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Abstract

This paper constructs a general equilibrium model with monopolistically competitive
firms and endogenous markups where government spending consists of both consumption
and investment goods. It is shown that when markups are countercyclical, an increase in the
share of investment goods in total public expenditure, raises output, employment, and capital
stock in the long-run leading to increases in welfare and productivity. However, this also
raises the short run cyclical variability of the economy. In particular, variance of output and
employment arising from technological and aggregate demand shocks increase as the long
run share of government investment goes up implying a trade-off between greater long-run
efficiency and higher short-run volatility.

“The views expressed are those of the authors and do not necessarily represent those of the Fund. An earlier

version of the paper was issued a$Varking Paper of the International Monetary Fund No. WP/97/18is
available at www.imf.org.
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1. Introduction

Since the mid-1980s, many of the OECD countries have undertaken significant budgetary changes.
Much of the subsequent analyses on the implications of these changes have focussed primarily
on the effects of reducing the levels of overall expenditure fiscal deficits. However, along with
reductions in overall spending and fiscal deficits, in many of these countries the composition
of government spending has also undergone substantial changes. In particular, over the last ten
years or so, except in Japan, governments have generally shifted away from investment spend-
ing. While the shift has been most dramatic in the smaller OECD countries such as Australia,
Ireland, and New Zealand, among many of the larger countries, such as France, Germany, and
the United States, the compositional change has also been quite pronounced (see Figure 1). This
paper focuses on the effects of compositional changes in government expenditure and shows how
changes in the relative shares of public consumption and investment goods can affect both the
long run efficiency as well as short run fluctuations of an economy even when public spending is
assumed to be unproductive.

Using a model with horizontally differentiated goods and monopolistic competition we find
that when markups are countercyclical, a reduction in the share of investment goods in total public
expenditure, lowers output, employment, and capital stock in the steady state. While this leads to
declines in welfare and productivity in the long run, it also lowers the short run cyclical variability
of the economy. In particular, variance of output and employment arising from technological
and aggregate demand shocks fall as the long run share of government investment goes down.
Quantitative estimates using the model calibrated, to the postwar U.S. and other selected OECD
countries, show that the effects of changing the composition of public spending can be quite
significant. These effects are, however, reversed if markups are procyclical.

The link between the composition of public expenditure and growth has been the focus of
endogenous growth models such as those of Barro (1990) and Devarajan et. al (1996), where a
part or all of government expenditure is assumed to be directly productive. Some authors have
also explored the impact of aggregate government purchases on short run output and employment
when public spending is not directly productive. In perfectly competitive economies, an increase
in government spending raises households’ willingness to supply more labor in response to the
corresponding fall in wealth arising from financing additional government spending and through
an increase in real interest rate induced by the higher government outlay (see, for example, Aiya-
gari et. al (1989) and the references therein). In a model of oligopolistic price setting, Rotemberg
and Woodford (1992) showed that higher government spending can result in increased output and
employment without any shift in households’ consumption-leisure choices. However, these stud-
ies have concentrated on the effect of aggregate public spending rather than on its composition.

The economy we consider is one where final goods have two different end uses — consump-
tion and investment. Under the assumption that firms cannot discriminate between the two sets
of buyers, the price elasticity of aggregate demand is given by the average of the elasticities of
consumption and investment, weighted by the shares of the two end uses in total demand. This
implies that the composition of aggregate demand will determine the final price elasticity faced
by the producers of the commaodity. In a world where firms have some market power, the markup
charged by a firm over its marginal cost is then determined by this average elasticity. Conse-
guently, whenever the composition of the demand changes between the two end uses so does the
elasticity and in turn the markup. Since decisions regarding the use of different inputs by firms
depend on the markup, i.e., in equilibrivdPK; = r¢, whereMPK; is the marginal product
of capital,r; its rental price, angly the markup, andPL; = pw, whereMPL; is the marginal
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product of labor aney the real wage rate, changes in the composition of aggregate output affect
both investment and employment in the economy.

The model is based on a framework originally developed by Gali (1994). Goods are horizon-
tally differentiated with each good being produced by a single firm in a monopolistic market The
price elasticity of demand for each good is different for households — who use it for consump-
tion, and firms — who use it for investment. In this environment, we show that the government
can affect the efficiency and cyclical behavior of the economy by changing composition of ag-
gregate demand by altering the composition of its own purchases. In order to isolate the effect of
compositional changes in public expenditure on the economy, we assume throughout the analysis
that government purchases neither enter households’ utility nor the production process.

When markups are countercyclical, which is a largely accepted feature of the U.S. and OECD
economies (Woodford and Rotemberg (1990), Bils (1987), Martins et. al (1996)), decreasing the
share of public investment while keeping government expenditure unchanged, reduces output,
employment, capital stock, and welfare in the steady state. In this model, for markups to be
countercyclical, the price elasticity of investment needs to be larger than that of consumption.
When this happens, an decrease in the share of investment lower the average elasticity, raises
markups charged by profit maximizing firms, leading to lower output, employment, investment,
and finally welfare. Moreover, the rise in the markup pushes the economy farther away from the
perfectly competitive equilibrium such that there are efficiency losses, in terms of both labor and
total factor productivity. However, if the elasticity of investment is lower than that of consumption
so that markups become procyclical, decreasing the share of public investment has the opposite
effect.

Although, when the price elasticity of investment is larger than that of consumption, de-
creases in steady state public investment lowers steady state output and welfare by increasing
the markup, the reduction in elasticity which leads to the rise in the markup, also makes the ag-
gregate demand less elastic. Consequently, both exogenous demand and supply shocks lead to
a lower adjustment in quantity rather than prices, so that output and employment variability are
also reduced. Consequently, as the economy is moved farther away from the perfectly competi-
tive allocation, the cyclical variability is lowered. With lower cyclical variations, depending on
the level of risk aversion, the increase in welfare can overcompensate the losses in welfare aris-
ing from the lower efficiency so that decreases in public investment can increase overall welfare.
Thus, changes in the long run composition of public expenditure entail a trade-off between lower
long run efficiency and lesser short run volatility.

The mechanism by which shocks affect markups in this model differs significantly from the
processes relied upon in Basu (1995) and Rotemberg and Woodford (1992). In Basu, each pro-
ducer faces a state dependent “menu cost” for changing prices. This generates price rigidity
over some range of aggregate shocks such that markups become countercyclical. Rotemberg
and Woodford, uses a structure based on Rotemberg and Saloner (1986) where firms within an
oligopoly collude to keep prices above marginal cost with the collusion being supported by the
threat to revert to the competitive price in future in response to any deviation. An exogenous
increase in demand raises the gains from undercutting the industry set price. To prevent a break-
down of the collusion, the industry reverts to a lower price and hence to a lower markup. In
contrast to these mechanisms, in our model, all prices are flexible and there is no collusion.
The importance of markup variations in understanding business cycle fluctuations dates back to
Kalecki (1939) and Keynes (1938). And in this paper, we add to this literature by showing how
permanent changes in the composition of public expenditure can affect the cyclical response of



the economy by changing the elasticity of aggregate demand. Although, Bils (1989) provides a
setup where the price elasticity changes in response to demand shocks, the paper does not make
a persuasive case as to why this can occur. In contrast, in our model this link is made explicit.

Among others, Hall (1988) and Evans (1992) have shown that empirically productivity shocks
can be correlated with variables, such as changes to government expenditure and monetary im-
pulses, although in principle these innovations should be orthogonal to the technology. We show
that, government expenditure shocks can be positively correlated to productivity (as in Basu
1995), measured as the standard Solow residual, when markups are countercyclical. As a result,
the standard measures of the Solow residual will tend to overestimate the contribution of techno-
logical shocks. It is also shown that when markups are countercyclical if the average elasticity
is sufficiently large, then increases in public investm@otvds inprivate investment. As public
investment is not used in production, the crowding in of private investment occurs because of
gains in efficiency, which increases the marginal revenue product of capital despite a fall in the
markup.

