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1.0.1 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. We apply our methodology to the postwar US economy and other OECD countries.

2 Introduction

Using a model with horizontally differentiated goods and monopolistic competition, this paper
shows how changes in the composition of government expenditure can affect through markups
both the long run efficiency as well as the short run fluctuations of an economy, even when public

outlays are assumed to be unproductive.
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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 the increase in real interest rate triggered by the need to
finance additional government spending (see for example Aiyagari 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 ’comnnsumption-leisure choices. However, these studies have concentrated on the
effect of aggregate public spending rather than on its composition.

The importance of markup variations in understanding business cycle fluctuations dates back
to Kalecki (1939) and Keynes (1938), while it is Vickrey (1986, 1993) who later suggested that the
government could affect welfare by purchasing goods according to the markup. Indeed, a higher
markup would necessarily imply that they are more efficiently produced. In fact, Vickrey went as
far as proposing that a market anti-inflation program be based on the principle of an excess gross

1" This paper shows how permanent changes in the composition of public expenditure

markup tax.
can affect the cyclical response of the economy by changing the elasticity of aggregate demand.?

The government can affect the elasticity of aggregate demand by spending more on goods with
a higher elasticity, as long as public and private consumption of these goods are not negatively
correlated. One could for example think of government spending as categorized between tradables
and nontradables, services and manufacturing or between consumption and investment goods. In

this paper, we have opted chosen the latter option mainly because we would like to emphasize the

fact that the composition of public outlays may have conflicting long run and short run effects,

Yee also Arnotf ef al. (1994). . .. .
é R(ithough Ii]ls 21%895 P ov%ézss a setup where the price elasticity changes in response to demand shocks, the paper
does not provide a persuasive case as to why this can occur. In contrast, that link is made explicit in our paper.
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and because it is generally agreed that investment goods have the most direct long-run effects on
the economy.?

The model is based on a framework originally developed by Gali (1994). Goods are horizontally
differentiated with each good being produced by a single firm in a monopolistic market. The price
elasticity of demand is different for households — who use it for consumption — and for firms —
who use it for investment. We make the critical assumption that the elasticities of public demand
for consumption and investment goods are identical to those of the private sector. This is done
primarily to keep the model tractable. Introducing a specific objective function and financing
constraints before deriving these elasticities would arguably be the best way to model government
behavior. However, there is little consensus in the literature about what the objective function
should be except for treating it as a benevolent dictator with a welfare maximizing function. As
there is little empirical or heuristic evidence supporting this view, we also avoid controversies by
opting for this simple rule.

In order to obtain procyclical markups, which is an established feature of the US economy
(Woodford and Rotemberg, 1990, and Bils, 1987), our model requires that the price elasticity
of consumption is larger than that of investment. When the reverse is true, markups are coun-
tercyclical. If markups are countercyclical, an increase in the share of public investment (while
keeping total outlay constant) lowers the markup charged by profit maximizing firms, leading to
higher output, employment, investment, and, finally, welfare. In addtion, the fall in the markup
pushes the economy torwards the perfectly competitive equilibrium, yielding efficiency gains in
terms of both labor and total factor productivity. If markups are procyclical, the same policy has
the reverse effect. This paper shows how changes in the composition of government expenditure
between consumption and investment goods can affect both the long run efficiency as well as short
run fluctuations of an economy even when public expenditure is assumed to be unproductive.

Using a model with horizontally differentiated goods and monopolistic competition we find that

3 Depending on the modcl, whether the cimphasis is on tradables or nontradables (scrvices or manufacturing) can
also have long-run effects on the economy.
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when markups are countercyclical, an increase in the share of investment goods in total public
expenditure, raises output, employment, and capital stock in the steady state. While this leads to
increases in welfare and productivity in the long run, it also raises the short run cyclical variabil-
ity 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.
Quantitative estimates using the model calibrated, to the postwar U.S. economy, shows that the
effects of changing the composition of public spending can be quite significant. Although these
effects are reversed when markups are procyclical, empirical evidence indicates that in the postwar
U.S. economy markups are in fact countercyclical.

Although, when the price elasticity of investment is larger than that of consumption, increases
in steady state public investment raises steady state output and welfare by decreasing the markup,
the increase in elasticity which leads to the fall in the markup, also makes the aggregate demand
less steep. Consequently, both exogenous demand and supply shocks lead to a larger adjustment in
quantity rather than prices, so that output and employment variability also increases, such that as
the economy is moved closer to the perfectly competitive allocation, the cyclical variability is also
increased. With the increased cyclical variations, depending on the level of risk aversion, the loss in
welfare can overcompensate the gains in welfare arising from the added efficiency so that increases
in public investment can decrease overall welfare. Thus, changes in the long run composition of
public expenditure entail a trade-off between increased long run efficiency and increased short run
volatility. Cyclical changes in this economy, including that in investment is driven by exogenous
supply and demand shocks.

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 producer
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
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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 breakdown 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.

There some other features of the model that are noteworthy. 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 impulses, 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 procyclical. As a result, the standard measures of the Solow residual
will tend to overestimate the contribution of technological shocks. It is also shown that when
markups are procyclical if the average elasticity is sufficiently large then increases in public invest-
ment crowds in private 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 exogenous
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 than 2. Recent studies such as those by Domowitz et.
al. (1988), Morrison (1990) and Oliviera Martins et. al. (1996) typically estimate markups to be
less than 1.7.

The rest of the paper is organized as follows. Section II presents the environment including the
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assumptions made with respect to the behavior of government expenditure. Section III character-
izes the equilibrium while Section IV discusses the properties of the steady state. In Section V the
long run effects of changing the composition of public spending is discussed. Issues involving the
plausibility of sunspot equilibria are discussed in the next section. Section VII shows the effects
of changing the composition of government expenditure on the economy when exogenous demand

and technological shocks are present. And Section VIII concludes the paper.

