulation of the final goods sector impliesternal economies of scale due to increasing

diversity providedn>1. This is the basic Ethier (1982) insight: more diversity in the differentiated
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goods sector enables final goods producers to use a more roundabout’ production process and
hence lower unit cost. Of course, these scale economies only become effective if the number of
firms is allowed to change.

In the intermediate goods sector there &lg) identical firms that each produce a single
variety of the differentiated input. The typical firimrents capital K(t), and labourL;(t), from the

households and its gross production functibfi), exhibits non-decreasing returns to scalzl():
Z(t) + @ = F(L().K(®) = LO™KO, (2.9)

where 0<,<1, Z(t) is net marketable production of input varigtyand® is fixed cost modelled in

terms of firmi’s own output. The cost function associated with (2.9) is given by:

i ﬁ &
TC(t) = EN (t) D BD () I‘(t) 5 [Zi(t) +¢]1/A’ (2.10)
J& o L&

DI:H:I

where WN(t)=W(t)Py(t) is the nominal wage rate arfél(t)[r(t)+J] is the nominal rental charge on
capital.

Each firm in the imperfectly competitive intermediate goods sector faces a constant-
elasticity demand for its own input variety, the expression for which is given in (2.8). As a result,

the price of input is set equal to a constant markup times marginal cost:

P :H%’TC()E - u mTC(t)D (2.11)
Tz g Ae®HZ0 3

where [Eo/(0-1)>1 andp;(t)=[Z(t)+P]/Z(t)>1 measures (local) internal increasing returns to scale
due to the existence of fixed costs (Rotemberg and Woodford, 1995, p. 253). Furthermore, the
factor demands by firm are determined by the usual marginal productivity conditions for labour

and capital:

oz Aviob ] oz Relds T3, (2.12)
oL (D) Mo PO E KO DP Uy o
i O !

Under Chamberlinian monopolistic competition exit and entry is free, so that the zero pure profit

condition holds in the intermediate goods sector. As a result the price equals average cost:

PO - (213)

By combining (2.11) and (2.13), we obtain Ap(t) which implies a simple expression for the
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equilibrium firm size in the intermediate goods sector:

z@®)=z= 2% (2.14)

where p3 is required for the equilibrium to exist.
Since free exit/entry eliminates all excess profit, the market value of claims on the capital
stock (i.e. ‘ shares') is equal to the replacement value of the capital stock. As a Kégult

measures both the physical capital stock and the real value of shares.

2.3. Government

The government consuméa(t) units of the final good and its periodic budget identity is
given in (T1.3), whereB(1) is real government debt at time The government can finance its
expenditure on goods plus debt services by issuing more tﬁiébl),(or by changing one or both
of its tax instruments, viz. the lump-sum taX()) or the tax rate on output of the final goods
sector {(1)). Since the government must remain solvent, the NPG condition is_JB(r)x
exp[{ir(s)ds|=0, so that (T1.3) can be integrated forward to derive the government budget

restriction:

P g U
B0 = [ [T + 0¥ -~ G(m)]expt [r(9sr. (215)
O O

Solvency of the government implies that the level of government debt must equal the present value

of present and future primary surpluses.

2.4. Symmetric equilibrium

The model is symmetric and can thus be expressed in aggregate terms. Equation (2.14)
shows that all existing firms in the intermediate sector are of equal Zjzand hence (by (2.11))
charge the same price and (by (2.12)) demand the same amounts of capital and labour, i.e.
Ki(t):lZ(t) and Li(t):l__(t). Equation (2.6) yields the expression for aggregate output in the final
goods sector, i.eY(t)=N(t)”Z_. Hence, aggregate output of final goods is an iso-elastic function of
the number of input varietie$\(t).

The main equations of the model are reported in Table 1. The aggregate physical capital
stock evolves according to (T1.1), which shows that net investment equals gross investment minus
replacement of the worn-out capital stock. The movement of consumption is described by equation
(T1.2), which is the aggregate Euler equation corrected for the turnover of generations. We have

used the fact that financial wealth is the sum of shares and government bonds. The government
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budget identity is given in (T1.3). The aggregate demands for labour and capital (under free
entry/exit) are given by (T1.4) and (T1.5), respectively. The equilibrium condition for the final
goods market is given in (T1.6), and aggregate labour supply is given in (T1.7). The equilibrium
number of firms and the aggregate production function for the final goods sector are given by
(T1.8). There are constant returns to scale in the aggregate production factors for the equilibrium
number of product varieties, but increasing returns to scale for aggregate dutpuit.

In a seminal paper, Weitzman (1994) has recently demonstrated that a generalised
aggregator function such as (2.6) can be interpreted as a reduced form of a spatial model of
monopolistic competition on the circle, provided each firm can choose its own level of
specialisation. In his model, an increase in the supply of production factors increases the number of
firms and decreases the incentive of individual firms to capture a wide segment of the market.
Instead, each firm produces a larger quantity of a more specialised product at a lower price. As a
result, the number of firms and aggregate output depend on aggregate factor supplies as in equation
(T1.8)7

3. Model properties

3.1. Stability

The local stability of the model can be studied by log-linearized it around an initial steady
state. The main expressions are given in Table 2. The state variables are the aggregate capital stock
(which is predetermined) and consumption (which is a jump variable). By using labour demand
(T2.4), labour supply (T2.7) and the aggregate production function (T2.8), a useful quasi-reduced
form' expression for aggregate output is obtained:

0 = ne-e)R® - @-CM) + 1) (3.1)
where Y(t)=dY(t)/Y, K(t)=dK(t)/K, C(t)=dC(t)/C, T(t)=dt(t)/(1t,), and @ is a crucial parameter
representing the intertemporal labour supply elasticity as magnified by the diversity rgffect

e (3.2)
1+, (1-ng)

¢

where w, ((1-L)/L=0) is the ratio between leisure and labour, which also represents the
intertemporal substitution elasticity of labour supply. Note tial if labour supply is exogenous

(sinceL=1 implies thatw,=0). Sincew,, =0, the sign restriction omp is automatically implied if
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ne.<l. If ng,<1, @ is a concave function ofy, with a positive asymptote of (fje,)™* as w,, — o,

and if ng,=1, ¢=1+w,,. If ng>1, @ has a vertical asymptote aj,=(ng.-1)"*, and for 0<w <(ng,-

1)*, @ is a convex and increasing function @f, exceeding unity. In order to cover this remaining
case, we make the following convenient assumption regarding the range of admissible values for

the intertemporal substitution elasticity of labour supply.
AsSUMPTION1: If ng >1 it is assumed thab<w, <(ng-1)™

By using (3.1), (T2.5), and (T2.6) in (T2.1)-(T2.2), the dynamical system can be written as:

%f((t)%: 0 @w)ned-g)-w] Bl +o-1) HRKmH MOF (3.3)

e Hr-0-+d1-ne(-g)] (r-a)-¢+de-DHEmE HOF

where lz(t)EdK(t)/K, é(t)EdC(t)/C, vc(t) andy(t) are (potentially time-varying) forcing terms, and
W, w and wg are, respectively, the share of consumption, investment and government
consumption in national incomew{tw+ws=1). Saddle-point stability holds provided the
determinant of the Jacobian matrix on the right-hand side of (3.3) is negative. Proposition 1
summarizes some stability results for the benchmark model that will prove useful in the discussion

of policy shocks.

ProOPOSITION 1: The model satisfies the following propertigd) Infinite horizons (=0): If (i)
labour supply is exogenougp=1) or (ii) if labour supply is endogenoug@>1) and initial
government spending is zefay), a necessary and sufficient condition for saddle-point stability is
that &= 1-n(1-€)>0; (iii) If labour supply is endogenou@p>1) and government spending is positive
(ws>0), &>0 is a sufficient condition for saddle-point stability2) Finite horizons (3>0): (iv)
&>ws/@ is a sufficient condition for saddle-point stabilit{8) In the stable case, the characteristic
roots are >0 and -h'<0. The unstable root satisfies the inequalityr-a+w.(r+3). PROOE See
Heijdra (1997).