The original Gali (1994) framework was constructed to show how in the absence of exoge-
nous shocks, self-fulfilling revisions of expectations or sunspots can generate cyclical fluctuations
that are similar to those in real economies. Although this property of the model is retained in this
paper, we find that in light of the more recent evidence on econometric estimates of markups it is
difficult to justify sunspot equilibria to be reasonable mechanisms by which cyclical fluctuations
occur. In particular, when markups are procyclical, the existence of sunspots requires that, at the
steady state, the markup has to be larger thaReZent studies such as those by Domowitz et.
al (1988), Morrison (1990), and Martins et. al (1996) typically estimate markups to be less than
1.7.

The rest of the paper is organized as follows. Section Il presents the environment including
the assumptions made with respect to the behavior of government expenditure. Section III char-
acterizes the equilibrium while Section 1V discusses the properties of the steady state. In Section
V the long run effects of changing the composition of public spending is discussed. Issues in-
volving the plausibility of sunspot equilibria are discussed in section VI. Section VII shows the
effects of changing the composition of government expenditure on the economy when exogenous
demand and technological shocks are present. Section VIl concludes the paper.

2. The Model

2.1. Households

We assume that there is a large number of identical consumers denoted by, ...N whose
preferences are described by

Eotist (@) —v(i)]

whereE is the expectation operator at tirhe- 0 andp € [0, 1] is the discount factor. The utility

u(ct) derived by consumerat timet is given by




whereo > 0 andcl is the quantity of good consumed by att . This is a constant elasticity of
substitution utility function used previously in the literature on monopolistic competition (Spence
1976, Dixit and Stiglitz 1977). The disutility from workinghours is given by

Z L1+

v(I)) = 7 (<.

where( > 0. Normalizing each period wage to unity, denoting the total income of consumer
i prior to paying taxes agl and the lump-sum tax &aF', letting p? denote the price paid by
consumers for a unit of goaog] and using? as the consumer price index corresponding to the
composite consumption good purchased by the consumers which is defined as

the following are the consumption and labor supply functions (derived in the appendix)idf the
household:

d — (ﬁs)*o (ami) s=12.MVi=12.N

2.1)
i=p % vi=12.N

2.2. Firms

There areM firms, each producing a horizontally differentiated commodity indexed by
1,2,...M. Without loss of generality assume tixit= M. The technology to produce these goods

is identical across firms and requires both labor and capital with a Cobb-Douglas production
function given by

. A a /o 1-a
v=z() (1) (2.2)
with 0 < a < 1 and Whereytj, ktj, andltj, denote thejth firm’s output, capital stock and labor
input respectivelyz denotes the productivity shock and follows
Zy1=@z+e,

whereq” < 1, measures the persistence in the shockednslani.i.d. disturbance with mean
and a finite positive suppoje,e*]. Capital accumulation requires the use ohdltommodities
and the law of motion of capital is given by the following equation

Koy =(1-8)K + (i), 2.3)
where

n_

(i) = (%)_ LM (iﬂ,t)nTl] " (2.4)
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n > 0 and where € [0, 1] represents the rate of depreciation. Thus the capital stock of each
firm is increased by purchasing goods from the other firms that are mixed together (through
the same function for all firms) to produce a composite investment doigsl Basu (1995)
uses a technology that is similar in some respects. There output is produced using a constant

. N\ QO N 1—-a .
returns to scale technology in labor and intermediate goQis; (Lt‘) (Itj) , wherel! =

1
(fol Ilfi"pd k) e Howeverpwhich measures the elasticity of substitution among different goods

in production is also the same among the goods in consumption so that the price elasticities of
firms and households are identical. Consequently, in Basu the transmission mechanism by which
shocks filter through to firms is different from the process relied upon in this model.

If we denote, as above, by, h=1,2,...M, the price of goodh, the cost of the composite
investment good purchased at each period (i.e. the total investment expenditure of the firm) is
given byv{ = Zthl pthig]t. Implicitly, this framework requires that firms are not able to discrimi-
nate between types of buyers. When a buyer purchases one unit of the good sold by a firm, that
buyer can be a consumer purchasing a part of his consumption composite, a firm purchasing a
part of its investment composite, or the government buying either. We assume here that in none
of these cases can the firm discriminate and extract a different margin.

As generally followed in this literature, the firm’s decision problem is solved in two steps. In
the first step, for a given level of capital accumulated the firm solvest#tallocation problem
of choosing the optimal mix among commodities to produce the intermediate capital goods
and the number of labor hours and then in the second step, using this solutioretteamporal
problem of accumulating capital is addressed. This results in the following decision rules for the
firm:

o (T (v

il = (nt) (w) ,jh_1,2,...|v| 25
f(i}) = ‘r’l—tt

determine the optimal choice among tlanvestment goods where

(050" “

h=1
is the price index of the composite investment good.

My =

pl = W (2.7)
whereutj = —il is the mark-up{tj is the price elasticity of th¢th firm’s final product, and

&
. 1 _.1 yi Ia
| I-a _t
W =14 <kt1>

is the marginal cost. The optimal capital accumulation policy function, obtained by taking the
first order condition irk; .1 is given by

. 1
M 1| a -2 (v \""

= =BE—-— [ ——=% 7" ( T +(1=93)M¢yq (2.8)
R Ri1|1-a i,
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2.3. The Government

As discussed previously, we assume that the government collects lump sum taxes from consumers
for a total of Ty, with T; = ziN:thi. The government spends the entire amount on purchasing
consumption and investment goods i@.= T;. OnceT; is determined, the budget allocation is
carried out in a two step process. First, the overall sectoral expenditure limits are determined. We
denote them b9, G; for public investment an¢iL — 6; ) G; for public consumption, witl; € [0, 1].
Alternatively, the budget constraint of the government can be written as

3 picg < (1-8)Gy
(2.9)
> pthiSt < 8G
Two assumptions regarding the behavior of government purchases are made neg.-Fbst,
for all t, and second we assume that for any fixed amount earmarked for public consumption
(public investment), the government allocates the money among different goods exactly in the
same way as it would be done by the private sector. This would in effect occur if the aggregator
function for the government is a linear combinationugé}) and f(i!) i.e., the government’s
allocation problem is

n_

ﬁ+(1_w) (%)n_ll [z (Ig}t)”%l] =

h=1

o-1

3 ()%

> pcg < (160G

1
max wM I-c

subject to

> pthigt < 6Gt

where6; andG; is given and the weigh € [0, 1]. The following two equations are obtained
as the solution to the spending patterns of the goverriment

- (%S)_G(“—Hﬂ), s=1,2,..M

) hy —N 0
i — (%) (n—‘“jt) h=1,2..M
Finally, assume that government expenditure is stochastic in the sengg ﬂn% =(1-
®)g+ g1 + €, whereef has a finite suppofg—,g*] containingg and has an.i.d. distri-

bution. This constitutes the demand shock to the system as oppogedhah is the supply
shock.

G

(2.10)

3. Symmetric Market Equilibrium

The optimal decision rules derived in the previous two sections and the overall feasibility condi-
tions, and the price indices describe the market equilibrium. However, before proceeding further

LIn particular, note that if an overall budget constraint is only imposed i g¢g: + 3 p[higt < G, thenB; = w.
Note that the elasticities of government’s consumption goods and investment goods expenditures are the same
as for individual agents i.e., the elasticities arandn).



with the characterization of the equilibrium it is useful to discuss the aggregate demand faced by
firms. Note that the demand faced by the firmomprising of the demand by consumers, other
firms and the government is given by

= (1) “(5) ()" (1)
() () () (8

() (52 () ()
- (8) () () (5

As is evident from (14), i = 0, then aggregate demand is not affected at all by government
expenditure.