3 The Environment

3.1 Households

We assume that there is a large number of identical consumers denoted by ¢ = 1,2,...IN whose

preferences are described by

oo
Eo Y A [ule}) —v(1})]
t=0
where Fj is the expectation operator at time t = 0 and 8 € [0, 1] is the discount factor. The utility
u(ct) derived by consumer i at time ¢ is given by

M =T
u(c@) - MT= [Z (clst)Tl oc>0

s=1

where ¢, is the quantity of good s consumed by i at ¢ . 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 working I} hours is given by

1+¢
[

o) = ()T ¢

Normalizing each period wage to unity and denoting by ¢/ the price of the shares in firm h, we
can write the budget constraint of consumer i as a function of his income, the return on the shares
that he owns and the taxes he pays to the Government. Thus, if s}, is the number of shares he
owns in firm h at time ¢ and d} the dividend he receives from these shares, the budget constraint

is given by
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M M M
4 4 b by i .
prcit <+ Z (dt +q ) Sht — ZQt Shiv1 — 1t
s=1 h=1 h=1
where T} is the tax paid.

If we define the income of consumer ¢ net of taxes as a}, with

M M
i i ho R\ i h i
ap =1l + Z (df + ;') she — Z(h Sh,t+1
h=1 h=1

and assume that all shares are distributed equally among consumers at time ¢ = 0, the consumer’s

problem can be written as
max Eo Y520 0" [u(c}) —v(1})]
st SN pich, < af — T} )

i 1
Sho = W
Let P; be the consumer price index corresponding to the composite consumption good purchased

by the consumers and defined as

s=1

1 M ﬁ
s\1—o
P = M (Z (p?) )

The solution to the consumer’s problem can then be written as

é, = (%)7 (“Pja) L s=1,2,.MYi=12 N

=P Vi=12,..N
h

L = BEF= (A +alhr), h=1,2,.M, ¥i=12..N

liminfr_o BT SSM (g—T) sip=0, h=12 .M Vi=12 N
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The impact of the taxes clearly appears in the first equation characterizing the demand for
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.

3.2 Firms

There are M firms, each producing a horizontally differentiated commodity indexed by j =
1,2,...M. Without loss of generality assume that N = M. The technology to produce these
goods is identical across firms and requires both labor and capital with a production function

given by

. -\ @ N 1—a
vl =2 (kg) (zg) L 0<a<1 (3)
where y.{ , k.{ , and lf , denote respectively the jth firm’s output, capital stock and labor input. z;

denotes the productivity shock and follows

Zep1 = Pz + €5

where ¢° < 1, measures the persistence in the shock and £} is an i.i.d. disturbance with mean
and a finite positive support [, e*]. Capital accumulation requires the use of all M commodities

and the law of motion of capital is given by the following equation

Kl = (1= &)k + f(il), (4)

where
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and where é € [0, 1] represents the rate of capital erosion. 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 good f(i). Basu (1995) uses a technology
that is similar in some respects. There output is produced using a constant returns to scale

~ : ~ i (A () J_ (1 =6\ T
technology in labor and intermediate goods, Q; = (Lt) (It) , where [} = ( Jo L dk) .
However, ¢ which 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 p!, h = 1,2,...M, the price of good h, the cost of the composite
investment good purchased at each period (i.e. the total investment expenditure of the firm)
is given by 1/{ = 22121 pfiit. Implicitly, this framework requires that firms are not able to
discriminate 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.

In each period, the firm chooses iit to maximize f (zg ) given 1/{ . Consequently,

where m; given by,

1
M

() (pf:)”] )

h=1

Ht:

is the price index of the composite investment good.
Equation (6), provides the solution to the static allocation problem faced by the firm choosing

the optimal mix among M commodities to accumulate capital. Using this solution, one can then

10
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write the intertemporal problem of the jth firm as

¢ d
max EoY oy B B

s.t. & =plyl 1] —v]

i (18§ 4
ki =1 —06)k{+ o,
where 3 is the discount factor, d{ is the dividend paid by firm j at time ¢, P, the price index for
the consumption goods defined similarly to II;, and Ej is the expectation operator at time ¢ = 0.
Since the intertemporal problem is also identical across firms, we can drop the subscript j.

One can thus summarize the problem in (8) by

o

> 1 S T B
max Eo) ﬁtE {ptyt =z "y kY = I (ke — (1= 0)ke) 9)
t=0

1

1
TT—a, T-a ] T-a
where z, Y Tk

o
T—

is the variable cost at time ¢. Solving (9) by choosing {y:, k:+1} one gets

' I L (y\ "
Pyt pe= Tz (—)

as

or,

1—l ——1 z_ﬁ gt o
bt ) 1-at kr

1 i )
where &,, is the price elasticity of the commodity and ﬁzt e (z—f) """ is the marginal cost.

11
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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 = Kyt (10)

where p, = 5511 is the mark-up and
t

o= (1)
¢ ].—Oét kt

is the marginal cost. After rearranging, the optimal capital accumulation policy function, obtained

by taking the first order condition in k41 is given by

1
I1; 1 a = (Y \ T "
_t _ — |— o == 1-—8§)II
2 P | T2 s (kt+1 + ( M1

(11)

1 1
T l—a . . .
where 19—z, ¢ (M) corresponds to the decline in the variable or labor cost due to a

ket
unit increase in the capital stock. Equations (6), (10), and (11) characterize the optimal policy

functions of the firms in terms of output at time ¢ and capital stock at time ¢ + 1, thus fully

characterizing the solution to the firm’s problem.

