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IN THE LAST DECADE, a large literature has explored the ef-
fects of government spending in dynamic general equilibrium environments. Most
papers in this area are based on the one-sector neoclassical growth model with con-
stant returns to scale. For example, Aiyagari, Christiano, and Eichenbaum (1992)
and Baxter and King (1993) explore the responses of economic aggregates to tempo-
rary and permanent changes in government spending in this model, extending the
earlier work of Barro (1981, 1989) and Hall (1980). In these studies, the effects of
government spending stem mainly from its negative wealth effects. In response to a
temporary increase in government spending, employment and output rise while both
real wages and consumption fall. In addition, as Barro and King (1984) show, in a
model with constant returns and time separable utility, government spending shocks
generate a negative relationship between consumption and hours worked. These
findings have been seen as difficult to reconcile with observed co-movements in ag-
gregate variables. For example, it has been recognized since Dunlop (1938) and Tar-
shis (1939) that the negative relationship between real wages and employment is not
present in the data. Also, it is a well-documented observation that consumption and
employment move together over the business cycle.

This paper explores the effects of government spending in a model with increas-
ing returns and monopolistic competition. We find that changes in government
spending may have markedly different effects in this economy than in the neoclassi-

The authors thank two anonymous referees for helpful comments, and the Social Sciences and
Humanities Research Council of Canada for financial support.

MICHAEL B. DEVEREUX is professor of economics at the University of British Columbia.
ALLEN C. HEAD and BEVERLY J. LAPHAM are assistant professors of economics at Queen's
University.

Journal of Money, Credit, and Banking, Vol. 28, No. 2 (May 1996)
Copyright 1996 by The Ohio State University Press

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



234 : MONEY. CREDIT, AND BANKING

cal model with constant returns. Our findings stem mainly from the fact that in our
economy an increase in the level of government spending results in an endogenous
increase in total factor productivity in spite of the fact that the spending itself is
entirely wasteful. If this increase in productivity is great enough, a government
spending shock may result in simultaneous increases in output, employment, wages,
and consumption. Motivation for a link between government spending and total fac-
tor productivity in the United States has been provided by Evans (1992) and Hall
(1990). Both of these studies have found that a standard measure of total factor pro-
ductivity, the Solow residual, is not invariant to changes in the level of government
spending. Similar results have been found for France and the United Kingdom by
Ravn (1992).

In our model monopolistically competitive firms supply intermediate goods under
conditions of free entry. Intermediate goods are used to produce a single final good.
The productivity of any one intermediate good depends positively on the total num-
ber of intermediates in use. This specification reflects a type of “increasing returns
to specialization” commonly used in international trade theory and endogenous
growth theory. In the presence of returns to specialization, fluctuations in govern-
ment demand for the final good generate movements in total factor productivity by
changing the equilibrium number of firms operating in the intermediate goods in-
dustry. This is a simple way of capturing the spirit of a “thick market” effect as
described by Diamond (1982) and Hall (1992). In the model, periods of high output
coincide with entry of new firms and high productivity, whereas when output is low,
firms exit, and productivity is low. In addition, the procyclical behavior of net entry
of new firms is a noted business cycle feature in the U.S. economy (for example,
Audretsch and Acs 1992 and Chatterjee, Cooper, and Ravikumar 1993). Davis and
Haltiwangar (1990) also show that firm entry and exit have significant impact on
labor fluctuations. For the period 1972-86 they estimate that annually 25 percent of
gross job destruction and 20 percent of gross job creation in U.S. manufacturing can
be attributed to establishment deaths and births, respectively.

We consider the effects of both permanent (steady-state) changes in the share of
government spending in aggregate output and temporary shocks to the level of gov-
ernment spending in a neighborhood of the steady state. The results depend crit-
ically on the magnitude of the markup of price over marginal cost, which in our
model determines the degree of returns to specialization. Since we are interested in
the qualitative effects of increasing returns on the effects of government spending
shocks in equilibrium, we perform our analysis for a range of markups.

We find that a steady-state change in the share of government spending in output
has substantially different effects in the presence of returns to specialization than in
the standard model. In particular, the steady-state real wage is increasing in the
share of government in output for any degree of increasing returns. In addition, if
labor supply is sufficiently elastic, then steady-state consumption is also positively
related to the share of government in output in the presence of increasing returns.
Thus government spending will crowd in long-run private consumption. In contrast,
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under constant returns the real wage is invariant to changes in the steady-state share
of government spending in output, and private consumption is nonincreasing in this
share. Qualitatively, these results depend only on the existence of returns to special-
ization, not on their magnitude.

We also compute the dynamic responses of the economy to temporary govern-
ment spending shocks for a range of values of returns to specialization. If increasing
returns are sufficiently large, then even a purely transitory shock to government
spending can lead to simultaneous increases in output, consumption, investment,
and the real wage. With lesser degrees of returns to specialization, the impact of
government spending will be to increase output, investment, and the real wage, but
to reduce aggregate consumption. These findings contrast with the case of constant
returns, in which government spending shocks must be very persistent if they are to
produce increases in investment on impact, and in which no degree of persistence is
sufficient to produce an increase in consumption or the real wage.