Now letA! denote the share of investment demand. Then the price elasticity thtiheod
is given by

=
~—
_|._
—
A=
~

g =@1-N)o+Nn (3.2)

The price elasticity! is a weighted sum of the consumers and investors elasticities. And
therefore, the markup will depend on the weigit, Furthermore, note that if the two elasticities
are the same thg = o, a constant.

Focusing our attention to only symmetric equilibria where all firms produce the same quantity
and use the same amount of inputs. Moreover, all consumers consume and save the same amount.
Furthermore, since firms cannot discriminate between consumers and investors price charged for
any particular commodity will be the same, regardless of its end use. As aPesuli;. With
the assumption of symmetry, all firm and household specific indices are dropped.

The demand for labor by firms can be writtenlas (Xt) ki where,x = % the output-
capital ratio. Using this and equation (11) one derive$?tes

R = (%)mkt% (3.3)

The real wage in the economy is then given by

wol
‘"R
Replacing (16) in (8) provides a closed form expression for the output-capital ratio
H4¢  ((1-o) _ (1-a) {(1-0)
X = Az Tk T A= (1—a) (3.4)

Using (17) one can subsequently derive

4 ={(1-0) o(1+])

— AXZ[:H—GZIJt 1+a( ktl+(xl (3'5)

=¢ _al_ z
I = Az 1+aZ 1+ch 1+ch7 A = (1—0)“ Z

(3.6)



Note that both output and labor are functions of capital ste@ndA;. One can use (18) to
find solutions for consumptiom;, and investment;. However\; is an endogenous variable and
needs to be solved. We next turn out attention to solvingfofo do so, consider equation (11).
Under the assumption thBt= Ny, (10.6) becomes

1 _.1 T4 1
p—|—6: Etﬁ [%Z[—I—ll_a (K:_i) ] p= E -1 (37)

Using the fact that at periad k; 1 is known the above can be written as

1+al
1+ 1-a 1+al
B Zy1 1+al _ a 1-a W\
1 =A (Et |:<“t+1) ]) A= <p+6> (-9) 59

Note thaty , , is a function ofA; 1. Therefore, ifA; 1 is perceived to increase apd.) # 0, then

private investors will increase or decredse;. If, for exampley (.) < 0, thenk; 1 will increase.
However, this will imply thai\; will also rise. The law of motion of capital is given K2.3)

ki+1=[(1—0) + (At — Bgt)x] ke (3.9)
Rearranging the above yields,

(At—egt)xtz%—(l—é)

equivalently,

(A — Bg)x = % (Et

1+al
147 T-a
{(i——l—:) 1+al}) —(1—5) (3.10)

Using the derived first order conditions a symmetric market equilibrium for this economy can be
defined as:

Given{kp, 2y}, a sequence dfz,q: }, and government policy described {8 t; }, asymmetric
equilibrium for this economy is a sequeneg, ¢, lt, ki1 1, At, 4, R} such that:

¢ _¢l-a) _ (1-q)

(1) X = sztlwcut 1+ag k{_ JENY

1+q  g(1-a) a(1+g)
(2) yt _ sztl+ac 1+0¢ k{1+cxc

S S aq

(3) le=AZ P Tk T

— 1

@ R=(%) Tk
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(7) & = (1—=A)o+Ain

_ Y
8 =y

9) (At—Bgi)x =2 — (1-3)

ammﬂzw<akﬁﬂﬁﬂ>m

1) g=1

4. Steady State and Long Run Policy

Conditions(1) — (11) completely characterize the competitive equilibrium. The only intertem-
poral equations are (9)-(11). Assuming that Tt andz andg are the mean values af andg;

and lettingy = 6g, in adeterministic steady state.,z = zandg; = g, the steady state values
of capital, share of investment, and mark-up are given by

A—Q)u= 05 4.1)

1\ o
K= AZis (ﬁ) 4.2)

_ (n —0)7T+0
“‘(m—o»—a—oQ @3

Note that from(4.3) it follows that wheng—;1 > 0 as long a®w > p. WhenA = (), theRHS

of (4.1) is 0 and monotonically increasingaf > p. Therefore, as long a§+% <(1-uw) (%)

there will exist some & A < 1 for which(4.1) is satisfied and a steady state exists. In particular,
given the monotonicity ofA — Y)u the steady state will also be unique. Howeveg i p then

g-;\‘ < 0 and in which case multiple steady states can exist (Gali, 1994).
From(4.2) it follows that whenuis high,k is low. Since steady state output is given by

4 —C(1-0)_ a(1+Q)
y= AXZHO(ZE 1+ad k H+al

a fall in the steady state markup unambiguously increases steady state output. Similarly, when
the markup falls both employment,

_ 4 - _ ag
| = Ajzitadpltalkltal
and labor productivity,

>7 1 __ _«
T constx zl-a p 1-a

also increase.
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Recall thaty, = zkI1~% or equivalently, Iy = Inz + alnk 4+ (1—a)Inl. One method
of computing total factor productivityl FP, is to defineTFR = Iny; — alnk — (1—a)Inl;.
In particular, this formulation has been used to derive the contribution of productivity ghock
in growth and cyclical variability. In computing the total factor productivity, following Solow
(1957), researchers have used the share of labor income in national income to appr@kimate
a). In the presence of perfect competition the share of labor income approxifhates) quite
well. However, under imperfect competition i.g> 1, the share of labor income 5% and that

of capital%. If these shares are used to compute productivity then

OTFP _dlny (g) dink (1—0() olnl
op op u/ ou H op

It turns out that

oTFP . N
T Q(1-a) +a(1+Z))<1 “) (4.4)

Forp> 1, %’ < O rather than 0 ifx, the true labor elasticity, was used. Consequently, if the
steady state markup increases, not only does output increase as shown before but also total factor
productivity. This, however, should not be surprising. The presence of the markup causes the
equilibrium to be suboptimal in the first place so that when the markup falls there are efficiency
gains reflected in the increase in total factor productivity. But, more importantly, it also implies
that factors that can change the markup, such as changes in government expenditure (of a per-
manent kind for the steady state analysis) will be correlated with the Solow residual, i.e., the

measured factor productivity. In particular, since- (1— %) , Wwhere§ = (n—o)A+o, if A

increases ang — o > 0, thenp falls as a higher elasticity implies a lower markup as predicted
by standard microeconomic theory. rjf— o < 0 the opposite holds true. We summarize these
findings in the following proposition.

Proposition 4.1. A decrease in the steady state markup is associated with higher steady state
levels of capital stock, employment and output and also higher labor and total factor produc-
tivity. Moreover, if(n — o) is positive(negative) then the share of investment in output is posi-
tively(negatively) correlated with total factor productivity in the long run.

4.1. Public Expenditure Policy — The Long Run Effects

Proposition 1 makes it clear that changes in the equilibrium markup can have important conse-
guences for the economy in general. In this section we look at a particular way of changing the
markup, namely by altering the share of public investm@ntJo see how government policies
reflected in the composition of public expenditure can affect the markup of producers consider the
expression for the weighted elasticiy= (1—A¢)o+An. Denote byAP, the share of investment

in total private spending, then = (1—g)AP +6yg: and

& =M-0)[(1-g)\+6)] +0
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Government expenditure;, by itself can only have a second-order effect on the elasticity since

if 6 = 0 then&, = (n—o0) (1— g )N\’ + o andg can have an effect only XP changes, i.e., if
changes in government spending affects the way private agents allocate their income between
consumption and investment. In this model since investment is determined by firms, who care
only for the overall breakdown between investment and consumption, and not who the end-users
are ( by assumption all end-users for the same functional purposes have the same elasticity)
changes irg; will be completely offset by changes M such that(1 — g;)AP remains constant.