3.3 The Government

As discussed previously, we assume that the government collects lump sum taxes from consumers
for a total of T}, with T} = Z£1 T}. The government spends the entire amount on purchasing
consumption and investment goods i.e., Gy = T;. Once T} is determined, the budget allocation is
carried out in a two step process. First, the overall sectoral expenditure limits are determined. We
denote them by 6,G; for public investment and (1 — 6;)G; for public consumption, with 6, € [0, 1].

Alternatively, the budget constraint of the government can be written as

12
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prczt <(1-0¢)G;
(12)

ZP? Z.Zt < 0.Gy
We make now two assumptions on government behavior. First, we fix 8, = 6 for all ¢, 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 combination of u(c!) and f(i/) i.e., the government’s allocation problem is

7T LN (L o= T
ra-a(37) |12 ()

h=1

M B

max wMT= [Z (cit) =

s=1

subject to

dopicy < (1= 0)Gy

Sprin, < 0,G,
where 0; and Gy is given and the weight w € [0, 1}1. We obtain the following two equations as the

solution to the spending patterns of the government?.

o, = (ﬂ)_g (Hﬁ) s=1,2,..M

gt P Py
(13)
o (pr 7 (6c _
it = (H—) (H) h=1,2 ..M
Finally, we assume that government expenditure is stochastic in the sense that g; = %‘ =

(1—¢%)g + ¢%g 1 + €, where £/ has a finite support [¢7,g*"] containing g and has an i.i.d.
distribution. This constitutes the demand shocks to the system as opposed to z; which is the

supply shock.

13
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4 Symmetric Market Equilibrium

Equations (2), (6), (10), (11), and (13) together with the overall feasibility conditions and the
price indices describe the market equilibrium. However, before we proceed further with the char-
acterization of the equilibrium it is useful to discuss the aggregate demand faced by firms. Note
that the demand faced by the firm j comprising of the demand by consumers, other firms and the

government is given by

s\ — O -n
i p_t athGt ﬁ Vt+9Gt 14
yt_(Pt> < B )+<Ht I (4

As is evident from (14), if # = 0, then aggregate demand is not affected at all by government
expenditure.
Now let )\{ denote the share of investment demand. Then the price elasticity of the jth good

is given by

1= (1= X)o + X (15)

The price elasticity 5{ is a weighted sum of the consumers and investors elasticities. And
therefore, the markup will depend on the weight, )\{ . Furthermore, note that if the two elasticities
are the same then p, = 0 , a constant.

We restrict our attention to only symmetric equilibria where all firms produce the same quan-
tity and use the same amount of input, and where all consumers consume 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 a result P; = IT;. With

the assumption of symmetry, we drop all firm and household specific indices.

14
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1

The demand for labor by firms can be written as [; = (i—f) e k; where, z; = &

:1‘717

capital ratio. Using this and equation (11) one derives the P; as

1

Ty (1—a) _1

P = <_) K
2t

The real wage in the economy w; is then given by

Replacing (16) in (8) provides a closed form expression for the output-capital ratio

e R - S
[e1 @ [e1 =
xp = Apz, Ty k, , Ay = (1 — o) 1#ac

Using (17) one can subsequently derive

1+4¢ —((l—a) a(l1+¢)
_ Ttac ,, 1tac TTac
Y = Axzy Hy k,

_ 1+al  1+al 1, 1+a( — TFac
lp = Az T T k) A= (1 — o) TFeC

the output-

(17)

(19)

Note that both output and labor are functions of capital stock k; and A;. One can use (18)

to find solutions for consumption, ¢;, and investment, ;. However, )\; is an endogenous variable

and needs to be solved. We next turn out attention to solving for A;. To do so, consider equation

(11). Under the assumption that P, = II;, (11) becomes

1
o g (Y U 1
—_— « =—=-1
11—« t+1 <kt+1> ] P 6

Using the fact that at period ¢, k;11 is known the above can be written as

TN T Liag
) a-(5s) oo
Hi1 p+o

p+6:Et

1
P

ki1 = Ayg (Et

15

(21)
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Note that p, ; is a function of Ay 1. Therefore, if A;y; is perceived to increase and //(.) # 0, then
private investors will increase or decrease k1. If, for example, ,u/(.) < 0, then k1 will increase.

However, this will imply that A; will also rise. The law of motion of capital is given by (4)

kepr = [(1 = 6) + (At — Oge) e e (22)
Rearranging the above yields,
ke
(>\t — Hgt)mt = % — (1 — 6)
t

equivalently,

EETNG =
A T+acl
(At — th):rt = k—k (Et [( Zt+1 ) ]) — (1 — (5) (23)
t Hiq1

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

Given kg and zg , a sequence of {z,g:} and government policy described by {0,7+}, a
symmetric equilibrium for this economy is a sequence {yi, ct,ly, ki1, M, iy, Pr} such that

14¢  (O-a)  (1-a)
— TFal ,~ 1¥ac . T1¥ac
1. xp = Apz, ™ 1y k,

14¢ —¢(l—a) a(+()
_ T+ac Ttad TFac
2.y = Agzy Ty k,

al

—¢
— TFaC , TFal [ TFal
3o by =Agz "y kT

5. Wy = %[
6 Mt £f:1

16
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9. (M — fg)ay = 2L — (1-6)

1+ad

14¢ T—a
zee ) el
Hita

10. kypq = Ag <Et

11. gt = Tt

17
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5 The Steady State

Conditions (1) — (11) completely characterize the competitive equilibrium. The only intertemporal
equations are (9)-(11). Assuming that 7, = 7 and Zz and g are the mean values of z; and g, and
letting ¢ = 0g, in a deterministic steady state i.e., zz = zZ and g; = g the steady state values of

capital and share of investment are given by

_ T—a
k_f%zﬁi<i) (25)

—o)A+o
N e ) 2
Note that from (26) it follows that when % > 0 as long as ¢ > p. When A =, the RHS of
(24) is 0 and monotonically increasing if o > p. Therefore, as long as p“—f(s < (1—-1) (%) there
will exist some 0 < A < 1 for which (24) is satisfied and a steady state exists. In particular, given

.. N _ . . . F)
the monotonicity of (A —)f the steady state will also be unique. However, if o < p then 3§ <0

and in which case multiple steady states can exist (Gali, 1994).

