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1 INTRODUCTION

The observed fact that firms invest even if capacities are not fully employed
does not fit into most standard formalizations of optimal firm behavior. The
major part of the literature in investment theory is concerned with perfectly
competitive markets where prices are market-clearing, thus ruling out any
excess capacity. This is the case both in Jorgenson's (1963) model and q
investment models (see Hayashi (1982) and Abel and Blanchard (1983)). More
recent papers analyze investment in imperfectly competitive markets with

- factor substitutability and price flexibility, allowing the firm to work at full

capacity.l Investment and excess capacity can coexist if any of these
assumptions is removed.

After the papers of Akerlof and Yellen (1985), Mankiw (1985) and
Blanchard and Kiyotaki (1987), the introduction of nominal rigidities into
monopolistically competitive economies has opened new horizons in
macroeconomics, allowing for new microfoundations for Keynesian
economics. Nevertheless, the existence of involuntary unemployment needs
some type of real rigidity in addition to nominal rigidities. This is a well-
known problem for "New Keynesian" economists. In the same way,
involuntary excess capacity also requires more than nominal rigidities. This
point was stressed by Malinvaud (1987) (1989), who analyzes the problem of
firms operating with complementary factors and having to decide about
capacities under demand wuncertainty;2 if there is short-run factor
complementarity, capacity is determined by investment decisions, and these
decisions are taken before demand is known. Thus, if realized demand falls
below expectations, excess capacity is possible as an ex post undesired
outcome.

In Licandro (1990), we stressed the role of price rigidities and factor

1 Schiantarelli and Georgoutsos (1990) solve an intertemporal problem in the tradition of
q investment models where the firm is assumed to belong to a monopolistically
competitive economy. They show that without nominal rigidities price behavior in
monopolistic competition introduces a gap between marginal and average q since "...the
firm...(has)...to lower the price of additional output produced by a new machine in order
to sell it."

2 More precisely, in Malinvaud (1987) excess capacities are formalized without price
rigidity, in which case they are a desired outcome.




)
v

3

complementarity under demand uncertainty for explaining investment
decisions. The main result was that in our model marginal q is not equal to
average q. This is so even if Hayashi's (1982) conditions for equality, which he
formulated for a purely competitive model, hold. The difference between
marginal q and average q is explained by the expected degree of capacity
utilization. When the firm does not know demand with certainty, an increase
in capacities has a less than one for one effect on expected production.
Moreover, the elasticity of expected production to capacities is a positive
function of the degree of capacity utilization. This theoretical result accords
with the observed fact that firms invest even if capacities are not fully
employed, and supports the intuitive perception that the more capacities
approach full utilization the more firms invest.

To generate excess capacities, as stated above, we require that factors
be complements at least in the short run. Licandro (1990) has imposed a
strong assumption about technology, namely a Leontief specification for the
production function. This assumption allows to understand the investment
process without having to pay attention to long-run factor substitution effects.
In this paper the firm is assumed to produce with a constant-returns-to-
scale production function and to face adjustment costs over all production
factors, such as in Pindyck and Rotemberg (1983). The introduction of long-
run substitutability allows for more than the standard average q effects on
investment.

Finally, this paper is related to the "aggregation over micromarkets in
disequilibrium" approach.3 This literature is based on rationing models and

" considers the economy as the aggregate of a large number of micromarkets,

each being in a capacity-constrained or in a demand-constrained
equilibrium. In macroeconometric models built on this approach, excess
capacity is a natural situation and the degree of capacity utilization is an
important endogenous variable. In the final part of this paper, it will be
shown that q investment models under factor complementarity and
monopolistic competition give formal microfoundations to a particular form

3 The idea was initially proposed by Muellbauer (1978) and Malinvaud (1980). Lambert
(1988) introduces sufficient conditions to approximate aggregate production by a CES
function of aggregate capacities and aggregate demand. A macro-model was first
estimated by Sneessens and Dréze (1986) and now serves as basis for the "European
Unemployment Programme" (see Dréze and Bean (1990)).
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of the "aggregation over micromarkets in disequilibrium" model.