Our results are driven by the endogenous response of total factor productivity to a
change in government spending. An expansion in government spending leads to an
increase in labor supply at given factor prices. Holding the number of intermediate
goods producers fixed, this would lead to a fall in the real wage and a rise in prof-
itability for each firm. With free entry, however, enhanced profit opportunities
precipitate the entry of a new group of intermediate producers, increasing the pro-
ductivity of all intermediate goods. If this effect is strong enough, both employment
and the real wage will rise. Moreover, in this case consumption and employment
can move in the same direction in response to an aggregate demand shock alone.
Because total factor productivity increases in response to the shock, the increase in
the real wage facing each worker can lead to a substitution out of leisure and into
consumption. The crucial issue is that the effects of the aggregate demand shock on
productivity must be strong enough to produce a sufficient increase in the real wage.

The model then is capable of producing positive co-movements between real
wages and hours worked and between consumption and hours worked, in an envi-
ronment with only demand shocks. For these implications, however, the required
markups are quite high. While not strong enough to generate either multiple equi-
libria or endogenous growth, they are larger than recent empirical evidence suggests
are realistic for U.S. manufacturing. In addition, they require that the quantitative
response of output to a government spending shock be higher than suggested by
empirical evidence. With smaller returns to specialization (associated with markups
that fall within the range of the recent estimates), however, the effects of govern-
ment spending shocks on both output and real wages differ from those predicted by
the standard model with constant returns and are more in line with those found in
recent empirical studies.

This paper is related to a growing literature on the presence of increasing returns
and imperfect competition in dynamic general equilibrium models. Baxter and King
(1991) develop a real business cycle model in which the presence of spillovers at the
aggregate level generate increasing returns in a Marshallian sense. They explore the
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response of the aggregate economy to taste shocks. Rotemberg and Woodford
(1993) examine the impact of government spending shocks in an imperfectly com-
petitive general equilibrium economy without free entry.

The rest of the paper is organized as follows. The economy is described in section
1. Section 2 characterizes the deterministic steady state. Section 3 analyzes the
model’s dynamics in a neighborhood of the steady state and considers the effects of
temporary shocks to government spending. Section 4 concludes.

1. THE ECONOMY

There is a single final good that can be consumed or invested, as in the standard
neoclassical model. It is produced through the use of a range of differentiated inter-
mediate inputs. Let m;, be the quantity of input i used in production of the final
good. The final good production technology is given by

l/p

N,
Y, = f mP di pE 1) (1)
0

where N, represents the measure of intermediate inputs produced at time ¢. The two-
sector representation follows Hornstein (1993) with the modification that the variety
of intermediate goods is not assumed to be constant. Note that if all intermediates
are hired in the same quantity, m, then final output is given by ¥ = N'?m. Thus,
there are constant returns to the quantity employed of a fixed variety of intermediate
goods, but increasing returns to an expansion of variety, holding fixed the quantity
employed of each intermediate. We refer to this type of increasing return as returns
to specialization. The degree of returns to specialization is equal to 1/p, where the
parameter p governs the elasticity of substitution between any two intermediate in-
puts in final goods production. This form of increasing returns has been employed in
a variety of settings, for example in international trade theory by Ethier (1982) and
Krugman (1979) and in the theory of endogenous growth by Romer (1987).

Each intermediate input is produced by a monopolist using a symmetric tech-
nology:'

Yi€[0.N,]. m,=zkSh, “—db, «a€@© 1, $>0. ()

Here k;, and k,, represent the capital and labor hired by intermediate producer 7, and
z is a constant technology parameter. Here ¢ is an amount which must be produced

L. The model could alternatively be reinterpreted as one in which each monopolist produces a differ-
entiated final good, and consumption and investment are “‘composites” represented by aggregators over
the differentiated final goods. Rotemberg and Woodford (1993) take that interpretation in their model
(without entry or exit). Under this reinterpretation, final output would be ¢ p,m, di. From the results
below, it can easily be shown that in a symmetric equilibrium, this definition of final output is equivalent
to (1).
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to cover a fixed cost of production, before any sales are made to the final goods
sector.

Capital is accumulated by means of a standard intertemporal technology. The law
of motion for the aggregate capital stock, K, is given by

K.o=(0-3K, +X, (3)

where & is the depreciation rate and X, denotes investment in units of final good at
time .

There is a unit measure of identical households in the economy. A representative
household has period preferences over individual consumption, ¢, and leisure,
L — h,, given by

U, L—h)=1logé + V(L —h), @)

where a = (tilde) denotes a per capita quantity. Here L is the fixed endowment of
time, A, is hours worked, and the function V satisfies V'(-) > 0, and V"(-) < 0.
Lifetime utility of a representative household is then given by

E 2 BUE,L-h) BEOI). )
=0

The government is assumed to purchase an amount G, of the final good in each peri-
od. G will follow a first-order autoregressive process,

G,=(1-v)G+vG,_, +¢ yeE@©1), 6)
where ¢, is an iid shock. Government spending will be financed solely with a lump
sum tax, 7,, and we assume without loss of generality that G , = 7, for all 7. Since our
intention is to isolate the impact of changes in the level of government spending, we
abstract from all issues associated with alternative means of government financing.