From (25) it follows that when f is high & is low. Since steady state output is given by

+¢  —Cl-a) _oa(+()
y=AgzlH+alp 14+al [k 14+ag

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

the markup falls both employment,

¢ __ag
= A151+a<,11+ac k1+al

o~

and labor productivity,

1 [
=const X z1-a [ 1-a

~il<

18
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also increase.

Recall that y; = ztktal%*a or equivalently, Iny; = Inz; + alnky + (1 — ) Inl;. One method of
computing total factor productivity, TF P, is to define TFP, = Iny; — alnk; — (1 — a)Inl;. In
particular, this formulation has been used to derive the contribution of productivity shock z; 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 approximate «. In the
presence of perfect competition the share of labor income approximates a quite well. However,

1—a

under imperfect competition i.e., g > 1, the share of labor income is - and that of capital %

If these shares are used to compute productivity then

OTFP _Odlny (g) olnk (1a> dlnl
op o w) Op I o

It turns out that

2 2 1
5 = -aptat+0?) (1-1) (1)

For p > 1, BEI;P < 0 rather than 0 if «, 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 permanent kind for the steady state analysis) will be correlated with the Solow residual, i.e.,
the measured factor productivity. In particular, since pu = (1 — %) 71, where £ = (n — o)A+ o, if
A increases and n — o > 0, then pu falls as a higher elasticity implies a lower markup as predicted
by standard microeconomic theory. If n — o < 0 the opposite holds true. We summarize these

findings in the following proposition.

Proposition 1 A decrease in the steady state markup is associated with higher steady state levels

19
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of capital stock, employment and output and also higher labor and total factor productiv-
ity. Moreover, if (n— o) is positive(negative) then the share of investment in output is

positively(negatively) correlated with total factor productivity in the long run.

6 Public Expenditure Policy — The Long Run Effects

Proposition 1 makes it clear that changes in the equilibrium markup can have important conse-
quences 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 investment, . To see how government policies
reflected in the composition of public expenditure can affect the markup of producers consider the
expression for the weighted elasticity &, = (1 — A\;)o + \¢n. Denote by A\, the share of investment

in total private spending, then A\; = (1 — g;)\ + 6,9, and

§e=m—0)[(1 =g )N +0:9:)] + 0

Government expenditure, g;, by itself can only have a second-order effect on the elasticity since
if 6, = 0 then & = (n—0) (1 — g:)\! + 0 and g; can have an effect only if Al 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
in g; will be completely offset by changes in A! such that (1 — g;)AY remains constant. If in
contrast, households decided on the level of investment then AY would probably not move enough
to completely offset the change in g; such that (1 — g;)AY 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. However, if 8; # 0 then changes in both 6, and g; matter in equilibrium. When

gz or 0, is altered, the overall composition of output changes causing the elasticity to change which
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in turn leads to a change in the markup.

In the steady state, (A—v)ia = p“—ﬁs and ji = (m) Substituting the second equation

in the first we have (A — ) (%) - p“—_& = 0. Since % #0for 0 <A <1 and

1 > 0, the steady state relationship between A and ¢ can be expressed as A = f(v).
Lemma 1 If n <o then 0 < % < 1. Otherwise, % >14if EE€—1)> (A—y)(n—0) and % <0

i EE-1) <(A=9¥)n-o).

Proof. Follows directly from differentiating (f (1) — ) (#f%) - p"‘—f& =0.

From the above lemma it follows that when 7 < o, if public investment increases, although share
of total investment goes up — j—f‘b > (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 \
increases when v is raised and 7 — o < 0, it follows from { = (n— o)A +o0 and p = (1 _ %) -1 that
the markup also increases. With p being 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 case, crowds out private investment. However, if 7—o > 0 and the price
elasticity of aggregate demand is sufficiently high, i.e., £(§ —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 that n — 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 investment crowds in private investment. Since increasing 6 or g while keeping the

other unchanged in equivalent to increasing 1» we have the following proposition.

Proposition 2 If 0 is increased keeping g constant or g is increased keeping 6 constant and if
n—o >0 and (€ —1) > (A —Y)(n — o) then the steady state levels of output, private
investment, and employment are increased along with labor productivity and total factor

productivity. The opposite occurs if n— o < 0.

Proof. Follows from proposition 1 and lemma 1.
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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
elasticities — the elasticity of aggregate demand. As we argue later in the paper, it is more likely
that n — o > 0 for the post war U.S. economy. 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.
7 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.