2 DEMAND, CAPACITY CONSTRAINTS AND DUC

The representative firm is assumed to operate in a monopolistically
competitive market and to face the following demand function:

Py Fe
@ YD, = (—P—fj YDeus;

where YD is firm's demand, p is firm's price, P is the aggregate price level,
YD is expected aggregate demand, and u is a stochastic demand shock,
which is assumed i.i.d. with unit mean and given variance. The firm fixes
its price one period before the stochastic demand term becomes known. In
addition, because all firms are assumed to be identical both prices, p and P,
are equal at equilibrium.

The production function, denoted by F(K,L), is assumed linear-
homogeneous in capital and labor. Standard assumptions about marginal
productivities are imposed. The firm faces adjustment costs on both factors.
It decides in period t-1 investment and hiring for period t: for the investment
decision, this can be justified by the existence of "delivery lags"; the labor
decision is treated in a symmetric way since the process of hiring also takes
time. Under these conditions potential output, denoted by YP and
representing total capacities, is given by

(2) YPt = F{Kt,Lt];

In period t the firm cannot produce more than capacities and YP is thus an
upper bound on production.

Under the previous assumptions, excess capacity and excess demand
are possible outcomes in any given period as long as capacities and price are
determined one period before the stochastic demand shock becomes known.
This implies that production, denoted by Y, is

Y t = min[YDt,YPt},

so that the level of production depends on which of both constraints is
binding. Let us now define the degree of capacity utilization; this is given by




the ratio of production to capacities, that is

Y,

3) DUC; = 'Fm .

As stated above, the firm is assumed to face adjustment costs when
implementing new equipment and when hiring or firing workers, and to
decide at period t-1 about labor and capital for period t. Moreover, the model
allows for underutilization of total capacity. However, nothing up to now
guarantees that both factors will be underutilized in equal proportions when
the firm produces less than total capacities: we need to put more structure on
the problem to have short-run factor complementarity. We thus add the
assumption that to have different rates of utilization for the two inputs
entails infinite costs. This obviously implies that the utilization rate will be
DUC for each of them.

Before solving the theoretical problem, let us introduce some
preliminary considerations. When there is demand uncertainty, the firm is
not sure that all increases in capacities will be used in production. For this
reason, the elasticity of expected production to capacities is smaller than one,
unless excess capacity were impossible. A better understanding of this point
can be obtained by looking at the definition of expected production,*

— xs oo
4) E¢(Yq) = YDSL U glug)dug + YPSJ:: glug) dusg,
YP
where xg = Y——D—:

and g(u,) is the density function for the stochastic demand term us.

Let &, and ®4 denote the elasticities of expected production to potential
output and expected demand, respectively. They can be derived from equation
(4) and written as : : ‘

Xg

= YD
(5) (Dp,s = Em—hés—)-[xsg(us] dus and (bd,s = mis).[ ug glug) dus-

0

4 This problem, which has been extensively analyzed, is related to limited dependent
variable models. In Quandt (1988) the expected minimum condition is studied in various
contexts. Lambert (1988) analyzes the problem in the context of aggregation over
micromarkets in disequilibrium.
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The elasticities of expected production to both expected demand and
capacities sum to one. This follows directly from equations (4) and (5), and
implies that expected production is linear-homogeneous in capacities and
expected demand. Since &, and @4 are non-negative and sum to one, they are
both smaller than or equal to one and at least one of them is strictly smaller
than one. The meaning of these properties is straightforward. Given the
demand distribution, an increase in capacities has a less than one for one
effect on expected production since the new units have some likelihood of not
being utilized. The same is true for an increase in expected demand, given
capacities. But if both expected demand and potential output increase in the
same proportion, expected production also increases in this proportion.

A particular case will be important in what follows. As shown by
Lambert (1988), when the stochastic demand term is lognormally distributebc'l,
expected production can be approximated by a CES function of expected
demand and potential output. That is

1

@) Ei(Yq) = (E(YDs’+YP," .

From equation (4) we can easily see that the elasticities ®, and ®q4 verify the
two following relations:

(5" d)p,s = Et(DUCs)p and d)p,s+ d)d,s =1.