We consider a symmetric recursive equilibrium. The aggregate state variables for
the economy are the aggregate capital stock, K, and level of government con-
sumption, G. Households rent capital and labor to intermediate goods producers in
competitive factor markets. Intermediate goods producers sell their differentiated
products to an arbitrary number of identical final goods producers under conditions
of monopolistic competition with free entry. Final goods producers sell output com-
petitively to households, which make a dynamic consumption-investment decision.
To characterize the equilibrium we proceed as follows. First, the conditions for stat-
ic profit maximization on the part of final and intermediate goods producers, factor
market clearing conditions, and the free entry condition for intermediate goods pro-
ducers are used to derive equilibrium factor prices and the measure of intermediates
as functions of the aggregate state and choice variables. These relationships, togeth-
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er with the equilibrium requirement that aggregate behavior be consistent with in-
dividual household choices, are then imposed on the solution of the household
intertemporal utility maximization problem to obtain the equilibrium.

Since both final and intermediate goods producers face static profit maximization
problems, time subscripts are suppressed whenever possible in the following discus-
sion. The final goods producer is a competitive price taker, with a cost function
given by

N (p=1Yp
CpY.p) =Y U} p?"""’di] : (7

where p is the exact input price index. At the optimum, price must equal unit cost.
Choosing the final good as the numeraire, in equilibrium we have

N (p—1vp
1= UO p;’“"‘“di] . (8)

The cost function for a representative intermediate producer is

C,(w,r,m)=Ar"w

-l 8) ©)

where A = (1 — o) '"%a~*. Given (8), each intermediate good firm faces a de-
mand curve with constant elasticity 1/(1 — p). Profit maximization implies the con-
stant mark-up rule

- (1) (2220).

Conditional factor demands of a representative intermediate producer are given by

k= Aa(r/w)u"(ij—ﬂ (1
and
h= A(l — a)(r/w)“(-’f—“;—@ . (12)

Finally, free entry into the intermediate sector forces profits to be zero in each
period,

pm = Arew! =9 (13)
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Since all intermediate goods are produced with identical technologies and enter the
final goods technology symmetrically, we focus only on a symmetric equilibrium in
which intermediate firms have identical pricing policies. Under symmetry, (8)
implies

p = N(]*P)/P . (14)
If K and H denote the aggregate capital stock and aggregate labor supply respec-

tively, then factor market clearing requires K = Nk and H = Nh. Using these, along
with (10)-(14), we may solve for equilibrium w, r, and N, as functions of K and H:

w(K. H) = (1 — a)AzV/PKPH e~ (15)
HK. H) = aAzVPK @0 IHA- (16)
z(l — a I—a
N(K. H) = (T")K H (17)
1 —p\ti-prp . . . o
where A = p 5 . With our specification, all variation in aggregate out-

put is due to entry and exit, as output per firm is unaffected by changes in the aggre-
gate state.? Note also, that neither factor prices nor the equilibrium number of
varieties (or intermediate goods prices) are affected by the level of government
spending except through its effect on the aggregate capital stock and level of em-
ployment. Since in equilibrium aggregate employment will be a function of the ag-
gregate state, (14)—(17) give factor prices and varieties as functions of the aggregate
state.

Equations (15) and (16) depict relationships between factor prices and factor em-
ployment that satisfy factor market clearing and zero profits in the intermediate in-
dustry, whereas equations (11) and (12) represent factor demand curves for a single
firm. It is important to note that (15) and (16) are not merely aggregated versions of
(11) and (12). In particular if we aggregate (12) with N fixed, combine the result
with (2), (10), and (14), and rearrange, we can write

wy (K, H; N) = p(1 — )N P zKoH —o (18)

Given N, we can consider (18) an aggregate labor demand function and compare it
to (15) which represents a locus of equilibrium combinations of w and H, incor-
porating the equilibrium condition that the number of intermediate goods give rise
to zero profits. First note that the two equations differ for p < 1, but become identi-
cal as p — . Recall that 1/p is the degree of returns to specialization. While the

2. This implication is, of course, at odds with the fact that output per firm does vary over time. It
could be weakened by allowing investment goods and consumption goods to be produced with different

technologies. as does Gali (1994). This modification would not affect the qualitative relationship between
the overall degree of returns to specialization and the effects of government spending.
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“labor demand” function (18) will always be downward sloping, the wage-hours
locus (15) will have a lesser slope (in absolute value) when p < 1 and will be upward
sloping if the degree of increasing returns is high enough, that is, if p < 1 — «a.
The explanation for the divergence of (15) from (18) lies in the fact that firm entry in
the presence of increasing returns to specialization results in an endogenous increase
in total factor productivity. For any one firm, labor demand is downward sloping, as
the firm does not choose N. But for the sector as a whole, increased employment
(through entry) raises the productivity of labor. This raises the relative price of the
good facing each firm through the variety effect, as can be seen from (14). Both of
these effects shift the individual labor demand curves outward, and may cause equi-
librium wages and employment to be positively related.