The intuition behind the requiremert0 is that there be diminishing returns to the aggregate
capital stock (see (T1.8)). If lives are infinite, labour supply is elastic and government spending is
positive, the negative wealth effect of the capital stock on labour supply ensures that the marginal
product of capital is diminishing even §=0. As agents get wealthier, they consume more leisure

and thus supply less labour. This reduces the marginal productivity of capital. With both finite



horizons and elastic labour supply, the necessary and sufficient condition depends on the various

parameters. To simplify the discussion we simply assume that the sufficient condition holds:
ASSUMPTION 2: £=1-n(1-€)>ws/@=0.

This condition is very mild. For example, taking typical valueg=0.2, n=1.30, andg =0.7, we
obtain £=0.61, which easily satisfies the sufficient condition for exogenous labour supell),(

anda fortiori for endogenous labour supplgX1)2

3.2. Graphical Apparatus

In order to facilitate the discussion of the model, it is first summarised graphically by
means of two schedules plotted in Figure 1. TBecurverepresents all points for which the goods
market is in equilibrium with a constant capital stodf((to:O). The MKR curveis the Modified
Keynes-Ramsey rule, which represents the steady-state aggregate Euler equation augmented for the
turnover of generationf(t):O). The IS curve is obtained by rewriting the first equation in (3.3) in

steady-state form, and is unambiguously upward sIopin@(t},(Z(t)) space?

&w - E”‘p(l 8) ‘”E«)

0 0 %(w (Pl)%/()

The dynamic forces operating on the economy off the IS curve are obtained from the first equation

(3.4)

of (3.3). Points above the IS curve are associated with a falling capital stock over time because
both goods consumption is too high and labour supply (and hence production) is too low.
Consequently investment is too low to be able to replace the depreciated part of the capital stock.
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
(3.3):

(3.5)

0
o+(r+o
ér (r+d)[1-ne(l-¢) H<() O 1 D/c()

(r-a)-(r+3)(¢-1) O SEGEE [ CEbla

The slope of the MKR curve is ambiguous because it is determined by two effects which work in
opposite directions, viz. thgenerational turnover(GT) effect and thdabour supply(LS) effect.

The intuition behind these two effects can best be explained by looking at the two polar cases.
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3.2.1. Labour supply effect with infinite lives

The pure LS effect is isolated by studying the model with endogenous labour supply and
infinitely-lived agents, i.eq>1 andp=0. In that case the MKR curve represents points for which
the real interest rate equals the rate of time preferenéaK,tJ=a, so that the slope of MKR
depends on the partial derivatives/dC and dr/oK. In order to explain the intuition behind these
partial derivatives, Figure 2 depicts the situation on the markets for production factors. A useful

expression for the (inverse) demand for capital)(i6 obtained by combining (T2.5) and (T2.8):

Er:é%(t) - ne L) - [1-n@-g)RWO - T, (3.6)
where F(t)=dr(t)/r, L(t)=dL(t)/L. In terms of Figure 2(a), K is downward sloping in view of
Assumption 2, and an increase in employment shiftstd the right. For a given stock of capital,
the real interest rate clears the rental market for capital, and in the infinite horizon model the long-
run supply curve of capital is horizontal and coincides with the dashed line in Figure 2(a).

By using (T2.4) and (T2.8), the (inverse) demand for labodi) @an be written as:

Wt = (ne.-DLE® + n(@-g)K® - {0, (3.7)

where W(t)=dW(t)/W. In terms of Figure 2(b), an increase in the stock of capital shiftaip, but
the slope of £ is ambiguous and depends on the strength of the diversity effegg, 4(=,>)1, L°
is downward sloping (horizontal, upward sloping). Labour suppfy,i¢ upward sloping and shifts
to the left if consumption rises (see (T2.7)). This is the wealth effect in labour supply, as
consumption is itself proportional to total wealth. Finally, Assumption 1 ensures that the labour
supply curve is steeper than the labour demand curve.

An increase in consumption (froi@, to C,) shifts the labour supply curve to the left, say
from LS(W,C,) to L3(W,C,) in Figure 2(b), and for a given capital stock, employment falls fiom
to L,. This reduces the marginal product of capital, shifts the demand for capital to the left, say
from K°(r,L,) to KP°(r,L)) in Figure 2(a), and causes a fall in the interest rate. This explains why
0r/0C<0.

An increase in the capital stock (froig, to K;) has two effects. First, théirect effect
leads to a rightward shift of the capital supply curve which, for a given level of employment, leads
to a reduction in the rental price of capital. In terms of Figure 2(a) the direct effect is represented
by the move from Eto B. There is also aindirect effect, because the increase in the capital stock
boosts labour demand, say fronP(W\K,) to L°(WK,) in Figure 2(b). For a given level of
consumption, this leads to an expansion of employment ftgnto L,, represented by the move

from E, to B. This increase in employment, in turn, boosts the demand for capital, say from
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KP(r,L,) to K°(r,L,) in Figure 2(a). The indirect effect thus represents the move from point B to
point C directly above it. For a moderate value of the intertemporal substitution elasticity of labour
supply (v,=0) or a weak diversity effect n&l), the labour supply parameter is small
(1<@<@=1/[n(1-€.)]), and the direct effect of the capital stock dominates the employment-induced
effect, so that the rate of interest depends negatively on the capital $td@K<0, and the MKR
curve in Figure 1 is downward sloping (a€/dK=-(0r/dK)/(dr/0C)<0 in that case). Points to the

left of the curve are associated with a low capital stock, a high rate of interest, and a rising full
consumption profile.

For a high enough value of the labour supply paramegeq), however, the rate of interest
does not depend on the capital stock as the two effects exactly cancel. In terms of Figure 2(a), the
employment expansion shifts the demand for capital all the way to intersect supply in point D. In
that case the MKR curve is horizontal. For points above the MKR curve, consumption is too high,
and both labour supply and the rate of interest are too lowr&e). As a result, the consumption
profile is downward sloping. For an even higher value of the labour supply parangetey; the
employment-induced effect dominates the direct effect, capital demand shifts all the way to
intersect supply in point E, the rate of interest depends positively on the capital 8tdgK>0,
and the MKR curve is upward sloping. Points to the left of the MKR curve are now associated

with a low rate of interest, and a falling consumption profile.

3.2.2. Generational-turnover effect with exogenous labour supply

The pure GT effect is isolated by studying the model with exogenous labour supply and
finitely-lived agents, for whichg=1 and >0. In that case the MKR curve represents points for
which the tilt to the consumption profile of individual households is precisely sufficient to ensure
the turnover of financial assets across generatiofi§t,]-a=p(a+PR)K/C, wherer now does not
depend orC because labour supply is exogenous. From Figure 2 it is clear that with a fixed supply
of labour, only the direct effect of a changeknremains so thadér/oK<O0.

The MKR curve is upward-sloping because of the turnover of generations. Its slope can be
explained by appealing directly to equation (2.5) (wétlr1 and A=K) and Figure 4. Suppose that
the economy is initially on the MKR curve, say at point. BENow consider a lower level of
consumption, say at point B. With the same capital stock, both points feature the same rate of
interest. Accordingly, individual consumption growtﬁt(v,t)/C(v,t) [=r-p], coincides in the two
points. Expression (2.5) indicates, however, that aggregate consumption growth depends not only
on individual growth but also thegroportional difference between average consumption and

consumption by a newly born generation, i.€(t)-C(t,t)]/C(t). Since newly-born generations start
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without any financial capital, theabsolute difference between average consumption and
consumption of a newly-born household depends on the average capital stock and is thus the same
in the two points. Since the level of aggregate consumption is lower in B, this point features a
larger proportional difference between average and newly-born consumption, thereby decreasing
aggregate consumption growth. In order to restore zero growth of aggregate consumption, the
capital stock must fall (to point £ The smaller capital stock not only raises individual
consumption growth by increasing the rate of interest but also lowers the drag on aggregate
consumption growth due to the turnover of generations because a smaller capital stock narrows the
gap between average wealth (i.e. the wealth of the generations that pass away) and wealth of the
newly born.

For points to the left of the MKR curve, the capital stock is low and, consequently, the
interest rate is higher than the rate of time preference so that the consumption profile is rising. The
opposite holds for points to the right of the MKR curve. In terms of Figure 4, steady-state
equilibrium is attained at the intersection of IS and MKR in poigt Given the configuration of
arrows, it is clear that this equilibrium is saddle-point stable, and that the saddle pathis SP

upward sloping and steeper than the IS curve.