The coefficient p is an inverse function of the variance of the stochastic
demand term u and for plausible values of this variance p is greater than
one. The elasticity ®, is an increasing function of expected DUC. From now
on, we assume that u is lognormally distributed and that equations (4') and
(58') verify.

3 THE ADJUSTMENT COST FUNCTION

The literature on adjustment cost assumes that investment costs depend on
investment and capital. In this paper, we suggest a slightly different
assumption, which seems better adapted to our problem. Since the firm is
assumed not necessarily to produce at full capacity, the degree of capacity
utilization appears as an intuitive component of the adjustment cost
function; total investment cost are defined as W(I,LK,DUC).
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Moreover, it is frequently supposed that the investment cost function is
linear-homogeneous in investment and capital. For this reason and
following the considerations in Licandro (1990), we assume that

6) ¥(L,,Ks,DUCs| = Q(%)KSDUCS.

If capacities are fully utilized the adjustment cost function becomes linear-
homogeneous in I and K, just as is generally supposed. When capacities are
partially utilized, condition (6) imposes that the firm faces adjustment costs
which are below full-capacity costs. This assumption implies that at full
capacity the firm finds it more difficult —in terms of the availability of
resources within the firm— to implement new equipment than when some
machines and workers are used only partially.

The Q(.) function is assumed incresing and convex, and it is

normalized as follows:
Q®) = 5omr and 2G) = 5w

where DUC* represents expected DUC at steady state. Indeed, the
investment rate is equal to the depreciation rate in steady state, which
provides a natural point of normalization for Q(.). When the firm expects to
use capacities at its steady state level and invests just to replace the
depreciated capital, the normalization assumption for Q(.) implies that there
are no adjustment costs, i.e., investment spending is equal to p'8K. The
condition on Q'(8) corresponds to the standard condition for the unicity of
marginal q at steady state.

In the same way, let us define the labor adjustment cost function as

&LSDUCS,

Q) A(HsiLs:DUCs]T= e L

where H represents net hiring. The @(.) function is convex and normalized
as follows:

1 '
®(0) =W and @(0) = 0.

The condition on ®(0) implies that at steady state labor costs are equal to the
wage bill. The condition ©'(0) = 0 imposes that labor adjustment cost be
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minimum when net hiring is zero.

4 OPTIMALITY CONDITIONS

4.1 OPTIMAL PROGRAM AND FIRST-ORDER CONDITIONS

As assumed above only demand is random and all other variables are known
by the firm. This assumption allows us to concentrate on the consequences of
demand uncertainty. Moreover, since random demand shocks are not
autocorrelated the optimal path for controls is nonstochastic. With profits
being a linear function of DUC as the only stochastic variable, expected
profits can be written as a linear function of expected DUC. Let us define « as
"profits at full capacity” and write it as

o e b))

where wg is the wage rate and P; is the investment good price. Time s
expected profits are equal to g times expected DUC,.

At time (t-1) the firm decides about prices, investment and hiring for
period t in an intertemporal maximization program. Expectations are taken
with reference to the information set at (t-1) and the optimization problem is
written as

9

Vi= Max Z[PSF(Ks,Ls)-ws(@(%] Ls-plsﬂ(%) Ky Eea(DUC) (140 *",
{ps’Ks’LS}:;t 8=t 8 8

where

FK,,Ly) ’

p p
(10) E¢1(DUC,) = [(m) + 1] ;
(1) Ee1(YDs) = (1‘3—5) YDs;

(11) ' K, = I,+(1-8Kqe1;




(12) Ls = He+ Lg,
with given initial values K;.; and L;.;.5

The Lagrangean for this problem is

I

Lt-l = Z[ps F(Ks,LJ - WsQ(% Ls- pISQ(—) KSIEt-l(DUCS] (1+r)-(s-t)

Ks

_ ZuS(KS- Ig- (1-8) Ks-1) (1+r)-(s-t)_ ZXS[Ls' H,- Ls-lJ (1+r)-(s-t).