To better understand the endogenous productivity effect that drives these results,
note that using (1) and (18), final output in equilibrium may be written as

Y = pN(l~-»p)/‘p(ZKuH]—cx) — A(ZKaHl—a)l/p . (19)

The first equality indicates that. at the aggregate level, N'' “?"? may be treated as a
productivity measure. Output is a constant returns function of primary factors, for a
given measure of intermediates. Movements in the number of firms, however, shift
the relationship between equilibrium output and primary factor employment and
may be thought of as an endogenous productivity response to any impulse that
causes the number of firms to change.? Changes in government spending will pro-
voke fluctuations in the number of firms as variations in aggregate demand create
opportunities for profits or losses, causing firms to enter or exit, respectively.

The implications for the relationship between wages and hours can be clarified
with labor market diagrams analogous to those used by Rotemberg and Woodford
(1991). Hansen and Wright (1992), and others. We define the labor supply function
as the schedule that relates hours to the real wage holding consumption constant.
Figure la illustrates the case of constant returns. In this case, the aggregate labor
demand function and the wage-hours locus coincide. A rise in government spending
will reduce consumption, shift out the labor supply function, and cause wages to
fall, while hours rise. Therefore, demand shocks will lead to a negative relationship
between hours and wages. Figure 1b illustrates equilibrium effects in the presence
of a relatively small markup (I — o < p << 1). In this case, the aggregate labor
demand schedule given by equation (18) is steeper than the wage-hours locus given
by equation (15). In response to the endogenous increase in productivity resulting
from entry, each firm’s labor demand schedule shifts out. But, as in the model with-
out increasing returns, wages and hours will be negatively related, although wages
fall by less than in an economy with constant returns.

Figures Ic and 1d illustrate the case of large markups (p < | — a). In both fig-
ures, the aggregate wage-hours locus is upward sloping. As the figures suggest, de-

3. Baxter and King (1991) examine a model in which there are increasing returns to scale due to
external spillovers across perfectly competitive firms. In their model, taste shocks also generate an en-
dogenous productivity movement.
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FiG. 1. The Labor Market

pending on preferences and the degree of increasing returns, the wage-hours locus
may intersect the labor supply function from above or from below. In the former
case (Figure Ic), an outward shift in the labor supply curve leads to increases in both
employment and the real wage. In the latter case (Figure 1d), an expansion in gov-
ernment spending also raises private consumption. Effectively, the labor supply
curve shifts leftward (to LS"). This also leads to a rise in employment and the real
wage. This phenomenon is further discussed in section 3 below.*

While our discussion has focused on the aggregate labor demand schedule, equa-
tion (14), returns to specialization also affect the aggregate capital demand sched-

4. Benhabib and Farmer (1992) emphasize the relationship between a wage-hours locus (14) which
cuts the labor supply curve from below and multiplicity of equilibria. They show that in this case there
may be multiple rational expectations equilibrium paths-—the linear approximate dynamic system is a
sink rather than a saddle. To maintain comparability to the standard neoclassical model, we restrict atten-
tion to cases where the linear approximate solution to the model is a saddle path, and therefore, the issue
of indeterminacy does not arise.
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ule. For this locus to be upward sloping, however, we would have to have much
larger increasing returns, (p < o). With increasing returns of this magnitude, there
would be more than constant returns to the factor that could be accumulated (that is,
capital) resulting in endogenous growth (see Romer 1987). In this study, we focus
on increasing returns that are “small” in the theoretical sense that they are not suffi-
cient to generate endogenous growth. Thus we require p > a.

We now consider the utility maximization problem of the representative house-
hold. Taking prices as given, the household maximizes utility through the choice of
consumption, capital accumulation, and hours worked subject to its budget con-
straint and the laws of motion of the household state variables. The household’s
state includes the aggregate state variables, K, and G,, and its household capital, &,.
The household’s Bellman equation can be written:

viK,. G, k) = max {U(¢, h) + BEV(K,\. Gy ko))

éhy %,
subject to

¢+ K

1

.= w(K,, H)h, + r(K, H)k, — G,

k. = (1 -8k +%
K., = (1 — K, + X,
H, = H(, G))
X, = XK, G,)

Gy =76, + (1 - YG + €1

where w(K,, H,) and r(K,, H,) are given by (15) and (16), respectively.

A symmetric recursive equilibrium is a collection of individual policy functions,
éK, G, k),h(K, G,k,), %K, G, k); aggregate policy functions, C(K,, G,), H(K,,
G,), X(K,, G,); and a value function, v(K,, G,, k,), such that:

i. v(K, G,k),CK, G,),H(K, G,),and X(K,, G,) solve the dynamic program-
ming problem with é¢(X,, G,, k,), A(K,, G, k,), and ¥(K,, G,, k,) the associated
policy functions.

. C(K, G, = ¢k, G, K,)

H(K, G,) =h(, G, K,
X, G)=xK, G, K,

The first-order conditions for the household utility maximization, together with
equilibrium condition ii give rise to the following nonlinear dynamic system in ag-
gregate variables:
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w(K, H,) =V (L-H,)C,; (20)
C'=BEC MK ey Hipy) + 1 - 8] (21)
C,+ K. —(1— 8K, +G,=A@EKEH] " (22)

This system of nonlinear stochastic difference equations cannot be solved analyt-
ically. The solution is characterized using standard numerical techniques in sec-

tion 3.