4. Fiscal policy in the representative-agent model

4.1. Introduction

The vast majority of studies on the intertemporal optimisation approach to macroeconomics
is based on the notion of a representative infinitely-lived agent (see, for example, Baxter and King
(1993), Chatterjee and Cooper (1993), Heijdra and Van der Ploeg (1996), and Devereux et al.
(1996Dh)). In order to facilitate the comparison with that literature, this section studies the effects of
fiscal policy under infinite lives, i.e. the birth rate is set equal to z@=0§. This also implies that

the steady-state interest rate equals the rate of time prefenerae (

4.2. Lump-sum tax financing

The model can now be used to study the effects of fiscal policy on the economy, both in
the short-run, on the transition path, and in the long-run. The first case to be studied concerns an
unanticipated impulse at tim&=0 to government consumption which is financed by means of
lump-sum taxes. SincdK,C,t,J=a along the MKR curve, its position is unaffected by government
spending because lump-sum taxes are used. This implies that the forcing term in (3.5) is zero, i.e.
Ye(t)=0 for all t=0.

-13-



The IS curve shifts down and to the right as a result of the increase in government
spending as the forcing term in (3.4) is equalyt@t)z(émelm)ém for all t=0, where G=dG/G.
Increasing government consumption withdraws resources from the economy. In order to maintain
the same capital stock in equilibrium, goods consumption must fall. Depending on the magnitude

of @, four cases can be distinguished that are all consistent with saddle point stability.

4.2.1. Exogenous labour supply.

The effects of the fiscal impulse are first illustrated, in Figure 1, for the case of inelastic
labour supply (withg=1), in which case MKR is vertical (not drawn). The IS curve and the saddle
path (both not drawn) shift down by the amount of the shock to intersect the MKR curve in point
B. Since the capital stock is predetermined in the short run, the economy moves frienBEand
consumption decreases by the full amount of the fiscal impulse. Intuitively, the representative agent
observes the permanently higher level of lump-sum taxes needed to finance the additional
government consumption, feels poorer as a result, and cuts back consumption once and for all, i.e.
dC(t)/dG=-1 for all t=0. Since the capital stock is unchanged and labour supply is fixed, the
marginal products of capital and labour, and hence the interest rate and the wage, are unchanged
also, i.e.F(t)=W(t)=0 for all t=0. Furthermore, output and investment remain unchanged also, i.e.
\?(t)zf(t)EdI(t)llzo for all t=0. There is thus no transitional dynamics in the model if labour supply
is exogenous and the shock is unanticipated. This conclusion holds regardless of the assumed
industrial structure. Despite the fact that there are increasing returns in the intermediatergettor (
in (T2.8)) factor supplies do not change and the diversity effect plays no role. Hence, as is the case
for static models of monopolistic competition, an endogenous labour supply response is important

to obtain non-zero multipliers.

4.2.2. Endogenous labour supply

If labour supply is endogenous the MKR curve is no longer vertical. We illustrate the
intuition behind the effects of the fiscal shock for the case of moderately elastic labour supply
(1<cp<(3) in Figure 1, but the analytical expressions given below hold for all cases with elastic
labour supply. As before, the effect of the boost in public spending is to shift the IS curve (and the
corresponding saddle path) down and to the right. Since the capital stock is predetermined in the
impact period, the economy moves frorg & A on the saddle path $SPThe higher level of taxes

needed to finance the increase in government consumption again makes the agent feel poorer. The

?‘ﬂ%nwgﬁﬂsé?f'egnga%m WW@QHL@%HQMW&UW%%@W%M% is also a substitution

effect in labour supply, however, as the relative price of leisure (the wage) may change. It is easy
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r+(a+8)(@-1) w,G <o
r *((p+oocfl)

C(0) = W(0) - (L/w)L(0) = - (4.1)

to show, however, that with lump-sum taxation the combination of the two effects must produce an

increase in labour supply and employment at impact:

g g
() - -2 10 > o. (4.2)
ON& 0
The intuition behind this result can be illustrated with the aid of Figure 2(b) which depicts the
labour market. The fall in consumption shifts labour supply to the right, say fré(Ww,C,) to
L3(W,C,). The wealth effect thus corresponds to the move fromoEC (recall that consumption is
proportional to total wealth). Labour demand is given in (3.7) and Assumption 1 ensures that it is
less steep than labour supply. As capital is predetermined, the position of the labour demand curve
is unaffected, so that employment rises at impact regardless of the magnitude .offhe
substitution effect thus corresponds to the move from point C to D. The impact effect on the wage
rate is ambiguous as can be seen by using (ﬁf(m)z(r]eL-l)l:(O). In view of (4.2) and (4.3), this
implies that the wage is countercyclical (jg <1), constant (ifng =1), or procyclical (ifng >1).

The boost to labour supply causes an expansion in aggregate output and an increase in the
marginal product of capital, and hence the interest rate, despite the fact that the capital stock is

fixed in the short run:
%0) = B9 _H0) = (0-1)&0) > 0. (4.3)
M +00

The increase in the real interest rate not only results in an upward sloping time profile in

consumption but also creates a boom in saving-investment by the representative household:

- a+d)(@-1)w.G
o) - e Das )
r'w,
Hence, both consumption and the capital stock start to rise over time:
& = Ce " + Cel1-e ™). R = RE)1-e™) (4.5)

whereh’ is (minus) the stable characteristic root of the dynamical system (3.3) which represents

the adjustment speed in the economy, and the long-run effects on consumption and the capital

ﬁ%oféfrﬁge(ﬂiﬁau%:l equations (4.5)-(4.6) describe the smooth transition from point A to the new

steady-state equilibrium at point,.EThe long-run effect on the capital stock is positive but the
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Gy = OO NOA )G g @O DG
r *h*(w,/d) r ‘h*(w, /)

(4.6)

effect on consumption is ambiguous. For the moderately elastic case illustrated in Figprré 1,

and consumption falls in the long run. Hence there is still some crowding out of private
consumption in this case, though to a lesser extent than with exogenous labour supply, i.e.
-1<dC()/dG<0. The reason for this is that agents react to the fiscal shock by accumulating a
larger capital stock and supplying more labour, which in the steady-state gives rise to a higher
level of aggregate output. Since there is no long-run effect on the interestf¢ale0, (T2.5)
ensures that there is no long-run effect on the capital-output ratio either. Furthermore, capital stock

equilibrium ensures that the investment-capital ratio is unchanged in the long run also:
Y(e) = i(e) = R() > 0. (4.7)

The long-run effect on the labour market can be illustrated with the aid of Figure 2(b), which is
drawn under the assumption that labour demand is downward slopingi€¢j<€1). The short-run
equilibrium in the labour market is at point D. Since consumption rises over time (following its
initial drop), C(0)>C(0) and the labour supply curve shifts to the left, say frofW.,C,) to
L3W,C,). At the same time, however, the increase in the capital stock raises the marginal
productivity of labour which leads to an increase in the demand for labour, say ffgwiK,) to

L°(W,K,). The new equilibrium is at Fand both employment and the wage rise:

~ ~ ~ O 1D~
W(eo) = R(e) - [() = HI2FK(x) > 0, (4.8)
Oné g
n(1-e10
C(w) - E;Ll n(l-g) 82(00) >0 (4.9)
o N& g

With perfect competition in the intermediate sectgrl) there is no long-run effect on the wage
rate. In that case the constant steady-state real interestrrate niquely determines the optimal
capital-labour ratio as a function of preference and technology parametegs, and &. This
capital-labour ratio also fully determines the marginal product of labour and the real wage rate in
that case. Under monopolistic competition, on the other hand, the capital-labour ratio and hence the
real wage both rise with the capital stock and employment (see (4.8)-(4.9)).

If labour supply is highly elasticg&@) there is an increase in long-run consumption (see

the first expression in (4.6)). There exists crowding-in' of private by public consumption,
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dC()/dG>0, so that the real output multiplier is guaranteed to exceed unity (since both steady-
state investment and government spending also rise). This suggests that the diversity effect plays
an important role in thesize of the long-run output multiplier ag is increasing inn (see (3.2)).