If in contrast, households decided on the level of investment Aflemould probably not move
enough to completely offset the changeginsuch that(1 — g;)AP would change leading to a
change in the elasticity. In particular it would depend on how government expenditure changes
both disposable income of households and the interest rate in the economy and the reaction of
private investment to such changes. Howeve8; # 0 then changes in both andg: matter

in equilibrium. Wheng; or 6; is altered, the overall composition of output changes causing the
elasticity to change which in turn Ieads to a change in the markup.

In the steady stat(ezx Y)p= p+5 andu= (%) . Substituting the second equation

A A
in the first we havé\ — ) (%) a0 0. Slncem(”);\’—;{cc £0for0<A<1
andn > 0, the steady state relatlonship betwaeand can be expressed as= ().

Lemma4 2.1f n < othenO < < 1 OtherW|se,dllJ >1if §&E—1) > (A—y)(n—o) and
<O0ifg(€-1) <(A-w)(n— 0)-

Proof. Follows directly from differentiating f (W) — g) (Mﬁ”&?g&g”j)&fo)) p+6 =0.m
From the above lemma it follows that whgn< o, if public investment increases, although share

of total investment goes up %G‘J > 0 — the increase is less than the amount by which public
investment is raised %@, < 1. This implies that the share of private investment must fall. Since

A increases whet is raised and) — o < 0, it follows from& = (n — o)A+ o0 andu= (1— %)

that the markup also increases. Witlbeing raised steady state output falls (Proposition 1) so

that not only does the share of private investment decrease but also its level. Permanent increases
in public investment, in this caserowds outprivate investment. However, if —o > 0 and

the price elasticity of aggregate demand is sufficiently high, &€& — 1) > (A —@)(n — o),

not only does the share of total investment increase but also induces an increase in the share of
private investment—% > 1. Given thaf) — o > 0, the steady state markup falls and output also
increases (again due to Proposition 1) so that the level of private investment also increases. In
contrast to the previous case, public investreatvds inprivate investment. Since increasing

0 or g while keeping the other unchanged in equivalent to increagimge have the following
proposition.

Proposition 4.3. If 8 is increased keeping g constant or g is increased keepicmnstant and if
n—o>0and&(&—1) > (A—y)(n—o0) then the steady state levels of output, private investment,
and employment are increased along with labor productivity and total factor productivity. The
opposite occurs iff —o < 0.

Proof. Follows from proposition 1 and lemmamM.
The long run effects of changing government expenditure and its composition depend on
whether investor elasticity is larger than consumer elasticity and the weighted average of the two
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elasticities — the elasticity of aggregate demand. As we argue later in the paper, it is more likely
thatn — o > O for the post war U.S. and other OECD economies. In which case, increasing
the share of investment in government expenditure does in fact increase output, employment and
productivity. The same effects are also obtained if the share of government spending is increased
keeping its composition unchanged. To ascertain the short run effects we need to compute the
temporal equilibria of the economy. However, given the nature of the environment closed form
solutions cannot be obtained. To get around the problem, we construct a linear approximation
to the equilibria and study the short run impact of government spending using the approximate
solution.

5. Sunspot Equilibria

In a recent paper, Gali (1994) used this environment to show how equilibria that are driven by
self-fulfilling revisions of expectations can generate time series with properties that are similar to
those observed in U.S. postwar business cycles. The belief that sunspot equilibria can generate
empirically reasonable time series properties have been shared by others such as Farmer and
Guo (1994) and Woodford (1991) among others. However, unlike in Gali, the other models rely
on some form of increasing returns or externalities to deliver the sunspot equilibria. Although
Gali's approach is appealing since it eliminates the need to rely on exogenous shocks to generate
cycles, we find that for the U.S. postwar economy it is not a plausible mechanism to use in
studying cyclical fluctuations.

5.1. Existence of sunspots

To see how sunspot equilibria may be generated in this economy and why they are not plausible
we turn our attention to studying the model’s cyclical behavior. First, equilibrium conditions
(1),(6),(9), and(10) are linearized around the steady state, implicitly giver{4y) and(4.2)

to obtain approximate closed form solutions. et {A,k,z} denote the steady state of the
system. The linearized equations are

X = a1 — apfy — a3IA<t (5.1)

B = bik (5.2)

A= Sk - —k— 2R+ oo (5.3
t = o +1 o1 ClXt 20t .

ki1 =diE (21— ] (5.4)

where the coefficients are the partial derivatives evaluated at their steady state sakidse(
appendix for details By using(5.1) , (5.2) , (5.3), (5.4) becomes

ko1 = Et [€12t11+ €2k 2+ €30114] (5.5)

Now supposge; |> 1. Consider first the perfect foresight equilibrium iz, ;= 0 andg; = 0
Vt =0,...c0. The first equation in this systemks = e;k,. Consequently, there is no restriction on
ki imposed by the initial capital stodf i.e., the system of equatiorlg, ; = ek, 2 Vt =0, ...c0,
are unrestricted by the initial stock of capital. There is an unique steady state giﬁgq_ byO
vt = 0,...0. Moreover, the perfect foresight equilibrium is stable. Any sequenckaf; }
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starting from an arbitrari, will converge to the steady steﬁarl = 0. Sinceky does not restrict

the choice ofk;, there is an indeterminate number of perfect foresight equilibria. However,
of these equilibria there is one that is stationary namflty,;} = 0 Vt = 0, ...c0 which is the
steady state equilibrium. But this is not the only stationary equilibrium. Around a sufficiently
small neighborhood of the steady state there may be more than one such equilibria (Woodford
1991, Gali 1994). To see why the steady state is not the only stationary equilibrium note that
Et [KH — ezf<¢+2] = 0 is the version of5.5) when there is no intrinsic uncertaintgf (= 0 and

gt = 0) which is the optimal capital accumulation rule followed by investors. Lagged one period,

the rule is given byg;_q (I?Hl— ék) = 0. Now suppose investors’ believe that investment
follows I?Hl = éﬁt + &, where the random variabk is a realization of an.i.d. probability
distribution withE;_15 = 0 and described over a closed supparb] containing the steady state.
Although this rule still implies tha;_; (Rt+1 — ik) = 0 which is consistent with the optimal

policy (5.5), the extrinsic uncertainty can generate investment paths that depend soIer on it.
If | & |< 1 then the solution tkt+1 = 1k kt+s{ IS given bykt+1 =EJj-0(& ) S+ Vt=1,.

As Es.j =0, ki=0Vt=1..0is the unique stationary solution. But|i&, |> 1, then the

solution is j
A 1
k[+1: (—) S—j Vt=0,...0 (5.6)
J'Z) €2

with k; = 559 and the equilibrium path of capital stock is determined entirely by current and past
realizations of the sunspot variabxjé. However, if agents do not believe that the sunspot matters
for the capital stock i.ek; 1 # ékt +& butk. 1 = ékt, then the only stationary equilibrium
possible is the one whelféd, 1} =0Vt =0,....c0.

Since the existence of sunspots depend on the parameter next provide its characteriza-
tion.

( a) A )1 4
i 1+ () el >
Proof. See appendil
While the theoretical possibility of sunspots existing have been established it still remains to
be shown whether empirically such equilibria should be considered seriously. To this end, in the
next section we use a suitably parameterized economy to provide the answer.