2. THE DETERMINISTIC STEADY STATE

We begin by deriving the deterministic steady state for the economy. This analy-
sis serves two purposes. First it enables us to analyze the long-run effects of perma-
nent changes in the level of government spending. Second, it is necessary for the
derivation of the economy’s dynamic responses to temporary government spending
shocks, which are considered in the next section.

To facilitate the exposition of this section, let government purchases in the deter-

ministic steady state be governed by the following rule:
G =Y. (23)
We may then write the deterministic steady-state interest rate as

7"='B‘—(l~§). (24)
The following steady-state relationships may then be derived:

% = g (25)

Gee- (26)

VL - H) = d-o 27)

A= 6 = ()7l

Thus the interest rate, the capital-output ratio, and the consumption-output ratio are
determined by preference and technology parameters and the steady-state share of
government expenditure in output, 6. Equation (27) implicitly determines H, the
steady-state level of hours worked. Given H, the steady-state capital stock can be
calculated using (24) and (25). The steady-state wage and consumption are then cal-
culated using (15) and (26).
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We now consider the impact on the steady state of a permanent change in the
share of government spending, 8. From (27), we see that the impact of a permanent
rise in 6 on steady-state labor supply in our economy is

dlog H _ 0
dlog 9

>0, (28)

H

I iy
(I — 0 — ad/F) ()'L s
where o = ( _7~ ) (L — H) = 0. Note that the permanent response of hours to
changes in the share of government spending in GNP is independent of the markup
parameter. p. The response is exactly the same in this economy as in one with con-
stant returns. This equivalence does not carry over to the non-steady-state analysis
conducted in the next section.

Using (15), (25), and (26), we derive the impact of a change in 6 on steady-state
values for the capital stock, output, the wage, and consumption.

dlog K [l—a]dlogﬁ

= —_— —_— > .
dlog 6 p—al dlog 0; (29)
dlog ¥ [1—aJdlogH

= —>0:
dTog®  Lp—ol diogs = 0° (30)
dlogW_[l—p_ldlogH )
dlog 6 p—al dlog =0; 3D
a’logCilil-a_l_ oH ]dlogH (32)
dlog 8 p—a (L—H)1 dlog9

Consider first (29) and (30). Since p > «, it is apparent that both the long-run capital
stock and output will rise in response to an increase in the share of government.
Furthermore, with p < 1, the response of both the capital stock and output will be
more than proportional to the response of hours worked. Intuitively, with the mar-
ginal product of capital constant in the long run [cf. (24)], a steady-state increase in
hours must be accompanied by an increase in the capital stock. When p < 1, the rise
in the endogenous component of productivity requires a greater than proportional
increase of the capital stock to keep the return to capital constant. Since the “crowd-
ing in” of capital is greater than the increase in hours, the long-run real wage must
increase for any value of p less than unity. As can be seen from (31), this contrasts
with the case of constant returns (p = 1) in which the long-run real wage is invariant
to changes in 6.

Equation (32) describes the impact of government spending on long-run con-
sumption. Note that this relationship depends not only on the markup, but also on
the parameter o, which governs the labor supply elasticity. When p = 1, and o is
positive and finite, steady-state consumption is negatively related to the share of
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government in output. With p < |, however, this may be reversed, for o sufficiently
small. Thus, if labor supply is sufficiently elastic, an increase in the steady-state
share of government in output will crowd in private consumption.

3. LOCAL DYNAMICS AND TEMPORARY CHANGES IN GOVERNMENT SPENDING

In this section we describe the model’s local dynamics and analyze the response
of the economy to government spending shocks in a neighborhood of the determin-
istic steady state. As the model does not admit an analytical solution for the full
dynamic path, the approximate linear solution is derived using the method of King,
Plosser, and Rebelo (1988). This solution is derived by linearizing the system (20)-
(22) in a neighborhood of the deterministic steady state. The linearized system has a
unique rational expectations solution so long as the dynamics satisfy the saddle-path
condition. In an economy with constant returns, this property will always hold,
since the equilibrium is equivalent to a social planning solution. But with increasing
returns, the saddle-path condition is no longer guaranteed and must be checked for
each parameterization (see footnote 4).

The effects of temporary shocks to government spending in a neighborhood of the
deterministic steady state are illustrated in a series of computational experiments.
We consider the responses of aggregate output, consumption, investment, real
wages, and interest rates to a one-time government spending shock equal to 1 per-
cent of total output.

Insight into the dynamic properties of the model can be gained by considering
(20) in linearized form.

A_>l Qs A
H—AQ{pK C], (33)

where

H l—a]
== -+ e ——
0 [[ L-A p ’

and Z = (Z — Z)/Z denotes the percentage deviation of the variable Z from its
steady-state value. The response of hours to capital and consumption movements
along a dynamic path is governed by the sign of (). With constant returns to special-
ization, (p = 1), & > 0, and the model has the general implication that holding
capital and the technology process constant, consumption and hours are negatively
related. This point was emphasized by Barro and King (1984) for a general class of
dynamic models with intertemporal separability in preferences. It is possible, how-
ever, to have {) < 0 and consumption and hours positively related when increasing
returns are sufficiently large. For o = 0, (totally elastic labor supply) the require-
ment that 2 < O is that p < | — «. The case in which £2 < 0 corresponds to Figure
1d in which the wage-hours locus intersects the labor supply curve from below. In

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



246 : MONEY. CREDIT. AND BANKING

this case, the negative wealth effects of tax increases arising from the increase in
government spending are dominated by the positive wealth effects of the rise in pro-
ductivity and wages due to increasing returns. With less-elastic labor supply (o >
0), a larger degree of returns to specialization is required for government spending
to crowd in consumption in the short run. Thus for a given degree of returns to
specialization, the labor supply elasticity can determine whether Figure 1c or Figure
1d is relevant for analysis of the effect of a temporary government spending shock.