After some manipulation, the long-run output effect (given in (4.7)) can be written in a multiplier

format:

dY(w) _ 1

> 0, (4.10)
dG 1-w +wCOo

whereCO is the consumption crowding-out term which can be written as:

,1 +0)LL

1

('OL L

Co = (4.12)

on €

[ [ e |

HEEH

Equation (4.11) shows that the crowding-out term is decreasing in the diversity éi@tin<0,

and hence attains its maximum value ©@0=1/wy, under perfect competitiomEL). This explains

why the output multiplier is larger under monopolistic competition than under perfect competition.
Indeed, the multiplier derived recently by Baxter and King (1993) is obtained as a special case of
(4.10)-(4.11) by imposing perfect competition (i.e. setting the diversity effeetual to unity). In

order to obtain a large output multiplier under perfect competition, the consumption crowding-out
effect must not be too strong. This is only possible, for a given share of consumption, if the
intertemporal substitution effect in labour supply is very strong (u®, is high). Under
monopolistic competition, on the other hand, crowding-out is less severe so that a smaller
intertemporal substitution effect suffices to explain a given multiplier.

A further implication of (4.11) is that the crowding-out term is always non-negative under
perfect competition, whereas it may be negative under monopolistic competition provided the
diversity effect is sufficiently strong. Hence, the highly elastic case for which there is crowding-in
of consumption is not possible under perfect competition. In terms of the diversity parameter, there
exists‘ crowding-in' of consumption if>(1+wy)/(1+wy, -€)>1."

4.2.3. Relationship to static literature

Before turning to alternative financing methods, it is useful to compare the results obtained
from the dynamic model to the ones obtained from a static model like the one suggested by
Heijdra and Van der Ploeg (1996). In doing so, the role of saving and the accelerator
mechanisnt are further clarified. In the static model, capital is a fixed factor of production and
in order to assure a well-defined static equilibrium it is assumed that depreciation idzexs().

Households have no means by which to transfer resources across time, so that saving is zero and
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income is exhausted on consumption and taxes. In terms of Table 2, the model consists of (T2.3)
to (T2.8), with capital exogenous, i.di(t)zlzozo. If lump-sum taxes are used, the government

budget identity can be ignored and the model can be reduced to the following two equations:

¥ = no-e)K, - (e-1)C, (4.12)
Y = 0.C + oG, (4.13)

where the time index is left out because the model is static. Equation (4.12) is an aggregate supply
function and is obtained by solving (T2.4), (T2.7) and (T2.8) for aggregate output. The negative
effect of consumption on aggregate output in (4.12) represents the income effect in labour supply.
Equation (4.13) is the goods market clearing condition. By solving (4.12) and (4.13) and setting

KOZO, the equilibrium effects on aggregate output and consumption are obtained:

O<%:(pq)l—+lwc<l, 1<%:q}1—i%<0. (4.14)
These expressions generalize the results of Heijdra and Van der Ploeg (1996, pp. 1290-92) by
including a fixed factor of production. In the absence of capital accumulation, consumption is
crowded out and the output multiplier is less than unity. The increase in public consumption raises
the rental rate on fixed capital, #&Y>0, employment expands, ag,L=Y>0, but the effect on the
wage is ambiguous, sincW:[(naL—l)/neL]\?.”’ Despite this ambiguity, household full income,
which is defined adV+rK-T, falls. This explains the mechanism by which both consumption and
leisure are cut back (and labour supply expands). In the static model the accelerator mechanism,
which plays a vital magnifying role in the dynamic model, is absent. This explains in what sense

the static and dynamic long-run multipliers differ.

4.3. Output tax financing

Up to this point, it has been assumed that the policy maker is able to finance the additional
government spending by means of (non-distorting) lump-sum taxes. This was done not for reasons
of realism, but rather in order to concentrate on the basic mechanisms underlying the multiplier. In
this section, we study what happens to the effects discussed above if the policy maker can only
expand government spending by raising the distorting output taxl%@t):-c.é(t):'f(t):o and T(t)z0
for all t=0. The government budget identity (T2.3) can then be written as follows:
The first term on the right-hand side of (4.15) represents the tax-rate effect whilst the second term

is the tax-base effect. By substituting (4.15) into (3.1), the following quasi-reduced form'
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£ () - J% fx Ot E?(t) (4.15)
At H g

expression for output is obtained:

G
1-t

(4.16)

[l
YO = ne@-g)AKWM - (@-1)A KW +
0

O=O0O

Y

where A=[1-(@-1)t/(1-t,)]*=(1,)/(1-¢t,). We assume that the economy operates on the upward
sloping section of the Laffer curve,£1/p), which implies thatA,>1 (if t,=0 initially there is no
erosion of the tax base am{=1).

By using (4.16) and following the standard solution approach, the appropriate expressions

for the IS and MKR curves are obtained:

0
&) - EW( &)A, - Ez(t) 0 B3 (4.17)

C (q) 1)A D Fi; «p 1)AY

<o - L NOA-e)AL o HeAw (4.18)
C) = - '
e Ry @«t) To DAL AYBS

As before, the IS curve is upward sloping and the MKR curve is downward (upward) sloping for

the moderately (highly) elastic case With<(>)(E(1-tY). We llustrate the intuition behind the
results with the aid of Figure 3 which depicts the moderately elastic case.

Ceteris paribus consumption and the capital stock, an increase in the output tax has a direct
negative effect on labour demand (see (3.7)), and thus also on output, the rate of interest, and
investment. As a result, an increase in government spending shifts both the IS and MKR curves.
The IS curve shifts down and to the right both because of the increased government spending (as
before in section 4.2and because of the adverse tax effect on investment. The MKR curve shifts
because of the adverse effect of the tax on labour demand and hence the marginal product of
capital and the rate of interest. In view of (4.17) and (4.18), the MKR curve shifts down by more
than the IS curve.

The representative agent feels poorer as a result of the higher level of public spending and

reacts at |m act by reducing consumption an spendin nlelsure _
where the |gn l;?)gllows begcause T&Ip %) %?so ng e presence of output taxation (see

Heijdra, 1997). In terms of Figure 3, the economy jumps at impact from the initial equilibrium at

E, to point A on the saddle path. The reduction of consumption does not automatically imply,
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90,1 "(1-1) - @ (a+3)|w,6 <0 (4.19)
r(1-t)[w.+(9-1)A) ’

C(0) = W(0) - (Ll )L(0) = -

however, that employment increases at impact. This is because, in contrast to the situation with
lump-sum taxes (see section 4.2), it is now possible that the positive wealth effect on labour supply
is more than offset by the negative substitution effect due to the increase in the output tax, even if
the initial output tax is zero. In terms of a diagram like Figure 2(b), the wealth effect shifts labour
supply to the right but the output tax shift labour demand downwards, leaving the net effect on

employment and hence on output ambiguous:

(o- 1)Av{r (ty-1+wy) +@A W (a +5)} W, G _ (4.20)
(1-t) [wc + (cpfl)AY] r-

If the wealth effect in labour supply dominates (is dominated by) the substitution effect caused by

ne L(0) = Y(0) =

the shift in labour demand, employment and output increase (decrease). A positive employment
and output response is less likely the higher the initial output tax. Despite the ambiguity of the
output effect, the impact effect on the tax rate is unambiguously positive:
~ 0
~ 0.G t
t(0) = °_ - LY
1-t, g—ty

Since labour supply shifts to the right and labour demand shifts down, the impact effect on the

O
é%) > 0. (4.21)

wage rate is ambiguous in general:

(1 -n EL) wLL é(o) - fy(o)
1+w,(1-ng)

W(0) = (4.22)

If ne.<(=)1, however, labour demand is downward sloping (horizontal) so that the wage must
fall.*

The demand for capital shifts down because of the output tax (see (3.6)). Even if the
impact response of employment is positive, this direct effect dominates the employment-induced

effect on capital demand so that the interest rate falls at impact:

7(o(+6)ooc(pAY{r -t + (@—1)Ay(a+5)}wsé <o, (4.23)

7(0) =
ar (1 —tY)Z[ooC +(9-1)4)

Furthermore, by using (4.19) and (4.20) in (T2.6), the impact effect on saving-investment is

-20-



obtained:

0 - (0 +0) w0 A, WG _ 0. (4.24)
(1-t)owr-’

The fall in the interest rate gives rise to a downward sloping consumption profile. Similarly, (4.24)
shows that investment falls at impact so that the capital stock starts to fall over time. The transition
path from point A to E in Figure 3 has the same form as (4.5) but V\(ft(i)) given by (4.19) and

the long-run effects on consumption and the capital stock, respectively, by:

We %( yo (@ +3) w. A, G <o (4.25)

K(e) - @4 o H (1-t)(w/3)r 'h°

where the sign of the long-run consumption effect follows from the fact thatd=w,+t(1-€) >0
(see Table 2). Both capital and consumption are crowded out in the long run, a result which stands
in stark contrast to the lump-sum financing case (see section 4.2. above).