7.1 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, we linearize equilibrium

conditions (1), (6) and (9)-(10) around the steady state as implicitly given by (24) and (25) to

obtain approximate closed form solutions. Let Z = {\, k, Z} denote the steady state of the system.
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The linearized equations are

&y = a13 — agfi, — asky (28)

[ty = bi g (29)

A = c_llictﬂ - C—llfft - C—iﬂct + c201 (30)
ki1 =diEy [Ze41 — frypq] (31)

where the coefficients are the partial derivatives evaluated at their steady state values (see the

appendiz for details). By using (28) , (29) , (30), (31) becomes

ki1 = B [612t+1 + egkiyo + €3dii (32)

Now suppose | ez |> 1. Consider first the perfect foresight equilibrium i.e., Z,4; = 0 and
gr = 0Vt =0,...0o. The first equation in this system is ky = eqks. Consequently, there is no
restriction on kq imposed by the initial capital stock kg i.e., the system of equations, ];?t+1 = 62];’75+2
Vt =0, ...00, are unrestricted by the initial stock of capital. There is an unique steady state given
by ]Aft+1 =0Vt = 0,...00. Moreover, the perfect foresight equilibrium is stable. Any sequence
of {l%tﬂ} starting from an arbritrary k; will converge to the steady state l;:tH = 0. Since, kg
does not restrict the choice of k1, there is an indeterminate number of perfect foresight equilibria.
However, of these equilibria there is one that is stationary namely, {fctﬂ} =0Vt =0,..00
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 Ej [l;:t_H — egl;:t_,_g] = 0 is the version of (32) when there is no intrinsic uncertainty
(¢ = 0 and & = 0) which is the optimal capital accumulation rule followed by investors. Lagged
one period, the rule is given by E; ; (l;:tﬂ — e—lzl;:t) = 0. Now suppose investors’ believe that

investment follows ki1 = ékt + s4, where the random variable s; is a realization of an i.i.d.
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probability distribution with E; 1s; = 0 and described over a closed support [a, b] containing the
steady state. Although this rule still implies that E; (l%tﬂ — él;:t) = 0 which is consistent with
the optimal policy (32), the extrinsic uncertainty s; can generate investment paths that depend
solely on it. If | e5 |< 1 then the solution to ];?t+1 = éict + s; is given by ]Aft+1 = F; ijo (eg)j St4j
Vit =1,..00. As Eisi45 = 0, l;:t_,_l = 0Vt = 1,...00 is the unique stationary solution. But if

| eo |> 1, then the solution is

. 1\’
kip1 = Z (e_2> 84— YVt =0,...00 (33)

j=0
with k1 = ezs0 and the equilibrium path of capital stock is determined entirely by current and
past realizations of the sunspot variable s; 3. However, if agents do not believe that the sunspot
matters for the capital stock i.e., IAct_H #* e—ljct + s; but IAct_H = E—IQIAct, then the only stationary
equilibrium possible is the one where {k;11} = 0Vt =0, ...c0.

Since the existence of sunspots depend on the parameter es we next provide its characterization.

Lemma 2 | e |< 1 if and only if 1 — ﬁh;gl [1 + (%) %} > 14,

Proof. See appendix.
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.

7.2 The Likelihood of Sunspots

In this section, we restrict the various parameters of the model to be compatible with the post-war
U.S. economy using long-run and micro-level data and econometric studies. Following, Kydland
and Prescott (1990) we set A\ = 0.21, the share of investment in aggregate output. Depending on
whether investment in defense equipment is included ¥ = 0.023 or 0.03. We set the depreciation
rate at § = 0.016 per quarter such that the steady state capital-output ratio is around 10. This

depreciation rate is different from the 0.025 which is normally used approximating an annual rate
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of 10 percent. Using the average risk-free interest rate per quarter in the postwar U.S. economy
we set p = 0.01 or 8 = 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
our model we set ¢ = 1. This leaves behind unresolved the values for u,«,n and 0. Note that
the steady state condition (A — ¥)u = ;‘T&& implies that for any value of p there is an unique «
consistent with it.

Using industry data, Hall (1987, 1989) estimated p of over 1.8 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 from 1.2 to 1.7 are more reasonable. This range of values
for p seem 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 around 1.15. On sectoral basis, they found that markups for
most industries were between 1.05 and 1.54. However, Gali (1994) assumes a steady state value of
€ [2.0,3.03] using evidence from Hall (1988). These two ranges i.e., [2.0,3.03] and [1.2,1.7] have
significant behavioral differences. To see these differences in a more transparent manner consider
the data in Table 1. It describes the values of {7, o} consistent with a given p. Table 1 also lists

the corresponding sign of es and whether it is greater or less than 1. Recall that if e is greater

than 1 then sunspots are possible.

[Table 1 here]

For every value of p considered, for some region of {n, o}, | e2 |> 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
such equilibria in the environment discussed in this paper does not depend on very specific values

of parameters. Note, that for values of {7, 0} close to one another | e5 |< 1 and for sufficiently
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apart values | eg |> 1. This implies, as described by Gali, for sunspots to exist the two elasticities

need to be sufficiently far apart. If 7 and o are close to one another g, is extremely small such

—1
6(1— A 1
that = is very large which in turn implies that | ey |= {1 — (1-a) 1+ (= — will
= 1+¢ =),

be small and sunspot equilibria cannot exist.

However, when p is small e.g., 1.2 or 1.5, sunspots exist only in the region n < o. For larger
values of the markup e.g., for values considered by Gali i.e., u € [2,3.03], | e2 |> 1 in regions where
n < o as well as n > 0. The difference in the behavior of the economy for larger values of the

steady state p turns out to be quite significant. In the region n > o , the elasticity of the markup

(0 —pA
£(E-1)

to A\, €y = is negative. At the empirical level, the U.S. economy displays two strong
regularities

(a) a strongly procyclical investment share,

(b) a strongly countercyclical markup®.

If these two features are to hold simultaneously then when output increases, A should increase
and p 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 since &, = gzgjli‘ While for
parameter values consistent with a steady state markup g > 2.0, sunspots can exist (| ea |[> 1)

when 7 > o, in the range p € [1,2) this is not true. In fact for p < 2, sunspots fail to exist for

n>o0.