To conduct computational experiments it is necessary to choose values for the
model’s parameters. We do not interpret this as a calibration exercise because the
simplifying assumptions we have made make it very difficult to match our model
exactly to empirical studies that have estimated the degree of returns to specializa-
tion, 1/p. We have used simple technologies, and have also chosen a particular two-
sector representation of the economy because we feel it facilitates exposition.>
Rather than attempting to calibrate the model fully, we consider a range of markups
and illustrate the relationship between returns to specialization and the qualitative
effects of temporary shocks to government spending in equilibrium. Our markups
are taken from the low (that is, zero), middle, and upper ranges of those estimated in
the empirical literature. Parameters other than the markup ratio are taken from pre-
vious studies in the real business cycle literature to facilitate comparisons.

Three parameters are taken directly from previous studies. We interpret a period
in our model as one year, and so we set 3 =. 96 and 8 = .1, as these are the annu-
alized equivalents of the values used throughout the real business cycle literature
(for example, Hansen 1985). For the labor share parameter, (1 — a), we choose .71,
following Greenwood, Hercowitz, and Huffman (1988).¢ We choose the indivisible
labor formulation of Hansen (1985) and Rogerson (1988). This corresponds to the
following functional form for V(-):

VIL—hy=n(L —h) . (34)

Following Hansen (1985) we set 1 = 3.78 so that households devote 30 percent of
their time endowment to working in the deterministic steady state. The fixed cost ¢
plays no role in the dynamics of the model, so it is set to unity.”

Another category of parameters to be chosen determines the level and dynamic
path of government spending. Following Baxter and King (1993), we set the ratio of
government spending to output in the steady state at 20 percent, that is, 6 = .2, as
this coincides with the average share of government purchases in U.S. GNP for the

5. For example. it is our assumption that final goods are produced using only intermediate inputs that
causes the markup ratio to be equal to the degree of returns to specialization. (See also footnote 1.)

6. The choice of this parameter makes a difference in our results, since the wage-hours locus (14) is
upward sloping for cases in which p < | — a. If this parameter were set to .64 following, for example,
Hansen (1985), then this restriction would not be satisfied for any of the markups that we consider. Qur
high markup would have to be increased slightly to illustrate the relationships that we want to highlight.
For illustrative purposes, we find it easier to use the value from Greenwood, Hercowitz. and Huffman
(1988).

7. Were we to exclude entry and exit in the model, the fixed costs would be important for the dynamics
of the economy. See Rotemberg and Woodford (1993).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



MICHAEL B. DEVEREUX, ALLEN C. HEAD. AND BEVERLY J. LAPHAM 247

period 1960-89. Our temporary shocks are modeled as one-time innovations to a
first-order autoregressive process, that is, equation (6). It has been shown [for ex-
ample, by Aiyagari, Christiano, and Eichenbaum (1992)} that the aggregate effects
of temporary government spending shocks in a model with constant returns are
strongly affected by the persistence of the shock. We therefore consider two possi-
bilities for the persistence of a disturbance to government spending. First we consid-
er a case in which y = .6, to capture the effects of a change in government spending
that is relatively short lived. Then we consider the case of y = .95, the estimate
reported from U.S. data by Christiano and Eichenbaum (1992).

In our economy, the degree of returns to specialization is equal to the markup.
There is a large literature on the estimation of markups, and the estimates have
ranged widely. Hall (1990) estimates markup rates ranging from 1.5 to 4. More re-
cent estimates by Basu and Fernald (1993) have corrected Hall’s estimates for the
bias inherent in using value-added data. Using gross output data, they report a much
lower range of markups, ranging from 1.15 to 1.23. Morrison (1990) also estimates
markups for U.S. total manufacturing and for seventeen two-digit manufacturing
industries using gross output data. Her estimate for total U.S. manufacturing is
1.197, and her estimates for the two-digit industries range from 1.186 to 1.695.
Domowitz, Hubbard, and Peterson (1988) also estimate markups for nineteen two-
digit U.S. manufacturing industries, reporting estimates ranging from 1.198 to
1.513. Finally, a recent study by Chirinko and Fazzari (1994), estimates markups
using firm-level data in eleven four-digit U.S. manufacturing industries. Their esti-
mates of the average markup range from 1 to 1.45.