The long-run effect on employment is determined by the interplay of demand and supply
on the labour market. The increase in the output tax and the reduction of the capital stock both
cause a downward shift in labour demand, but the fall in consumption prompts a rightward shift in

labour supply. The net effect on employment is:

w,(a +3) (9-1)A, w,G (4.26)
1-t)(w/3)r h

[() =

where w,=T/Y is the initial share of lump-sum taxes in outpub£ws-ty). If w=0, the wealth
effect in labour supply is exactly offset by the substitution effect caused by the decline in labour
demand, so that there is no long-run effect on equilibrium employmenb 0 (<0) the wealth
effect in labour supply dominates (is dominated by) the substitution effect so that employment

expands (contracts). The long-run effect on the wage rate is similarly dependent on

A, (o +8)[(@-1)w; N stccp]ooGG. 4.27)

W) = - =
ne (1-t)(w/9)r h

Unlessw; is very negative, the wage falls in the long run.
By combining the expressions for employment and the capital stock (viz. (4.25) and (4.26))
the long-run effect on output can be written in the familiar multiplier format:

d¥(e) _ (@-Dw -w.en(l-¢) (4.28)
dG (@ Doy + w@L-t,-nl-¢g)]

-21-



where the denominator of (4.28) is positive due to saddle-point stabilitya, 4D, output falls as
both employment and the capital stock fall. A positive output effect is thus only possible if there
are pre-existing lump-sum taxes.

As was the case for lump-sum taxation, there is a simple relationship between the dynamic
and static models of monopolistic competition (see also section 4.2.3 above). In the static model
non-depreciating capital is a fixed factor of production. If output taxes are used to finance

additional government consumption, the static aggregate supply expression is obtained from (4.16):

(4.29)

Y = «(9-1)4,

AN
.o

I [ [ |

Y

where we have already used the fact tﬁat)zlzozo. By solving (4.13) and (4.29), the expressions

for consumption and output are obtained:

dy _ w]eA, 1] dC WA,

- =_t7r 3 _—=-__ "7 <0 (4.30)
dG  w.+(p-1)A, dG w.+(p-1)4,

Consumption falls but the output effect is ambiguousw}£0, the income effect in labour supply

is exactly offset by the substitution effect caused by the decline in labour demand, so that there is
no effect on employment and output. A similar result was obtained by Molana and Moutos (1992)
in a static model with a fixed number of firms. >0 (<0) the income effect in labour supply
dominates (is dominated by) the substitution effect so that employment and output expand
(contract). A notable feature of the output tax is that the rental rate on fixed capital ifalls,
-0@A/[w+(@-1)A,J<0. Hence, whereas capital owners gain as a result of fiscal policy under
lump-sum taxation (see section 4.2.3), they unambiguously lose out under output taxation. As

before, the effect on the wage rate is ambiguous.

4.4. Some numerical evidence

In order to illustrate the quantitative significance of returns to scale and the mode of
financing, this section presents a calibrated example of the model. Since we wish to study the
effects of the intertemporal substitution elasticity in labour supply)( the pre-existing output tax
(t,), and the diversity parameten) on the various output multipliers, the model is calibrated in
such a way that these parameters can be freely varied. In terms of Table 3, the parameters that are
held fixed throughout the simulations are the rate of pure time preferanc@.(3), the rate of
depreciation of the capital stockb<0.07), the share of labour income £0.7), and the share of
government spendingy=0.2). In panel (a)t,=0 andwy, is varied and in panel (b}, =2 andt,

is varied. Panels (a) and (b) both refer to the case of infinitely-lived agg8).(Once these
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coefficients are set, all other information regarding shares can be obtained (see Heijdra, 1997).

In Table 3(a), the impact and long-run output multiplier¥(@/dG and dr(e)/dG) as well
as the adjustment speed of the econoimy &re reported for different values af, across columns
and different values fom across rows. The first row of Table 3(a) refers to the perfectly
competitive casen=1). Both the impact and long-run multipliers are increasingoin The higher
the willingness of the representative household to substitute leisure across time, the larger the
effect on output. For a high enough value @f,, the impact multiplier exceeds the long-run
multiplier and output overshooting takes place. The adjustment speed of the economy is also
increasing inw, . A high value ofw,, thus reduces the persistence of output to shocks. The same
pattern is observed for the other rows in Table 3(a).

Going down the columns in Table 3(a) reveals that both the impact and long-run
multipliers are increasing in the level of Especially if the intertemporal substitution elasticity is
high, even mildly increasing returns can have a significant effect on the size of the multiplier. For
example, ifwy,=5 the impact and long-run multipliers are respectively 1.15 and 1.1{x1f and
1.59 and 1.48 in=1.3.

In Table 3(b) we study the financing issue in more detail. Across columns different pre-
existing values for the initial output tax are considered. Singews-t,, a higher value fort,
implies a lower value forw,. Four major conclusions emerge from Table 3(b). First, both the
impact and long-run output multipliers and the adjustment speed in the economy are decreasing in
the initial output tax rate. Second, for the given calibration both impact and long-run multipliers
are negative even if the initial tax rate is zero (see the first column). Hence, despite the fact that
is positive if t,<wg, and employment rises in the long run (see (4.26)), the crowding-out effect of
government consumption on the capital stock dominates and the long-run output multiplier is
negative. Third, glancing down the columns in Table 3(b) one observes that the impact and long-
run output multipliers are decreasing in the diversity paramgtérhe knife thus cuts both ways in
the sense that the diversity effect magnifies the distortionary effect of the output tax on output.
Fourth, the adjustment speed of the economy is decreasingsaggesting that the diversity effect

can help explain output persistence (see also Bénassy (1996b) on this point).

5. Fiscal policy with finitely-lived agents

5.1. Introduction
Up to this point attention has been focused on the Barro-Ramsey case of infinitely lived

households. It is straightforward to analyze the complications that occur when finite horizons are

-23-



assumed. In order to focus on the pure GT effect, this section deals with the case of exogenous
labour supply ¢=1). Apart from the existence of monopolistic competition in the goods market,
this is also the case studied by Blanchard (1985).

The relevant MKR curve is obtained by rewriting the second equation in (3.3) in steady-

state form and imposing=1:

ct) =

o

U
—a+(r+9)[1-n1-¢)|0 (5.1)
r-o E«t)'

The GT effect ensures that the MKR curve is upward sloping (see section 3.2.2 and Figure 4).
Points to the left of the MKR curve are associated with a low capital stock, a high rate of interest,

and a rising aggregate consumption profile.

5.2. Lump-sum tax financing

The effects of fiscal policy are illustrated with the aid of Figure 4. The unanticipated
increase in government spending shifts the IS curve down and to the right. As capital is
predetermined, the economy jumps fromtk A on the saddle path, after which consumption and
the capital stock smoothly fall towards the new equilibrium in Ehe intuition is as follows. The
higher level of government spending and lump-sum taxes causes a negative wealth effect on all
existing generations who as a result cut consumption by the same absolute amount. This implies

that aggregate consumption falls at impact:

r-(r-a)|w,G

r o

C) = - <0, (5.2)

where we have used the fact thatr-a (see Proposition 1). This corresponds with the shift from

E, to A in Figure 4. Since capital is predetermined. labour supply is exogenous, and lump-sum
taxes are used, nothing happens to aggregate output, wages and the rate of interest at impact, i.e.
Y(0)=W(0)=F(0)=0. The reduction in aggregate consumption does not fully compensate for the
higher level of government spending, so that -Cf@)/dG<0, and saving-investment falls at
impact:

(r-a)wG <0

1(0) = (5.3)

row,
In terms of Figure 4, point A lies to the left of the new IS curve so that the capital stock starts to

tﬁlnleoéfﬁa[oﬂ'm%ecrease in the capital stock exerts upward pressure on the interest rate:
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(r-o)w, -

) = (1-e " R(co (oo) = — (5.4)
KO = 1-e ™R, K@) = ——— T
FO = (Lo f(e),  Fe) = L DCORLNAEOG (5.5)

rr *h"(w, /)
At the same time, the decline in the capital stock reduces the importance of the GT effect because
the difference between aggregate and new-born consumption falls (see section 3.2.2). This means
that the generations that pass away are replaced by newly born generations that are less wealthy.