Proposition 3 If >0, 0 > 0, and n > o then at the steady state, i > 2 for sunspot equilibria

to exust.

Proof. See appendix.

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
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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 e; and e3, (32) becomes
~ N ~ P + 6 2
ki1 = Ey |di(1 — e2) 241 + eako + — Yeeagit1

This implies that if es > 1 then ];?t-i-l is negatively correlated with technological shocks as dy(1 —
eg) < 0. In turn, ez > 1 also implies a negative correlation for investment which we find to be
counter intuitive. Furthermore, if © € [2,3.03], the values used by Gali, o € [0.53,0.8] and the
share of wages in national income lies between [0.24,0.07]. This value is significantly different
from the observed share of around 0.64 (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.

8 Equilibrium with Exogenous Fluctuations and Public Ex-
penditure Policy

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 interval [1.2,1.7] that matches the more recent econometric estimates. As
shown in proposition 3, this restriction forces |es| < 1, so that sunspot equilibria are ruled out.
Moreover, in the rest of this section unless otherwise noted we shall also assume that n > o so
that €, < 0. In order, therefore, to generate cyclical fluctuations we depend on the two exogenous
shocks : (7) the technological shock 2, and (i7) the demand shock g;. Consider first the perfect
foresight equilibrium i.e., 2, = 0 and g, = 0, V¢t = 0,...0o. The first equation in this system is
k= 62];32. Consequently, there is no restriction on ky imposed by the initial capital stock k. The

unique steady state of the system is k = 0 and since | eo |< 1 it is unstable, such that the only
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rational expectations equilibrium is the one where {l;tﬂ} =0Vt =0,...00. Therefore, given any
initial capital stock kg, there is an unique perfect foresight equilibrium which is also stationary.
The instability of the steady state allows the stochastic version of the difference equation (32) to

be forward stable such that there is an unique rational expectations equilibrium given by

ki1 = e1 By Z iriji | +esEy Zeégt-f-j-f-l (34)

=0 =0

Since 2441 = ¢°2 + &7y and Ey [¢441] = 0 and §s41 = ¢7g¢ +7,, and E; [éfH] =0 we have,

kipr = 0% By |y (¢%ea) 2| + ¢%e3Er | (%) G (35)

Jj=0 j=0

which can be expressed as

¢er n ez
17(75262 t 17¢g629t

This is the capital accumulation law of motion generated by the equilibrium conditions of the

ki1 = (36)

economy and using the linearized system of equations (28)—(44) all other variables can be expressed

in terms of 2, and §;. In particular®,

A= N3 — Nk, + X\, (37)

fip = biN 2 — by Nk + by NG, (38)
e =y 2+ y¥ke + v 00 (39)

Iy = P2+ 19, + 1Fky (40)

We investigate the effects of changing the long run share of investment goods in overall gov-

ernment purchases, 6, on the cyclical behavior of aggregate output y;, investment i;, consumption
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¢; and labor l; keeping the long run level of overall government expenditure g constant. Using the
expression for equilibrium output (39)derived in the appendix and ignoring the variations in the

stock of capital which are generally small,
o a\2 a\2
var(9) = (y7) o2 + (¥3)" o

since Cov(2, ,Z;’) =0, Cov(z,g) =0, Couv(g, ,Z;’) = 0. Consequently, the way output responds to the
exogenous shocks, 2; and g;, depends on the parameters y* and y9. These two parameters are
affected by 6. 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 choice of 6.

As noted in the discussion on the long run effects of changes in the share of public investment,
when 6 changes the price elasticity of the commodity also changes at the steady state also changes

since

E=Mn-0o)[A-9N +6g] +0

In particular, when (n— o) > 0, then an increase in # will increase the elasticity as long as
(€ —1) > (A—0g)(n — o) (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 in # 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 “flattening”
of the aggregate demand function. With a flatter demand function, exogenous shocks have a larger
effect on quantity than prices. Consequently, the variability in aggregate output 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 aversion 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.
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8.1 Cyclical Effects of 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 increased 6 analytically is still
too cumbersome. Instead, we use the parametric restrictions derived in the previous section
to simulate the effects. In these experiments we keep g constant at the long run average for
government purchases which is around 0.21. The steady state value of 6 is around 0.15 which
includes investment goods for defense. This implies that government investment is about 3.1

percent of GDP.

[Table 2 here]

We take as the benchmark the steady state implied by the parameter values enumerated in
Table 2 . The unresolved variables are n and o. However, given the procyclicality of markups as
discussed in the previous section we know that > o. In this region we consider two sets of values
for these variables {n = 2.75,0 = 2.65} and {n = 3.5,0 = 2.46}. In the first set the difference
between the two elasticities is small and in the second relatively large. For each set of parameters
we vary the 0 keeping ¢ constant at 0.21. A five percentage point increase (decrease) in 6 implies
a one percentage point increase(decrease) in share of government investment in GDP. The steady
state share of public investment, 1, is around 0.03. Tables 3a and 3b summarizes the effects of
changing this share by one percentage point or equivalently changing 6 from its steady state value

of 0.15 by five percentage points.

[Table 3a here]

When v is changed by 1 percentage point, the share of total investment A\ changes by more
than 1 percentage for both cases i.e., n and o are close to one another (Table 3a, column A) and 7
and o relatively far apart (Table 3a, column B). However, the multiplier effect is somewhat larger

when the two elasticities are further apart — the multiplier increases from 1.01054 to 1.01096. On
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the other hand, when n and o are close to one another, the effect on the steady state markup is
very small. The markup, p remains almost unchanged. This occurs because the average elasticity,
which determines the level of the markup, given by (n — o)\ + o is approximately constant at
o when n — ¢ is small. When the difference between 7 and o 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.