As noted above, none of these studies can be used directly to calibrate the markup
in our model since the estimated markups in all of them depend on particular as-
sumptions about technologies and market structure, none of which are exactly repli-
cated in our environment. Therefore, we report results for a range of markup values.
We consider three markup levels we consider: a zero markup (p = 1); a “small”
markup (p = .83, markup ratio approximately 1.2); and a “large” markup (p = .66,
markup ratio approximately 1.5 ). The “small” markup corresponds roughly to those
estimated by Basu and Fernald (1993) and Morrison (1990) for U.S. manufacturing.
In this case, there are increasing returns to specialization, but sincep>1 — a,
the equilibrium wage-hours locus remains downward sloping. This corresponds to
Figure 1b. Our large markup remains in the range estimated for two and four-digit
U.S. industries in the studies cited above. In this case p < | — «, so the wage-hours
locus is upward sloping. Furthermore, given the indivisible labor formulation, the
labor supply curve cuts the wage-hours locus from below. This corresponds to Fig-
ure 1d.

Figure 2 presents the dynamic responses of aggregates to a shock to government
spending equal to 1 percent of GNP in the low persistence (y = .6) case. Each panel
of the figure illustrates the impulse response of a given variable for each of the three
markups considered. The zero markup case may be interpreted as a benchmark,
against which the effects of increasing returns can be compared. The results for this
case are familiar from the literature. Government spending shocks lead to a fall in
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FiG. 2. Responsc to a Temporary Shock: Low Persistence

consumption, which shifts the labor supply curve outward, increasing employment
and reducing the real wage.® The expansion in employment raises output. The be-
havior of investment depends upon both the response of the interest rate and of ex-
pected future employment. Some intuition is provided by considering the equation
that governs the initial response of investment to a fiscal spending shock (at time 1)
in the linear approximation:

f 1 [l —a s }
= (1 —a/p)1 — B(I — 6))E' p Hy =R,

(35)

where R, | is the percentage deviation of the interest rate from its deterministic
steady-state value. As Figure 2 illustrates, both the interest rate and employment
increase following the government spending shock, and so the direction of the in-
vestment response is ambiguous. In the constant returns benchmark, the effect of
the interest rate dominates, and investment falls (Figure 2¢).

Increasing the degree of returns to specialization strengthens the expansionary
impact of the spending shock on output. With a markup of 1.2, consumption falls
by less and both hours worked and output rise by more in response to the shock.

8. Note that the percentage responses of consumption and the real wage are the same in the indivisible
labor mode!.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



MICHAEL B. DEVEREUX. ALLEN C. HEAD. AND BEVERLY J LAPHAM : 249

Returning to Figure b, with the “small” markup, the economy moves along a WH
locus which is flatter than the labor demand curve. The effect of the outward shift in
the labor supply curve due to the wealth effect of government spending is partially
counteracted by an endogenous increase in productivity that results from entry of
intermediate goods producers. Thus employment rises by more than it does under
constant returns in spite of the fact that the wage falls by less. Since consumption
falls on impact and is everywhere growing during the transition, the interest rate
converges monotonically to the steady state from above.

In the small markup case, investment responds positively to the shock. Returning
to (35), the relatively large response of hours worked now dominates the rise in the
interest rate, and investment increases. Since this result hinges on the size of the
employment response, it is clear that the labor supply elasticity plays a crucial role.
Returning to (33), we see that ceteris paribus an increase in o will reduce the re-
sponse of hours worked to a spending shock. Therefore, the indivisible labor formu-
lation considered here provides an upper bound of this response for a given degree
of returns to specialization. With a sufficiently small labor supply elasticity, a mark-
up of 1.2 would not be sufficient to generate a positive investment response. In this
case, the responses of output, employment, consumption. wages, and interest rates
would all be unchanged in direction relative to the constant returns benchmark. The
only effects of returns to specialization would be quantitative: the positive responses
of output, employment, and the interest rate would all be accentuated, while the
negative responses of wages and consumption would be muted.

With a markup of 1.5, the expansionary effect of the shock on output becomes
sufficiently large to change several features of the impulse responses. The output
response is more than twice as large as in the constant returns model, and as a result,
both consumption and the real wage rise immediately following the shock. Intu-
itively, the negative wealth effect of increased taxation on households is now more
than offset by the extent of the endogenous increase in total factor productivity com-
ing from the entry of new firms following the spending increase. Households con-
sume more, and, due to the rise in the real wage, substitute out of leisure. The extent
of the increase in hours worked leads to a sharp increase in investment. The re-
sponse of the real interest rate is also affected, reflecting the different response of
consumption. While the real interest rate initially rises, it falls quickly due to the
sharp increase in investment and drops below its steady-state level after three peri-
ods. With sufficiently strong returns to specialization, consumption peaks after a
few periods and then falls through time back to its steady-state. Falling consumption
is associated with an interest rate below its steady state level.

Overall, with returns to specialization of sufficient magnitude, a fiscal spending
shock can lead to a simultaneous expansion in output, consumption, investment, the
real wage, and employment. Thus, the qualitative effects of aggregate demand dis-
turbances on the economy may be changed considerably by the presence of returns
to specialization. How large increasing returns must be to cause these changes again
depends in part on the elasticity of labor supply. The Hansen-Rogerson case gives us
a lower bound on the degree of increasing returns needed for a shock of particular
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duration to generate these effects. With less-elastic labor supply, increasing returns
of this magnitude result in an increase in output, employment, and the real wage,
but a fall in both consumption and investment.” This would correspond to the case
of Figure lc.