As a result aggregate consumption starts to fall:

(r-a)+(r+3)[1-n(L-g)] .G
r ‘h*(w, /)

Ct) = C0)e"* + (1-e"Y)C(w), () = - <o0. (56)

In terms of Figure 4, (5.4) and (5.6) describe the gradual movement from point A to the new
equilibrium E. Capital stock equilibrium implies thaﬁ(oo)z}Z(oo)<0 and, since labour supply is
exogenous, the long-run effect on wages and output is fully explained by the decline in the capital
stock, W(e0)=Y(0)=n (1-€,)K(e0)<O0.

The long-run output effect can be written in the following multiplier format:

d¥(ew) _ (r-on(-e) <o, (5.7)
dG (1fn(1st))[u)c(r+6)+rfa] - wg(r-a)

where the denominator is positive by saddle point stability. In Heijdra (1997) it is shown that this
multiplier is decreasing in the diversity effedte. d[dY(«)/dG]/on<0. Hence, the existence of

diversity effects amplifies the crowding out effect of fiscal policy.

5.3. Finite horizons and endogenous labour supply

In the most general form of the model, horizons are finite and labour supply is
endogenous. From the discussion in sections 4.2 and 5.2 it is clear that the LS effect ensures a
positive long-run output multiplier under lump-sum taxation, whereas the GT effect works in the
opposite direction. It is not surprising therefore that the sign of the long-run output multiplier for
the most general case is ambiguous. As labour supply becomes more and more @lastis) ( the
LS effect starts to dominate the GT effect and the multiplier becomes positive.

The intuition built up with the case of exogenous labour supply suggests that the effect of
finite lives is to reduce the size of the multiplier. Finitely-lived agents do not feel the full burden

of the taxes needed to finance the additional government spending, and as a result do not cut back
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consumption to the same extent as under infinite lives. As a result, the labour supply and saving
responses are also smaller, and the long-run effect on the capital stock is smaller. Proposition 2
shows that it is indeed possible to derive that the long-run output effect is decreasing in the birth

rate 3.

PROPOSITION 2: The long-run output multiplier is a decreasing function of the instantaneous
probability of death. PROOF See Heijdra (1997).

5.4. Some numerical evidence

In Table 3(c)-(d) the gquantitative significance of the birth rate is analyzed numerically.
Panel (c) reports the impact and long-run multipliers for different combinations of the birtlf§ rate
and the intertemporal substitution elasticity of labour supply. As is to be expected from the
theoretical results, these multipliers are increasingojp and decreasing if8. Interestingly, the
magnitude ofw,, is much more important to the size of the multiplier thnFor example, even
for a very high birth rate, saf3=0.5, a relatively modest value of; suffices to explain a positive
long-run multiplier.

In panel (d) the interaction between the birth rate and the diversity effect is studied. The
results suggest that the diversity effect exerts a much more pronounced effect on the multipliers
than the birth rate. Tables 3(c)-(d) demonstrate that the adjustment speed of the economy is
increasing in the birth rate. Hence, an economy populated with finitely-lived agents shows much

less output persistence than an economy populated with infinitely-lived representative agents.

6. Conclusions

The paper demonstrates the crucial role of increasing returns to scale in a monopolistically
competitive world. Under Chamberlinian monopolistic competition, in which excess profits are
always zero due to instantaneous entry or exit of firms, a large long-run output multiplier is
obtained even for modest Ethier-style productivity effects, provided (in order of quantitative
importance) (1) the intertemporal substitution effect in labour supply is strong, (2) lump-sum taxes
are available, and (3) the generational turnover effect is relatively weak (and Ricardian equivalence
holds approximately). If any one (or a combination) of these conditions is violated, positive output
multipliers become unlikely. The scale economies then prove to be a double-edged sword," in the
sense that they help explain larger crowding-out effects and thus more negative output multipliers

than under the standard perfectly competitive case. The Keynesian quest for large multipliers thus
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has not come to an end with the macroeconomic literature on monopolistic competition.

Appendix. Further results

A.1. Debt financing

Under finite horizons, Ricardian equivalence fails and government debt has real effects,
both in the long run and along the transition path. Consequently, the third and final fiscal policy
experiment to be analyzed concerns a permanent unanticipated increase in government spending
which is financed by means of government debt. The notion of debt financing is modelled as

follows. The path of lump-sum taxes is:
) = [1-e "T(@), &>0, (A1)

which implies that a deficit is opened up at impact, which is gradually being closed over time.
Under the assumption thag=t (t)=0, the government solvency condition can be written in general
terms as¥ J,r}=< G,r},*® which implies that the long-run increase in lump-sum taxes equals
'T'(oo)z[(r+ET)/ET]é. In the long run, lump-sum taxes must rise by enough to cover the additional
government spending on googdus the interest payments on the public debt that is accumulated
during the transition period. Hence, the path of lump-sum taxes is tilted, with relatively low taxes
soon after the shock gradually rising to a level above what is needed to pay for public
consumption. By substituting the expression ) into (A.1) and using (T2.3) (wittt,=t(t)=0
imposed), the path for government debt is obtained:

B = [1-e *B(w),  B() = (7€) w6, (A2)

where B(t)=rdB(t)/Y. The government thus allows for a smooth build-up of government debt, from
an initial position of zero to an exogenously given long-run leveBgb). The loweré,, the the
slower is the adjustment in the lump-sum tax and the larger is the resulting long-run debt. Provided
&>0, however, the resulting debt process is stable.

The MKR curve is obtained by writing the second equation in (3.3) in it steady-state form.

o @I nel-e) . O 1 . (A3)
C(t) = L t) + t). '
O o raa9 @“ o aa gl

Equation (A.3) generalizes (5.1) by allowing for an endogenous labour supply decision. As was

explained in section 3.2, the slope of the MKR curve is explained by the combination of the labour
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supply and generational turnover effects. In Figure A.1, the MKR curve has been drawn under the
assumption that the former dominates the latter effect, so that MKR slopes down. This is the case
for g<@<@, where ¢=1+(r-a)/(r+3) and ¢= @[n(1-€)]. Since debt is only gradually accumulated,
the MKR curve is gradually shifted down and to the left over time. In terms of (A.3), bond
financing causes the shock term to be time-varying, y&t)=[(r-a)/w,]x B(t), where B(t) is
defined in (A.2).

The impact, transition, and long-run effects on all variables of an unanticipated permanent
increase in government spending have been computed in Heijdra (1997). The intuition behind these

results can de demonstrated with the aid of Figure A.1.

A.1.1. Long-run results

The long-run effect of the shock is to shift the IS curve from t8 IS, and the MKR
curve from MKR, to MKR;. The steady-state equilibrium shifts fromy © E,. If no debt financing
would be used&; - ), MKR would not shift. Hence, Hs the steady-state under pure lump-sum
taxation. As is illustrated in Figure A.1, the long-run effect on the capital stock and consumption

are unambiguously lower under bond-financing:

o B0+ (- Dw,GH  (r-a)(@rw.-1)rwG "
[K(m)]s T O — 0 — )
0 rh (e /3) i rh (@ /) w,&;
. O 3
[é(oo)] _ @I’ o +(I’+5) 1 r](p(l € )]]wGGE, (I’ *G)[r] @(17£L)7w|]rwee (AS)
° H rh(00,/0) ] e

where [.]; denotes bond financing. The terms in square brackets on the right-hand side of (A.4)
and (A.5) denote, respectively, the long-run capital and consumption effects under lump-sum tax
financing. Government debt partially crowds out claims to physical capital in the portfolios of
households, more so the lower is the valuegpfin the long-run, output, investment, and the real
wage rate are lower than under pure lump-sum taxation, and the interest rate is higher.

Employment is lower provided initial government spending is low.