5.2. The Likelihood of Sunspots

In this section, parameters of the model are calibrated to be compatible with the post-war U.S.
economy using long-run and micro-level data and econometric studies. Following, Kydland

3The reason why such sunspot equilibria can exist is identical to that in Woodford (1991). Without loss of
generality assume that in peribdhe realization of the sunspot is a positse Furthermore, suppose all investors

believe that the choice dhz will follow the rule h+2 =3i- o( ) S_j+1. Then the positive realization &f

increases the expected vaIueEaK+2. However, this also implies that investmenttist 1 will need to be higher
such that Y1 will be increased. In order to support a higher equilibrium outpuitiirl investors will then, as an
optimal response, increase their desired capltal stock in p'erledktH Consequently, the seemingly inconsistent
behavior okal = —kt + § instead oﬂ<(+1 = —kt — as determined by the fundamentals of the environment — is
justified.

4This lemma is identical to the result in Gali (1994) except that it is modified to inajude
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and Prescott (1990) sat= 0.21, the share of investment in aggregate output. Depending on
whether investment in defense equipment is inclugied 0.023 or Q03. The depreciation rate

is set atd = 0.016 per quarter such that the steady state capital-output ratio is around 10. This
depreciation rate is different from@5 which is normally used approximating an annual rate

of 10 percent. Using the average risk-free interest rate per quarter in the postwar U.S. economy
p=0.01 orp = 0.99. Typically, equilibrium business cycle models assume extremely large labor
supply elasticities. However, estimated elasticities have been in general very low (close to zero
for adult white males) and have rarely been over 2 (Killingsworth and Heckman 1986). In this
model¢ = 1. This leaves behind unresolved the valuesyar,n ando. Note that the steady

state conditionA — Y)p= p% implies that for any value offi there is an uniquel consistent

with it.

Using industry data, Hall (1987, 1989) estimageaf over 18 for all the one-digit industries.
Subsequent work by Domowitz, Hubbard and Petersen (1988) and Morrison (1990) have shown
that estimates of markups that range fror tb 1.7 are more reasonable. This range of values
for pseem more reasonable also on the ground that for the postwar U.S. economy profit margins
have been rather small. More recently, Martins, Scarpetta and Pilat (1996) estimated the average
markup for the U.S. economy to be around3. On sectoral basis, they found that markups
for most industries were betweerDb and 154. However, Gali (1994) assumes a steady state
value ofp € [2.0,3.03] using evidence from Hall (1988). These two ranges j20, 3.03] and
[1.15,1.7] have significant behavioral differences. To see these differences in a more transparent
manner consider the data in Table 1. It describes the valugs,of} consistent with a givep.

Table 1 also lists the corresponding sigrepfind whether it is greater or less than 1. Recall that
if & is greater than 1, then sunspots are possible.

Table 1. Sunspot Zones and Markups

U n o o e | sunspot
1.2 000-5.15 750-6.21 032 -+ yes
1.2 518-560 620-6.10 032 — yes
1.2 561-598 609-6.00 032 -— no
1.2 6.00-300 599-0.00 032 -+ no
16 000-258 333-27 047 -+ yes
16 259-261 269-268 047 -— yes
16 262-265 268-267 047 -— no
1.6 266—-1333 266—-0.00 047 -+ no
2.8 000-153 194-156 074 + yes
2.8 153-155 ~ 1.55 074 — yes
28 156-505 154-068 074 + no
28 506-778 067-0.00 074 + yes

For every value oficonsidered, for some regionfif,0}, | € |> 1 such that it is possible that
sunspot equilibria may exist for a wide range of markups. Moreover, as can be seen in Table 1, the
intervals of{n, o} for which sunspots exist are also quite large. Consequently, the existence of
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such equilibria in the environment discussed in this paper does not depend on very specific values
of parameters. Note, that for values{of,o} close to one anothere, |< 1 and for sufficiently

apart valuese, |> 1. This implies, as described by Gali, for sunspots to exist the two elasticities
need to be sufficiently far apart. ff ando are close to one anothey is extremely small such

5(1—a) A1) T
thatsu is very large which in turn implies thag, |= {1 157 {1+ (}\ — Lp) S_J } will
be small and sunspot equilibria cannot exist.
However, whenuis small e.g., 22 or 1.5, sunspots exist only in the region< o. For larger
values of the markup e.qg., for values considered by GalijLe.[2,3.03], | & |> 1 in regions
wheren < o as well am > 0. The difference in the behavior of the economy for larger values

of the steady statg turns out to be quite significant. In the regiqn> o , the elasticity of the

_ —P)A . . . :
markup toA, g, = M IS negative. At the empirical level, the U.S. economy displays two

§£(€-1)

strong regularities

1. 1. astronglyrocyclicalinvestment share
2. a stronglycountercyclicamarkup.

If these two features are to hold simultaneously then when output incrdages,ld increase
andp should fall. This implies that, < 0. Therefore, if the model is to be consistent with the

regularities displayed by the U.S. economy it follows that o sinceg, = é‘é:i))‘ While for

parameter values consistent with a steady state maikuf2.0, sunspots can existé |> 1)
whenn > o, in the rangeau € [1,2) this is not true. In fact fop < 2, sunspots fail to exist for
n>o.

Proposition 5.2. If n > 0, 0 > 0, andn > g, then at the steady statex2 for sunspot equilibria
to exist.

Proof. See appendim

Note that in the proof of Proposition 3, we did not use any specific parameter values except
for restricting the parameters to be positive and the markup to be greater than 1. Consequently,
the proposition holds quite generally and for this class of economies if the share of investment is
to be procyclical and the optimal markup countercyclical, at the steady state the markup has to
be over 100 percent. Given the more recent studies discussed previously, it is unlikely that the
long-run markup for the U.S. economy can be that large. In fact, the Martins, Scarpetta and Pilat
(1996) study shows that for most OECD countries markups are substantially lower than 2.

Simplifying the parameters; andes, (5.5) becomes

~ - N +0 .
ky1=Et |di(l—€)Z 1+ ko + (pT) Lpzezgt+1:|

This implies that ife, > 1 thenRHl is negatively correlated with technological shockslgd —
&) < 0. In turn,e; > 1 also implies a negative correlation for investment which we find to be

counter intuitive. Furthermore, ji € [2,3.03], the values used by Gali, € [0.53,0.8] and the
share of wages in national income lies betwf®84, 0.07]. This value is significantly different

5See for example, Rotemberg and Woodford 1990, Bils, 1987.
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from the observed share of aroun@4 (Prescott, 1986). Consequently, given the preponderance
of both empirical evidence and the implied inconsistencies with empirical regularities it seems
unlikely that the version of this model with sunspots will be a reasonable approximation of the
real economy.

6. Equilibrium with Exogenous Fluctuations

In keeping with the restrictions derived in the previous section we follow studies that have used
a similar framework such as Rotemberg and Woodford (1992) and Basu (1995) to restrict steady
state markups to the intervdl.2,1.7] that matches the more recent econometric estimates. As
shown in proposition 3, this restriction forces| < 1, so that sunspot equilibria are ruled out.
Moreover, in the rest of this section unless otherwise noted it will be assumetl thatso that

gy < 0. Therefore, in order to generate cyclical fluctuations the model will depend exclusively on
the two exogenous shocksi) the technological shock and(ii) the demand shoal."Consider

first the perfect foresight equilibrium i.ez, = 0 andg; = O, vt = 0,...0. The first equation

in this system ik; = exk;. Consequently, there is no restriction knimposed by the initial
capital stockk. The unique steady state of the systerkis0 and sincg €; |< 1 it is unstable

such that the only rational expectations equilibrium is the one whiertg} = 0 Vt = 0, ...co.
Therefore, given any initial capital stodf, there is an unique perfect foresight equilibrium
which is also stationary. The instability of the steady state allows the stochastic version of the
difference equatiofi5.5) to be forward stable such that there is an unique rational expectations
equilibrium given by

+ ek

}g%@+ﬁ4] (6.)
]:

SinceZ,1 = ¢’z + &, 1 andE; [§,1] = 0 andgi;1 = @G + &7, , andE; [&] ;] = O we have,

Rt-|-1 = ek [ eéft-|-j-|-1
2

ﬁufqua[z<@@ﬂz +@%a[z<@@ﬂ@] (6.2)
j=0 =0
which can be expressed as

s e ©3)

This is the capital accumulation law of motion generated by the equilibrium conditions of the
economy and using the linearized system of equatiériy — (10.10) all other variables can be
expressed in terms af andg;. In particulaP,

At = A% — Ak + A9, (6.4)
[ = biA%2 — by ARk + by A %G, (6.5)
Y = Y2+ Yk + v (6.6)

5The appendix lists the complete expressions for the different coefficients.
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It =172 +19¢; + ¥k (6.7)
We investigate the effects of changing the long run share of investment goods in overall gov-
ernment purchaseg, on the cyclical behavior of aggregate outpytinvestment;, consumption
¢; and labor; keeping the long run level of overall government expendituoenstant. Using

the expression for equilibrium outp(4.6)derived in the appendix and ignoring the variations in
the stock of capital which are generally small,

var(§) = (3)* 0% + (¥§)*oj

sinceCoVZ, R) =0, CovZ§) = 0, Coug, R) = 0. Consequently, the way output responds to
the exogenous shockg, dndd;, depends on the parametgrfsandy®. These two parameters
are affected by. As a result, when the long-run composition of government outlay changes, it
affects the way the economy reacts to both supply and demand shocks. The cyclical variability
of output can therefore, be accentuated or reduced by the chdice of

As noted in the discussion on the long run effects of changes in the share of public investment,
whenB changes the price elasticity of the commaodity also changes at the steady state also changes
since

£=(n-o) [(1_g)ﬂ°+egﬂ+o

In_particular, when(n — o) > 0, then an increase ifi will increase the elasticity as long as

& —1) > (A—06g)(n —o0) (see lemma 1). This will lead to a reduction in the markup. Apart
from increasing welfare by reducing the markup and increasing productivity (Proposition 1) an
increase i also impinges on the way the variability of output and variables such as employment,
consumption and investment. This occurs since an increase in the elasticity results in a “flatten-
ing” of the aggregate demand function. With a flatter demand function, exogenous shocks have a
larger effect on quantity than prices (see Figure 3). Consequently, the variability in aggregate out-
put for the same exogenous shocks will be larger resulting in a larger short-run volatility leading
to the following situation. On one hand, increased government investment enhances productivity
and welfare while on the other it also raises the volatility in income. Depending on the risk aver-
sion of households, the loss in welfare due to increased volatility could, in principle, overshadow
the welfare gains due to increased productivity leading a to fall in the total welfare.

7. Growth and Cyclical Effects of Changing Public Investment

Although it is possible to derive closed form solutions expressing all the variables in terms of
the exogenous shocks (see the appendix) evaluating the effects of inddeasadytically is still

too cumbersome. Instead, we use the parametric restrictions derived in the previous section to
simulate the effects first for the U.S. economy and then for other OECD countries.

7.1. Simulation Results for the U.S. Economy

For the U.S. economy, in the experiments we kgepnstant at the long run average for govern-
ment purchases which is aroun@0. The steady state value®fs around 015 which includes
investment goods for defense. This implies that government investment is abgér8ent of
GDP.
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Figure 6.1:

Table 2. Parameters used in Simulations

Parameter description \ Value

B— household’s discount factor

¢— wage elasticity of labor

o — output elasticity of capital

o— rate of depreciation of capital stock

A— steady state share of total investment in GDP

p— steady state markup

06— share of investment in government expenditure
g— steady state share of government expenditure in G
@*— serial correlation of technology shock

@°— serial correlation of government expenditure shog
0,— standard deviation of technology shock

04— standard deviation of government expenditure sh

0.99
1
0.467
0.016
0.21
16
0.15
D21
0.95
k.82
0.00763
0010241
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We take as the benchmark the steady state implied by the parameter values enumerated in
Table 2 . The unresolved parametersiu@ando. However, given the
as discussed in the previous section we know that o. In this regi
of values for these variablds) = 2.75,0 = 2.65} and{n =3.5,0 =2
difference between the two elasticities is small and in the second r
parameters we vary tiekeepingg constant at @1. A five percentage point increase (decrease)
in @ implies a one percentage point increase(decrease) in share of government investment in GDP.
The steady state share of public investmeénis around (3. Tables 3a and 3b summarizes the
effects of changing this share byepercentage point or equivalently
state value of A5 by five percentage points.

procyclicality of markups

on we consider two sets

A46}. In the first set the
elatively large. For each set of

changthfyom its steady



Table 3a. Steady State Effects of a One Percent Decrease
in Public Investment-to-GDP ratio

{n=2.75,0— 2.65] | {n —3.5,0 — 2.46}

Percentage changein -1.054 -1.096
Percentage changejn | 0.038 0.41

Percent change ik -0.089 -0.95

Percent change in -0.044 -0.476
Percent change in -0.058 -0.625
Percent change n -0.065 -0.702
Percent change in welfarg -0.82 -0.502

Wheny is lowered by 1 percentage point, the share of total investidalls by more than 1
percentage for both cases iigando are close to one another (Table 3a, column A) Qrashdo
relatively far apart (Table 3a, column B). However, the multiplier effect is somewhat larger when
the two elasticities are further apart. On the other hand, whando are close to one another,
the effect on the steady state markup is very small. The magkogmains almost unchanged.

This occurs because the average elasticity, which determines the level of the markup, given by
(n — o)A+ o is approximately constant atwhenn — o is small. When the difference between

n ando is large the change in the markup is by almost half a percentage point. In a similar vein,
capital stock, labor, output and private consumption rise in both cases although the increase is
sharper when the two elasticities are further apart.

Whenn = 3.5 ando = 2.46, the effect of percentage decrease in public investment leads to
almost half a percent decrease in employmeriwhs held constant at1b, to achieve the same
effect government expenditure as a percentage of output would have had to increase by 5 per-
centage points, i.e., from®L1 to about ®@6. Thus keeping the composition of public expenditure
constant, permanent decreases in government spending permanently decreases employment and
output. In models with constant markup, although such effects are present, the causality works
through the labor supply decisions of households and depends almost entirely on the income ef-
fect on leisure. A decrease in government expenditure leads to an increase in private wealth and
lowers real interest rates. Both these have the effect of lowering the marginal utility of wealth
which, in turn, causes labor supply to fall (Barro 1981). However, in this environment the causal-
ity works from the demand side. With a decrease in the share of investment, the price elasticity
of a firm’s output increases causing the markup to rise and consequently leading to a decrease in
labor demand (for a related analysis see Rotemberg and Woodford 1992).

Table 3b. Cyclical Effects of a One Percentage Decrease
in Public Investment-to-GDP ratio

| {(n=2.750=2.65} | {n=3.50=2.46}

Percent change ioy due toZ | -0.927 -3.52
Percent change ioy due tog” | -85.16 -100.41
Percent change io; due toZ' | -2.26 -4.72
Percent change io; due tog~ | -85.16 -100.41
Percent change in welfare 0.03 0.05
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The short run effects of permanently changthgre quite significant, even when the differ-
ence between ando is small (column A, Table 3b). While the percent decrease in the variance
of output from the technology shock is by almost 1 percent, for labor it is by over 2 percent. The
effect is more dramatic for the variance caused by demand shocks. For both employment and
output the variance falls by over 85 percent and by over 100 percent when the elasticities are
further apart. This reduction in the variance of employment and output leads to a rise in house-
holds’ welfare. Welfare increases by aroun@®percent. As discussed previously, a decrease
in the public investment reduces the elasticity and increases the markup. While this leads to an
decline in welfare due to efficiency losses, it also makes aggregate demand less elastic. With a
more inelastic demand, adjustments in quantity (output and therefore employment) are smaller
than in prices. This fall in volatility acts to increase the level of welfare.