When n = 3.5 and 0 = 2.46, the effect of percentage increase in public investment leads to
almost half a percent increase in employment. If § was held constant at 0.15, to achieve the same
effect government expenditure as a percentage of output would have had to increase by 5 percentage
points, i.e., from 0.21 to about 0.26. Thus keeping the composition of public expenditure constant,
permanent increases in government spending permanently increases 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 effect on leisure.
An increase in government expenditure leads to a decline in private wealth and raises real interest
rates. Both these raise the marginal utility of wealth and causes labor supply to rise (Barro 1981).
However, in this environment the causality works from the demand side. With an increase in the
share of investment, the price elasticity of a firm’s output decreases causing the markup to fall
and consequently leading to an increase in labor demand (for a related analysis see Rotemberg

and Woodford 1992).

[Table 3b here]

The short run effects of permanently changing 6 are quite significant even when the difference
between p and o is small (column A, Table 3b). While the percent increase 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
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output the increase is by over 85 percent which increases to over 100 percent when the elasticities
are further apart. This increase in the variance of employment and output leads to a fall in
households’ welfare. The loss in welfare is around 0.03 percent. When the difference between the
two elasticities is larger, the loss of welfare increases as do the variances in output and employment
(column B, Table 3b). As discussed previously, an increase in the public investment increases the
elasticity and decreases the markup. While this leads to an increase in welfare due to efficiency
gains, the increase in elasticity also makes aggregate demand “flatter”. With a more flat demand,
adjustments in quantity (output and therefore employment) are larger than in prices. This increase

in volatility tends to decrease the level of welfare.

8.2 Correlation of Total Factor Productivity with Demand Shocks

Assume in this section that 2; = 0, so that the only exogenous shock to the system is g;. Letting

Ty = mf;i’ ~ In (%), total factor productivity is given by
. 1\ - 1Y .
G =y" (1—) ki +y? <1—)gt
K K
where y9 = 7<(1;ilg<‘>\-‘f. As long as the elasticity of A with respect to markup is negative,

a condition satisfied if 7 > ¢ — which is the same requirement to ensure that the markup is
procyclical — the Solow residual, §;, will be positively correlated to g;, namely the aggregate
demand shock. Consequently, in this economy if Solow residuals are measured in the standard
way i.e., the difference between actual output and the share weighted contribution of capital and
labor, it will be biased upwards as shocks such as g; that 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 argument 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.
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9 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 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 almost 0.07
percent and welfare by 0.8 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.
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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
0.03 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.

34



Cyclical Effects of the Composition of Government Purchases

Appendix

The linear approximation
The linearization of the following equations
d4¢ _(0-a) _(1-a)
Ty — AmZtan I TFac kt Hal _ (41)

__m=a)Mi+to
=N —(1—0)

=0 (42)

k
(A — Ogy)zy — ;:1 +(1-6)=0 (43)
t
i lltc:‘f
Zi41 ) T
kty1 — Ag S By || —— =0 (44)
Hiq1

resulted in

JAZt = ale’t - agﬂt - agl;’t (45)
[ty = by g (46)

R 1= 1. 6 . N
A = c—lkt+1 - C—lkt T + cags (47)
ki1 = di B, [Ze41 — frp ] (48)

a1 = a as = +—% b :("‘—5) (e=p) _A
1= (Thag)y 27 e BT Trad 17 \018) \(morto)” ) (-0)

e = 62 cy = (%)’ dy = (iﬁ)’ and (;,t:ﬂ‘;_@ for w =z, \, k, z,v,g. Note that at the

()
steady state (A — 1)) (#_%) = ;T(s&‘ Consequently,
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Since £ = (n — o)\ + o, the by becomes \ <%_%) From the definition of the elasticity of the
(0 —n)A

A
markup with respect to A, we know that &, = ﬁ

and (46) in (47) we have under the assumption that ¢; — dagby # 0

. Consequently, by = &,. Replacing (45)

N 1 ~ (1 - 6&3) ~ 6a1 N C1C2 N

A = _ _ 49
t C1 — 6a2b1 t+l C1 — 6a2b1 t C1 — 6&2[)1 2t C1 — 6&2[)1 gt ( )
Using the above and leading (46) by one period
N b ~ (]. — 6&3) ~ 6@1 N + C1C2 R
= —_ _ 72’ e
Mt+1 ! Cc1 — (5a2b1 2 Cc1 — (5a2b1 o+ Cc1 — 6&2[)1 o+ Cc1 — 6&2[)1 ge+1
Note that cicy = % . Replacing the above in (48) we have, provided ¢; — by (dy — 6) # 0,
ki1 = B [615t+1 + eakpya + e3du41 (50)
where,
_ difei+bi6(ar—as)]
e = T b (=)
_ dib _ &,
€2 = — c —b]l(dl'l —5) - cq —E:((Q] —5)
_ dicicab . dyicicaEy,
€3 = 7lelbl‘l(dzll5) - 761:5,1((;1L6)

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

Peq g Pes . k*—éba; (1 —baz) ., Kk9+cico

k’z: = — = fg =
17(]5262’ 17(]55762’ le(sagbl7 le(sagbl7 le6a2b1
. (040 -Ca-ap N\ 4 [al+Q+L=a)b XY (1= )by N
vy 1+ aC = 1+ ac T T T
¢ N ¢ k
> = 1—biN\°), 09 = — IF = b
T ac oA, T tac! T Trac @)

Proof of Lemma 2

Using the expression for dy, cjand b; one gets
(a_ﬁ) (o—m) i
p+o ((77—0)5\+0')Z
l-a (A as \ (__(o=n)
o(+¢) [1 (w5 -1) (%) ((mama)zﬂ

36




Cyclical Effects of the Composition of Government Purchases

L 5 (52) [1— (w55 1) (525) <ﬁ+%)>}
: () () (w27)

: ad —\ =
Using that fact that the steady state (m) (((77 3o ) ( ) €., we have

wo U ) el

Taking modulus, (L = 1 - 202 [1+ (ﬁ) L} If | ez |< 1, then | = [> 1ie, 1 -

(11— A 1
iTe |:1+(m) 5—“} > 1.