A.1.2. Impact and transition results
As in section 5.2, the increase in public consumption causes a negative wealth effect,
because eventually lump-sum taxes are raised, so that consumption falls at impact:

where we have once again used the fact tfrat-a (see Proposition 1 and Heijdra (1997)). Output,
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€), - —ﬁ““"‘“("’l)(%)JwGé& r-arab _
O

(A.6)
r(+w.-1) H ()

employment, and the interest rate rise at impactnad (0)=[r/(r+8)]7(0)=Y(0)=-(¢-1) C(0), the
effect on wages depends on the strength of the diversity effedf\,/(a};:[(r]sL—l) /(r]sL)]\?(O), but

the effect on investment is ambiguous:

N :_%rfa)(r+6)((p+oocfl)+ e s g%é (A7)
@ 1(0) e r-a-(e-1)( 6)]%—*-

With a weak labour supply effect £ip<@) the term in square brackets on the right hand side is
positive so that investment unambiguously falls regardless of the valulg. dVith a moderate
labour supply effect@<@<@) the term in square brackets is negative and investment rises provided
&, is not too low. This is the case drawn in Figure A.1. The impact effect is a move from pgint E
to point B which lies below both ISand MKR, This implies that the capital stock and
consumption start to rise, say from point A to point B. Beyond point B the capital stock starts to
fall again. As debt starts to accumulate during transition, the MKR shifts down and meets the
stable trajectory at point C, after which consumption falls along with the capital stock towards the
new equilibrium at point E

An interesting implication of a debt-financed boost in government consumption is thus that
adjustment may be non-monotonic. The general expressions for the transition path of consumption

and the capital stock are given by:

~ ~ ~ &t fh'tD
G, - [COe ™ + [CE)]g(1-e ) %%@%% (A8
o SO

€t h
K@), = (1-e™[K()], + Q ey (A.9)

where Q, and Q, are positive constant§,[C(0)],, [€(x)]s and K(«)]s are given above, and the

term in square brackets on the right-hand side of (A.8)-(A.9) is a non-negative bell-shaped
(temporary) transition term. This term is zero fs0 and ast— . Equations (A.8)-(A.9) confirm

what the heuristic derivation in Figure A.1 already suggested: adjustment in consumption and the
capital stock need not be monotonic. The capital stock may overshoot its new steady-state level,

especially if the time profile of the debt path is flaf;(low). Similarly, consumption may rise
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(following the initial decline) during part of the transition period, before falling again.

The intuition behind the impact results is straightforward. Since lump-sum taxes under
bond financing are initially lower than under pure lump-sum financing, finitely-lived agents
anticipate that they may not live long enough to face the higher taxes later. As a result, they feel
wealthier than under pure lump-sum financing, and cut back consumption to a lesser degree. This
explains why the increases in investment and labour supply are smaller than under pure lump-sum
taxation.

Our conclusions regarding the long-run effects on the capital stock and consumption thus
appear to contradict those obtained by Marini and Van der Ploeg (1988, p. 783). They however
adopt a stabilisation rule for debt which makes lump-sum taxes negatively dependent on the
change in debt. This means that debt is reduced, rather than increased, in the long run in order to
make room for the additional government consumption. In our model this stabilisation rule would
actually imply that the government engages in surplus rather than deficit financing throughout the

transition period.

A.2. Temporary and anticipated fiscal policy

One of the main themes in the study of fiscal policy is the difference between the effects
of temporary and permanent policy. Baxter and King employ numerical methods to study to what
extent the impact output multiplier depends on the duration that the fiscal policy impulse is in
operation (1993, p. 315). In this section it is demonstrated that the method of Laplace transforms,
pioneered in the context of perfect foresight models by Judd (1982), can be used to study this issue
analytically. In the interest of brevity we only consider the impact effect on output under lump-sum
tax financing, although we do allow for anticipation effects.

The shock to government spending is assumed to be positive in the time intetggl,
wheret, is the implementation time.=t+¢ is the end time (so that is the duration of the fiscal
impulse), and the announcement time of the shock=48. This specification nests the four most
commonly used shocks: there are anticipation effects@f, the impulse is temporary & is finite,

and it is permanent i€ . The Laplace transform of the shock to the IS curve is given by:

to1-e %% @5, (A.10)
S W

00

Ly, (1),5 = vi(t)eS‘dt -

DDQD

where the Laplace transfor@fl y{t),s} can thus be interpreted as the present valug, ) usings
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as the discounting factor. It is shown in Heijdra (1997) that the impact output multiplier is in that
case fully characterized by the Laplace transform of the shock evaluated at the unstable

characteristic root":

O [l
av(©) _ Ho-Dr *[ra+(r+6)(1cp)]@t.r~[lesr~] o (A.11)
dG E r(@+w.-1) g

The term in square brackets on the right-hand side of (A.11) is the positive short-run output
multiplier under lump-sum tax financing for the permanent unanticipated shock, which is denoted
by [dY(0)/dG],;. Equation (A.11) can be used to derive the duration and anticipation effects on the

impact multiplier:

0 YO)O_ YO) . it
—_ = -r e |l-e < 0, A.12
 fdc § fdo g 1-e] (A.12)
a EUY(O)D_ *mY(O)D ~(t, +e)r-
9 O S YO oo 5 g A.13
%kC£dG § £dG g A13)

Equation (A.12) shows that the impact multiplier declines as the implementation time lies further
into the future. Agents have more time over which to spread out the anticipated additional tax
burden, and as a result the impact effect on output (and labour supply) is smaller. Furthermore,
equation (A.13) says that the longer the duration of the shock, the larger is the impact multiplier.
We thus confirmanalytically the numerical results reported by Baxter and King (1993, pp. 324-
326).
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Table 1: Short-run version of the model

K() = I(t) - 8K(t) (T1.1)

€ = [r® -alC(t) - Be(a+B)K(® +B) (11.2)

B(t) = r®B(®) + GO - T(1) - t(1)Y(1) (T1.3)

WOL() = & [1-t,0] YO (T1.4)

() +8|K(®) = (1-g)[1-t,()]Y® (T1.5)

Y(t) = C@®) + I(t) + G(t) (T1.6)

L) - 1 - _(18_:5\)/(3(0 (T1.7)

Y(t) - %i\_l;\g\l(t)” - QLM K@E" = %%ﬂ él;%g o (T1.8)
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Definitions

€L WLULY.
W, rK/Y.
Wg GlY.
We CIY.

W I7Y.
w, (DL
[ TIY.

ty

n

Table 2: Log-linearized version of the model

Ky = 8li) - Ke)
&) = (r-a)€n) + i) - (-a)[R(t) + (L) B

. N O

WG + B(t) = r *Bt) + oo, T + @-t)B(0) + H
0
L) = Y1) - W) - T

Rty = Y) - B_HO - 0
0+00
Y1) = 0.C) + wit) + w,G(1)
L) = o, W) - C)]

Y0 = nR = nle L@ + @-g)KO)]

Share of before tax wage income in real output.

(T2.1)

(T2.2)

(T2.3)

(T2.4)

(T2.5)

(T2.6)

(T2.7)

(T2.8)

Share of income from financial assets in real outpuirw-+w;-(1-t,)g, and

W =(1€)(14)-0 = wutt(1-g)=14,-03>0.

Share of government spending in real output.

Share of private consumption in real output

Share of investment spending in real outpug+uw+ws=1.
Ratio between leisure and labour.

Share of lump-sum taxes in real outpu,=w;+t,.
Proportional tax rate on output levied on firms
Diversity effect.