We now consider a highly persistent increase in government spending in the pres-
ence of returns to specialization (y = .95). The results are presented in Figure 3.
With a zero markup, the negative wealth effect on consumption leads to a substan-
tial rise in employment, which generates a rise in investment. Moreover, for any
markup, the output response is both higher and more persistent than before. This is
in accordance with the findings of Aiyagari, Christiano, and Eichenbaum (1992)
who show that as the persistence of government spending shocks is increased, the
expansionary effects of a given shock increase markedly. The negative wealth effect
of the tax rises with the persistence of the shock. Thus, labor supply responds by
more, causing a larger fall in the real wage. With sufficient persistence, a positive
response of investment results.

In our small markup case, while investment responds positively, consumption
and the wage initially fall. The gradual increase in the capital stock, however, leads
both consumption and the real wage to rise above their initial steady-state level
during the transition. Thus, even for relatively modest returns to specialization, a
persistent government spending increase may raise the real wage and crowd in con-
sumption. This effect, however, will occur with a lag, not in the same period as the
spending shock.

With large markups, the responses of output are similar to those depicted in Fig-
ure 2a, with the only difference being that the response of output is significantly
stronger than before. Both consumption and the real wage now rise immediately.
Throughout Figure 3, the dynamic responses in the high markup case are quali-
tatively similar to the corresponding responses in Figure 2. Evidently the increase in
persistence has only quantitative effects. In fact, the qualitative properties of these
impulse responses are independent of the degree of persistence in the government
spending shock. Even if the shock is purely transitory (y = 0), a government spend-
ing shock still stimulates a simultaneous increase in output, investment, consump-
tion, and employment.

This experiment illustrates that returns to specialization reduce the degree of per-
sistence required to generate an increase in investment in response to a government
spending shock. Indeed, if markups are large, then no persistence is required.
Again, however, these findings are affected by the quantitative response of employ-
ment to the shock, and so depend on other parameters. In particular, as the labor
supply elasticity decreases, a given markup generates a smaller response of employ-
ment and output than it does with indivisible labor.

Overall these experiments illustrate that increasing returns to specialization may
have important implications for the role of aggregate demand shocks in producing

9. That these effects will occur for lower labor elasiticities with a given degree of returns to specializa-
tion is clear from (33) and (35) respectively.
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FiG. 3. Response to a Temporary Shock: High Persistence

aggregate fluctuations. Traditional Keynesian analysis accords a large role to aggre-
gate demand shocks as sources of business cycle fluctuations. In the standard neo-
classical model, however, aggregate demand shocks generate negative correlations
of both real wages and consumption with employment. Neither of these correlations
is consistent with the data, and in principle, our model can address both of these
issues. Although the model contains no exogenous technology shocks, real wages
and consumption may be positively correlated with employment. These effects stem
from an endogenous response of total factor productivity that occurs when firms
enter and exit in response to shocks to aggregate demand. This effect is similar to
that of the aggregate demand externality that has been discussed in the recent litera-
ture (for example, Diamond 1982 and Blanchard and Kiyotaki 1987).

It is clear, however, that these relationships are somewhat sensitive to the degree
of returns to specialization. Recent empirical estimates of markup levels (for exam-
ple, Basu and Fernald 1993) have typically been substantially lower than those re-
quired to generate a positive response of consumption to a temporary government
spending shock in our model. Another issue to consider is the relationship between
the qualitative responses of consumption, wages, and investment and the quantita-
tive response of output to a government spending shock (that is, the multiplier).
With markups sufficient to produce positive responses of both output, consumption,
and investment to a temporary government spending shock, the response of output
to the shock is higher than may be plausible given the empirical evidence. Hall
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(1986) estimates that the multiplier effect of military purchases in U.S. data is about
unity. Rotemberg and Woodford (1992) confirm this estimate using an indepen-
dently constructed measure of military purchases. These estimates are considerably
smaller than suggested by the case of large markups above. For example, in the case
depicted in Figure 3a, the multiplier is close to two. The case of the relatively small
markup (1/p = 1.2) does, however, accord with both Rotemberg and Woodford’s
estimate of the multiplier, and with their finding of a positive response of the real
wage to innovations in military purchases. Thus, the lower markup case may be
more in accord with the empirical evidence.

4. CONCLUSION

This paper has shown that the effects of fiscal spending shocks in a dynamic gen-
eral equilibrium model with imperfect competition and increasing returns can be
substantially different from those in the standard constant returns model. With in-
creasing returns the wage may rise rather than fall in response to a government
spending shock, and the impact of government spending on consumption may be
positive rather than negative. Furthermore a government spending shock may crowd
in investment, even if the shock is purely transitory. Our results suggest that increas-
ing returns increase the role of government spending shocks (and presumably other
types of demand shocks) in dynamic general equilibrium models and thus may
be very useful for understanding the impact of fiscal policy on macroeconomic
aggregates.

Several issues remain to be considered. For example, in order to isolate the effects
of spending on the economy, we abstracted from all issues regarding government
financing. Also, we have modeled government spending as purely wasteful, and ab-
stracted from direct impacts of government spending on productivity. If government
spending directly augmented total factor productivity, say, because some or all of
it was used to augment a stock of public capital [as in Baxter and King (1993)],
then the effects of government spending in our economy could be substantially
enhanced.
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