7.1.1. Correlation of Total Factor Productivity with Demand Shocks

Assume in this section that = 0, so that the only exogenous shock to the systegn ik€tting
% = %X ~In (%), total factor productivity is given by

1\ - 1
G = 1——_ kt+ (1_:> §
G yk( u) % <)
C(1-a)E A0

whereyd = — Troa? As long as the elasticity of with respect to markup is negative, a con-
dition satisfied iln > o — which is the same requirement to ensure that the markup is procyclical
— the Solow residualy, will be positively correlated tg;, namely the aggregate demand shock.
Consequently, in this economy if Solow residuals are measured in the standard way i.e., the dif-
ference between actual output and the share weighted contribution of capital and labor, it will
be biased upwards as shocks suckyabdt are exogenous to the true technological shock, will

be picked up. While, Hall (1988) and Evans (1992) have empirically shown that productivity is
correlated with variables such as government expenditure shocks, Basu (1995) provides an ar-
gument why this may take place in a model where final good production requires intermediate
goods. In this environment however, the driving force behind the result is the wedge between the
elasticities of firms and households for the same goods.

7.2. Simulation Results for Other OECD Economies

This section is based largely on a study by Royen (1998), who uses a similar environment to es-
timate the effects of changing the composition of government purchases on output, employment,
capital stock and private consumption in OECD member countries

7.2.1. Calibration Issues

The depreciation rate and the elasticity of labor supply are assumed to be common across the 14
OECD member countries used in this study. The specific values for the two paradnetér$0

and¢ = 1. Estimates of mark-ups for OECD countries are available from Martins, Scarpetta, and
Pilat, who calculated markup ratios for 14 countries for the period 19I/@02. Markups}l, are
available for 36 manufacturing sectors. The average markup ratios range .ft8m Belgium

and Finland to 26 for Japan. In this paper, for the US, the markup has been estimatekBto 1
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for the 1970’s period and to.15 for the 1980’s - substantially lower than thé Lised in our
simulations. Furthermore, Martins, Scarpetta, and Pilat, provide evidence of the countercyclical
markups in these countries. As before, for the model economy, this implies that investment
elasticity is higher than consumption elasticity ig» 0. Royen uses two sets of specific values

for these elasticities which are consistent with the estimated OECD markups. In the first set,
the distance between the two elasticities is set approximatelypatvhile in the other it is 3.
Given the countercyclical mark-ups and their low levels, this results in high valugsdodo.

The elast|C|ty of capital in productiom, is given for each country by the steady state relation
A—pp= 2 +5, wherep is given by the average risk-free interest rate in each colr@ryuntry-
specific values for the long-run share of investment in government expenditure, the share of
government expenditure in GDP, and share of investment in GDP were used.

7.2.2. Steady State Effects

In the 1970s, the impact of an increasdiby five percentage points, withremaining constant,

on the long-run share of investment in GDP is the largest in the UK and Denmark of argund 1
percentage points, while it has a relatively low impact Japan and Germany of abqarfent-

age. The OECD average is aroun@ percentage point change. In the 1980’s, the impact on
share of investment increases for almost all countries. The average increase for OECD countries
is about 16 percentage points, with the highest impact in France, Sweden, and Denmark of over
2 percentage points. This result does not alter when the difference between the two elasticities
is altered. The effect on the markup ratios, however, increases, as one would expect, when the
gap between investment and consumption elasticity increases. When the difference in the two
elasticities is around.®, markups fall by about.Q percent in these countries, while the decline

is about 025 percent when the difference is doubled. The 1970’s, with the exception of Japan
and Norway, the effect of a 5 percentage changeé lras little impact on output, ranging from

0.07 percent increase in Belgium tcdercent in the Netherlands. In Norway, however, a signif-
icantly different pattern emerges. Changbhgy five percentage point increases output by more
than 16 percent when the distance between the two elasticities is about 3. For the 1980'’s, the
differences among countries are less pronounced. Chafdwag a relatively larger impact in
France, Italy, Australia, Norway and Finland, where it increase output by almbpetcent.

8. Concluding Remarks

That aggregate demand affects the cyclical behavior of an economy by changing the markup is
well established in the literature with markups behaving in a countercyclical manner as increases
in demand raise the elasticity of demand faced by monopolistically competitive firms such that
profit maximization leads to a reduction in their markups. Building on the framework developed
by Gali (1994), who showed that the composition of aggregate demand can have similar impact,
we found that changes in government purchases can have efficiency effects as well as affect
the short run volatility of macroeconomic variables like output and employment. In particular,
when the price elasticities of investment is larger than that of consumption, markups behave
countercyclically. In such a situation if the share of investment in total public expenditure is
increased aggregate demand becomes more elastic and consequently, optimal markup is reduced.
With a fall in the markup the economy is pushed towards the competitive equilibrium with the

"The average three month treasury bill rate for the period considered is used.
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resulting increase in productivity raising the marginal revenue products of both capital and labor,
such that in equilibrium, firms hire more workers and accumulate more capital, which in turn
increases the steady output, employment and capital stock. However, the increase in the elasticity
of aggregate demand implies that in response to exogenous shifts in demand or supply quantity
adjustment will be more than price adjustment thereby increasing the cyclical variability of output
and employment. This trade-off between welfare gains due to increased efficiency and welfare
losses due to greater variability is the critical decision that policy makers need to make when
changing the composition of public expenditure.

For the postwar U.S. economy, a one percentage increase in the share of public investment,
keeping the share of total government spending constant, raises steady state output by@fmost 0
percent and welfare by.® even when the elasticities of consumption and investment are close
to one another. For larger differences in the two elasticities while the increase in output is larger
the welfare gains are less since there is an offsetting increase in disutility from increased hours
of work. However, this also increases the short run variability of the economy. The variance
of output from the same technology shock increases by almost one percent while the variance
of employment is raised by about 2 percent. The resulting loss in welfare from this increased
uncertainty is about.03 percent.

We conclude the paper by discussing briefly a particular shortcoming of the model. Typically
government expenditure is made of consumption and investment goods and labor, i.e., public
sector employees. If a government changes the number of its employees, the economy can also
be affected. However, this effect will be through the supply side. By changing its level of
employment, the government can affect the amount of labor input available to the private sector.
i.e., the effective labor supply faced by firms in the private sector. The effect of such changes
could be significant both quantitatively as well as in terms of its direction. One cannot draw a
strict analogy between changes in the composition of government purchases and public sector
employment since the latter will affect the economy primarily by changing the composition of
available inputs and their relative prices. In this paper, however, we did not consider the effects
of changes in the public sector employment.
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10. Appendix

10.1. Solution to the Household'’s Problem

The objective function of the household is given by

Eotist u(d) —v(th]

where
u(d) = M=o g(cist)c"rcl,o>0
=
and
i C %
()=1370)¢.2>0

Denoting byqth the price of the shares in firim we can write the budget constraint of con-
sumeri as a function of his income, the return on the shares that he owns and the taxes he pays
to the government. Thus, &, is the number of shares he owns in fitmat timet andd{® the
dividend he receives from these shares, the budget constraint is given by

M M

M
sd < i 4 hygh)d, _ hd T
s;pt st < hzl (dt qt)gnt hzlqt gn,t+1 t

where, T, is the tax paid by théh household. _
If we define the income of consumiemet of taxes as{, with

a =1+ hzl (dth + Chh) Sht — hzlqpén,url

and assume that all shares are distributed equally between consumers tattinehe con-
sumer’s problem can be written as

max Eo 352 oB' [u(d) —v(1})]
st.yM pidy <o —T (10.1)

§n0:%

As discussed in the text I8 be the consumer price index defined as
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then the solution to the consumer’s problem is

. s\ —O i i
CISt: <%) (atH_'\}>7 S:1727---M7Vi:1727”'N

I—=p %t vi=12.N
h (10.2)
_ 1 h h _ i —
%_Bapt—“( La+dh,), h=12.M,Vi=12 N
iminfr_,. EB Zh:1<ﬁ> §.=0h=12.MVi=12_N

The impact of the taxes clearly appears in the first equation characterizing the demand for the
consumption goods. The second equation is the labor supply as a function of the composite price
index with an elasticity of as defined above. The third is the Euler condition and corresponds to
the familiar capital asset pricing equation. The fourth equation is a limit condition that guarantees
that the value function is well defined.