Table 3. Fiscal policy multipliers

(a) The effect of diversity and intertemporal substitution in labour supply

0,=0.01 | w,=0.5 0w, =1 W, =2 W, =5
Parameter valuesa=0.03,3=0, 6=0.07,€,=0.7, wz=0.2,

t,=0
n=1 dY(0)/dG 0.012 0.406 0.626 0.867 1.148
dY(e0)/dG 0.017 0.508 0.725 0.922 1.101
h 0.104 0.127 0.143 0.164 0.191
n=1.1 | dY(0)/dG 0.013 0.446 0.689 0.961 1.288
dY(c0)/dG 0.019 0.575 0.815 1.031 1.225
h 0.097 0.121 0.139 0.161 0.194
n=1.3 | dY(0)/dG 0.015 0.526 0.815 1.149 1.589
dY(c0)/dG 0.025 0.721 1.009 1.261 1.482
h' 0.084 0.110 0.129 0.156 0.200
n=1.5 | dY(0)/dG 0.018 0.602 0.936 1.337 1.933
dY(e0)/dG 0.032 0.887 1.222 1.507 1.752
h 0.072 0.098 0.119 0.149 0.209

(b) The effect of diversity and output tax financing

t,=0 t,=0.05 t,=0.1 t,=0.2 t,=0.3
Parameter valuesa=0.03,3=0, 6=0.07,€,=0.7, wz=0.2,

W =2
n=1 dY(0)/dG -0.097 | -0.146 -0.203 -0.353 -0.584
dY(c0)/dG -0.165 | -0.239 -0.331 -0.600 -1.131
h 0.164 0.164 0.164 0.159 0.144
n=1.1 | dY(0)/dG -0.104 | -0.158 -0.222 -0.390 -0.648
dY(c0)/dG -0.185 | -0.270 -0.376 -0.702 -1.402
h' 0.161 0.161 0.159 0.151 0.130
n=1.3 | dY(0)/dG -0.118 | -0.181 -0.255 -0.452 -0.739
dY(e0)/dG -0.226 | -0.335 -0.477 -0.951 -2.224
h 0.156 0.153 0.149 0.133 0.094
n=1.5 | dY(0)/dG -0.127 | -0.197 -0.279 -0.488 -0.751
dY(e0)/dG -0.270 | -0.408 -0.594 -1.286 -3.778
h 0.149 0.144 0.137 0.110 0.057

* The model is unstable for this combination §fandn asA,-« andh' -0 asn-1.5.
The figures reported refer to the casernpfl.49 in which case the model is stable.
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(c) The effect of the birth rate and intertemporal substitution in labour supply

w, =0 w,=0.5 w, =1 W, =2 W, =5
Parameter valuesa=0.03,0=0.07,¢,=0.7, wg=0.2,
n=1.3,t,=0
f=0.01 | dY(0)/dG 0.000 0.520 0.809 1.145 1.586
dY(e0)/dG -0.020 0.706 0.998 1.253 1.479
h 0.086 0.112 0.131 | 0.157 | 0.200
=0.05 | dY(0)/dG 0.000 0.484 0.769 1.109 1.564
dY(c0)/dG -0.127 0.612 0.920 1.197 1.448
h 0.100 0.126 0.144 | 0.168 | 0.208
=0.10 | dY(0)/dG 0.000 0.441 0.714 1.051 1.520
dY(c0)/dG -0.222 0.506 0.818 1.109 1.390
h' 0.124 0.152 0.170 | 0.192 | 0.226
=0.50 | dY(0)/dG 0.000 0.342 0.562 | 0.845 1.270
dY(e0)/dG -0.380 0.291 0.576 | 0.840 1.105
h 0.347 0.410 0.442 0.470 0.479
(d) The effect of diversity and the birth rate
f=0.01 =0.05 f=0.1 B=0.5 =1
Parameter valuesa=0.03,56=0.07,¢,=0.7, ws=0.2, w, =2,
t,=0
n=1 dY(0)/dG 0.863 0.830 0.776 0.597 0.554
dY(c0)/dG 0.916 0.871 0.802 0.596 0.553
h 0.165 0.176 0.199 0.467 0.826
n=1.1 | dY(0)/dG 0.956 0.922 0.866 0.675 0.629
dY(c0)/dG 1.024 0.976 0.900 0.673 0.625
h' 0.162 0.173 0.197 0.468 0.830
n=1.3 | dY(0)/dG 1.145 1.109 1.051 0.845 0.793
dY(e0)/dG 1.253 1.197 1.109 0.840 0.783
h 0.157 0.168 0.192 0.470 0.840
n=1.5 | dY(0)/dG 1.332 1.300 1.244 1.037 0.982
dY(e0)/dG 1.499 1.435 1.336 1.027 0.959
h 0.151 0.162 0.187 0.472 0.852




Footnotes

1.

10.

11.

A dot above a variable designates the derivative with respect to time, e.g.
A(v,T)=dA(v,T)/dt. Heijdra (1997) contains all derivations for the present paper, and is
available from the author upon request.

We use the fact thaC(t)=e.(a+B)[A(t)+H(t)] and C(t,t)=e.(a+B)H(t) in the second step,
where H(t) is ‘full' human wealth. i.e. the after-tax value of the household’'s time
endowment:

00

0 0
H(t) = J[W(n - T(t)Jexp% {r(s) +BJasiér.
O

This approach was suggested by Ethier (1982, p. 391) and has been used by Hornstein
(1993), Farmer (1993, p. 129), Bénassy (1996a-b), and Devereux et al. (1996a-b). This
approach has some notational advantages but otherwise yields a model of production that is
isomorphic to the model discussed in Heijdra (1994) and Heijdra and Van der Ploeg (1996)
provided a common diversity effect is imposed in the various aggregator functions and the
variety substitution elasticities are the same.

Our specification (2.6) is more general than the one used by Hornstein (1993) and
Devereux et al. (1996b) in that the diversity and price-elasticity effects are parameterized
separately. Ethier (1982), Heijdra (1994), Heijdra and Van der Ploeg (1996), Devereux et
al. (1996a), and Bénassy (1996a-b) also explicitly distinguish the two conceptually
different effects.

The output tax is equivalent to a uniform tax on labour and capital income. See Baxter and
King (1993, p. 318) and below.

Foreshadowing the discussion on short-run output multipliers somewhat, equation (T1.8)
shows clearly that, as capital is predetermined, output effects occur at impact only if there
is a labour supply response.

Interestingly, his analysis suggests a close relationship between the markup and the
diversity effect, which in our notation amounts tp=(u+1)/2. See also Bénassy (1996b)
and Chatterjee and Cooper (1993, p. 7). Bénassy (1996a, p. 46) suggests that in the
working paper version of Dixit and Stiglitz (1977) the diversity and price-elasticity effects
were actually parameterised separately, as in (2.6).

Note that our stability discussion generalizes the remarks by Devereux et al. (1996, p.
242).

From the information on steady-state shares it is clear that(1-€)(1-t,)-w, where
w,=rK/Y>0 is the gross income share of capital. Hence, we can derive rifpdt-c, )-
w=(t,+Ne-1)(1< )+w,>0 sincen=1, t,=0, and@>1.

These case arg=1, 1<p<@, g=¢, and ¢>¢. Saddle point stability ensures that the IS curve
is steeper than the MKR curve. The second case is drawn in Figure 1.

After this paper was completed | became aware of Devereux et al. (1996b, p. 244) who
compute long-run elasticities of employment, the capital stock, output, the real wage, and
consumption with respect to the outphare of government consumption. It can be shown
that their equations (28)-(32) and my expressions (4.6)-(4.9) are in fact equivalent.
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12.

13.

14.

15.

16.

Note that (4.4) and the second expression in (4.6) im@ly=(h'/5)K (), which represents

a simple analytical expression for the accelerator mechanism alluded to by Baxter and King
(1993, p. 321). The same relationship betwé@) and K(«) holds for (4.24)-(4.25) and
(5.3)-(5.4) below.

If only labour is used in productios,=1, and the wage unambiguously rises. See Heijdra
and Van der Ploeg (1996, pp. 1290-92).

Only if the diversity effect is strong€ >1) and the wealth effect in labour supply is large
enough to render the output effect positiv§0)>0), is it possible that the wage rises at
impact. Note that under perfect competitioyr() the wage must fall at impact.

¢ {x,s} is the Laplace transformation oft) evaluated as:

00

9fx,s} = lx(t)es‘dt.
Intuitively, L{x,s} represents the present value x¢f) usings as the discount factor.
Q. and Q. are defined as follows:

_ 5(f*0()(<P+wc*1)|§(°°)>0 O = (f*0()[(5/009('1(0(1*%)*w.)+ET]E~5(°°)>

. Q. 0.
0,0 +E) rE)w,

K
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Figure 1. Fiscal policy under lump-sum taxation: Endogenous
labour supply and infinite lives
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Figure 3. Fiscal policy under output taxation




Figure 2. The markets for capital and labour

Panel (a): The rental market for capital
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Figure 4. Fiscal policy under lump-sum taxation: Exogenous
labour supply and finite lives

Figure A.1. Fiscal policy under bond financing
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