Proof of Proposition 3

, , §(1—a) ANINT e . e
Consider the expression for e5 = {1 — 1+ (= — . Since g, =
Eu

1+¢ A — 1 £(€-1)
_ _ _ -1
and § = (n—o)A+0o, using the steady state condition (A—¢)u = Ofﬁ, we get eg = Cy [ % ]

where C1 = (1= o)A+ 0 >0, Cp = E5ESS > 0 and C5 = Cs —

(p+o)(1—a) > (0. Now lf‘ €9 |> 1

p+5)

when 7 — ¢ > 0 then Cy > [W—C;%—&—Cg}. This implies that Co — C3 > orl fe. —2. > orl

n—o’ 7 (p+9) n—o
—1
which in turn results in n — o > C? (pa_-‘fﬁ) . Since, n — o = % — 0, the inequality can be
-1
rearranged as Q)\L —0o>C? (p“—_&) . Again using the steady state condition (A —)u = p"‘—_& and

rearranging the expression for optimal markup such that C; = (1 — i)_l, the inequality becomes

uCy — 2 (ﬁ) > po. Now if ¢ > 0 then u — Cy (ﬁ) >0 e, p— (;’j—l) (ﬁ) > 0. This

implies that > 1+ ﬁ Since ﬁ > 1 it implies that p > 2.
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Tables

Table 1. Sunspot Zones and Markups

" n o « es | sunspot
1.2 000-515 750-6.21 032 + yes
1.2 518-560 620-6.10 032 — yes
1.2 561-598 6.09-6.00 032 - no
1.2 6.00-30.0 599-000 032 + no
1.6 0.00-258 333—-27 047 + yes
1.6 259-261 269—-268 047 — yes
16 2.62-265 268—-267 047 — no
1.6 2.66—-1333 2.66—-0.00 047 + no
28 000—-153 194-156 074 + yes
2.8 1.53—-155 ~ 1.55 0.74 — yes
28 156-505 154—-068 074 + no
28 506—-778 067—-000 074 -+ yes
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Table 2. Parameters used in Simulations

Parameter description Value
B— household’s discount factor 0.99
¢— elasticity of labor supply 1

a— elasticity of capital usage 0.467
6— rate of depreciation of capital stock 0.016
\— steady state share of total investment in GDP 0.21
i— steady state markup 1.6
6— share of investment in government expenditure 0.15

g— steady state share of government expenditure in GDP | 0.21

¢°— serial correlation of technology shock 0.95
¢7— serial correlation of government expenditure shock 0.82
0,— standard deviation of technology shock 0.00763

04— standard deviation of government expenditure shock | 0.0241
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Table 3a. Steady State Effects of a One Percentage Change

in Public Investment*

A B

Percentage change in share of total investment-\ 1.054 1.096
Percentage change in markup-z —0.038 | —0.41
Percent change in capital-k 0.089 0.95

Percent change in employment-/ 0.044 0.476
Percent change in private consumption 0.058 0.625
Percent change in output-y 0.065 0.702
Percent change in welfare 0.82 0.502

*Column A corresponds to {f = 2.75,0 = 2.65}and column B to {n = 3.5, = 2.46}

Table 3b. Cyclical Effects of a One Percentage Change

in Public Investment*

A B
Percent change in variance of output due to 2 0.927 | 3.52
Percent change in variance of output due to g 85.16 | 100.41
Percent change in variance of employment due to 2 2.26 4.72
Percent change in variance of employment due to g 85.16 | 100.41
Percent change in households’ welfare —-0.03 | —0.05

*Column A corresponds to {n = 2.75,0 = 2.65}and column B to {n = 3.5,0 = 2.46}
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Notes

1. In particular, note that if an overall budget constraint is only imposed, i.e., ) Picy +

Zp,’fi’;t < Gy, then 0; = w.

2. Note that the elasticities of government’s consumption goods and investment goods expen-

ditures are the same as for individual agents i.e., the elasticities are o and 7.

3. The reason why such sunspot equilibria can exist is identical to that of Woodford (1991).
Without loss of generality assume that in period ¢ the realization of the sunspot is a positive
s¢. Furthermore, suppose all investors believe that the choice of l%t+2 will follow the rule
]%t+2 => =0 (é)j st—j+1. Then the positive realization of s; increases the expected value
of B, z:t_l’_Q. However, this also implies that investment in ¢+ 1 will need to be higher such that
E:y:+1 will be increased. In order to support a higher equilibrium output in ¢ + 1 investors
will then, as an optimal response, increase their desired capital stock in period ¢ i.e., ];HL
Consequently, the seemingly inconsistent behavior of l;:t_H = él%t + s; instead of l;:t_,_l = él%t

— as determined by the fundamentals of the environment — is justified.
4. This lemma is identical to the result in Gali (1994) except that it is modified to include .
5. See for example, Rotemberg and Woodford 1990, Bils, 1987.

6. The appendix lists the complete expressions for the different coefficients.
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