10.2. Solution to the Firm’s Problem

Using the solutions to the static allocation problem faced by the firm from equgibp the
intertemporalproblem of thejth firm is given by

. j
max Eg 3520 B'S
st dl =ply -l —v

- (0)° (1)

- Cy
ktj+1: (1_5)kij+%_tt

wherep is the discount facton); is the dividend paid by firnj at timet, B the price index for

the consumption goods defined similarlylig, andEg is the expectation operator at tirhe- 0.

Since the intertemporal problem is also identical across firms, we can drop the sujscript
One can thus summarize the problen{1Q.3) by

(10.3)

maxE; 5 e [ptyt g ey T, (g — (1 B)k) (10.4)
t=

_ 11 a
wherez, * %y “k ¢ is the variable cost at time Solving (10.4) by choosing{y;, k. 1} one
gets

' o 1 —ﬁ & %

Wherep{ represents the derivative pf with respect tg;. The above equation can be rearranged
as
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or,

1\ 1 2 (y\Te
p‘(“z—t) ~1 q? (z)

1 a . ,
whereé;, is the price elasticity of the commodity aqéazt 1-a (%) s the marginal cost.

This gives us the standard price setting rule in the case of monopolistic competition namely, that
the price is set equal to a mark-up over the marginal cost, i.e.,

Pt = H O (10.5)

&

wherep, = £l

is the mark-up and

A
A1 (kt)

is the marginal cost. After rearranging, the optimal capital accumulation policy function, ob-
tained by taking the first order conditionkp, 1 is given by

1
My 1] a - yt+1)ﬁ
Mo = 1-3)M 10.6
A B tPt+1 ll—O(Z“Fl (kt+1 + ( )Mes1 ( )

1 1
—T1—q 1- . . . .
where 257 4 ° (ﬁ—i) * corresponds to the decline in the variable or labor cost due to a unit

increase in the capital stock. Equatidf®®), (10.5), and(10.6) characterize the optimal policy
functions of the firms in terms of output at timeand capital stock at time+ 1, thus fully
characterizing the solution to the firm’s problem.

10.3. The Linear Approximations

The linearization of the following equations

1+ {(I—a) _ (1=q)

X _sztlHJZ n 1+ag k; +al _ 0 (107)
B N—0)At+0

- oh-(1-0) ° (109

()\t—egt)xt—%+(l—6) =0 (10.9)

1+al
1+¢ I«
K+1Ak{Et[<a+l>1W{‘} =0 (10.10)
Met1
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resulted in

R = a12 — apfk — agk (10.11)
[, = biA; (10.12)
- 1~ 1- o)
A= ki1 — —k — —X ¢ 10.1
t Clkt+1 Clkt Cl)(t+029t (10.13)
kv = 0hF 2010 — Py 4] (10.14)

where,

_ (14T _ {(1-a) _ 1-a _ (a3 (0—-p) A
&= (HGZ)' 8 = a7 B/=Tqp M= <G5) (( (n-0)A+0)° ) (A-w)’

0125()\)‘—@ 02:(%), 511:<%) and oy = 2=2for w=x,\,k,zv,g. Note thatatthe

steady staté — ) (%) =3 99 Consequently,

ad (6—n) - (6—n)
<p+6) (((n_o)ﬁo)z) B (((H—O))\—(l—o)) ((FI—G))\+0))

Since& = (n— o))T+ o, theb; becomes)?(iw). From the definition of the elasticity of

&(¢-1)

: —  (0—n)A — :
the markup with respect t, we know thate, = m Consequentlyp, = €. Replacing
(10.11) and(10.12) in (10.13) we have under the assumption that- dayb; # 0

z 1 ~ (1 — 6&3) ~ 6&1 ~ C1C2 A
A=———— — — 10.1
t c1 — dayxbq +1 c1 — daxb, c1 — daxb, c, — daxby ( 0 5)

Using the above and leadiri@0.12) by one period
~ o 1 ~ (1 — 6&3) ~ 6&1 ~ C1C2 a
M1 = by ( ) kt+2 o — 68.2b1kt+1 B C1— 6a2b12t+1 * C1— 6a2blgt+1>

Note thatcicp, = A—‘“ Replacing the above if10.14) we have, provided; — b, (d; — 8) # O,

kt+1 =& [912t+1 + ezkt+2 + 63Qt_|_1] (10.16)
where,
e = da[C1+b18(ay —ay)]
C1—by(d;-0)

&=— 10y _ digy

o C]_—bl(dl—é) o C]_ Sp(dl_ 6)

_ dlcj_Czbl _ dlClCZSLl
eg o C]_—bl(dl—é) o C]_ Sp(dl 6)

Next, we list below some of the other coefficients of the linearized system of equations:

kZ: q)zel kg: @es )\z: kz—6a1 }\k: (1_6a3) }\g: kg+C1C2
1-¢e’  1-@Pe’"  c—dahy’”  c —daghy’” ¢y —daghy
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V= ((1+Z) —Z(l—a)bl?\z) K <0(1+Z) +Z(1—0()b1A"> = Q(1—a)byA"

1+al 1+al 1+ al
. C 29 CPAY T K
| _1+GZ(1—b1)\),I __1+aZ’| _1+0(Z(a+b1)\)

10.4. Proof of Lemma 2

Using the expression fat;, ciandb; one gets

&= (pofé < ((n— 0)\+0 )

6(%) {1 (5(11+Z‘3‘ p+6 ( ((n— 0)\+0 )}
1 6<1_T?> {1 (6(11+Za p-|—6 ( ((n— 0)\—|—0 )}
g_

(£%) (53) (ﬁ)

1-a

) [ Gy

__Jo(1-0) 14 1 1

Ol @) ()

Using that fact that the steady stz(t§‘—6> <#)%> = (%‘“) €., We have

PR

Taking modulus;gy =1 %37 [” (A_w> Sl]
1.
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10.5. Proof of Proposition 3

5(1—a) A1t (
Consider the expressionfey = 1 — _ 1 — | = . Sinceg, = - A and
P ef{ m[*(w) ]} )

E=(n— o))\+0 using the steady state condltl(?n IVES F)M,we gete2 Cz[ +C3]

whereC; = (Nn—0)A+0>0,C = % > 0 andCz = (p—|—6) > 0. Nowif|e |>1
whenn — o > 0 thenC, > [n 0+C3] This implies thatC, — C3 > n -, i.e. (p°f6) > nCTZG

which in turn results im — o > C1 (p%)i . Since,n—0 = % — 0, the inequality can be

rearranged a%( o> C2 <p+6) . Again using the steady state conditi@E— W)p= p—|—6 and
rearranging the expression for optimal markup such@hat (1— rll)*l the inequality becomes

LG, — Cl(A LIJ) >u0 Now if o > 0 thenp— Cl( )>o|e L ( )(ﬁ) >~ 0. This
implies that > 1+ W' Smceﬁ > 1 itimplies thaty > 2.
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