8=t g=t

and the first-order conditions are

oLe1 _ ntaE +1(DUCY

(13) p: ap, ap, + Egq(Yy) = 0;
(14) I: agﬂl = -pQtE.1DUCY + Ky = 0;
(15) H: aaLI;tl = -wiOtEy;(DUCY + At = 0;
(16) K: aali{"‘tl - 0;
17 L: %Iiil = 0.

Implicit in the optimality condition (13) is, as in Sneessens (1987), a
price equation where the firm charges a markup on marginal production
cost. The price equation takes the form:

(18) p, = 1-f ‘I’d,t)'li-'l'

wiOtLy+ p QtKe
F{K¢,Ly)

Since labor and investment costs are a linear function of E(Y), marginal cost
is equal to average cost. In determining average cost, the adjustment costs
are taken into account by the firm as well as the wage bill and the

5 In order to have more symmetry between labor and capital, one could introduce some
attrition of labor force via an exogenous separation rate.
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purchasing price of investment goods. This equation stresses the influence of
demand pressures in the markup rate, through the elasticity of expected
production to expected demand, denoted by ®4. As in monopolistic
competition models, the elasticity of production with respect to prices must be
greater than one, i.e., e®gq > 1, to avoid infinite prices.6

Let o be the investment rate. The optimality condition for investment
is derived from condition (14) and states

(19) q, = Q') E.1(DUCy).

In standard q theories the optimal investment rate is a function of marginal
q, represented by the ratio of p to p'. Since p is the shadow price of the capital
stock, the variable q represents the marginal q for total capital. However, in
our case marginal investment costs, given by the right hand side of equatioh
(19), depend also on expected DUC. This can be reconciled with the standard
result if we divide both sides by expected DUC and interpret the ratio betwenn
q and expected DUC as the marginal q associated to the effectively used
capital. Under these considerations, the rate of investment is a function of
the marginal q for the effectively used capital.

Similarly, from equation (15) we can deduce an optimal path for the
hiring ratio, i.e., the ratio of hiring to total labor. The optimal hiring ratio,
denoted by B, verifies

(20) oy = ©'(By) E¢1(DUCY).

o represents the marginal value of one unit of labor divided by the wage rate.
Equation (20) says that the marginal cost of hiring —given by the right hand
side— is equal to marginal ®. This is formally equivalent to the condition we
derived for investment. As in equation (19), the marginal cost of hiring is
weighted by expected DUC because only this proportion of total employees is
effectively working.

6 Aslong as e®q <1, the firm is induced to set very high (infinite) prices. Since prices
go to infinite, the demand faced by the firm goes to zero implying that &4 approches unity.
This is contradictory with the assumption that ¢ is greater than one and implies that
e®q > 1 must verify.
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Combining equations (14) and (16) we deduce the Euler equation for
capital:

(21) p_Ith-l [1 - 8] Qt Et.l(DUCt) = pL,_l K; (1 - 8) Qb Et,.l(DUCt,,.]J (1+r)'1

Fki K
F

+ (pyFreKi- pi QK] E1(DUCY — Paeme E;1(DUCy).

Solving recursively forward we obtain

(22) p;Ki1 (1-8) QtEy3(DUCY =

Z(psFK,sKs' PIstKs] E:1(DUCy) (1+r)'(8-t)

s=t

_ZCDd,sns
g=t

Equation (22) states the well-known condition for optimal investment: the
marginal cost of investment, on the left hand side, must be equal to the

Fr. K "
Kl;f ® E1(DUC,) (141 2,
]

marginal value of capital, on the right hand side. It differs from the
standard condition because expected DUC is not necessarily equal to one. In
the particular case where the firm expects to fully use its capacities, the
elasticity ®4 becomes zero and equation (22) reduces to the standard
condition. But it is an extreme case in which capacities for all future periods
are so small —or expected demand is so large— that the probability of an
excess capacity is zero. Note that dividing the right hand side of (22) by p!; K;.
1 (1-8) we obtain a explicit expression for marginal q.

Similarly, combining equations (15) and (17) we deduce the Euler
equation for labor:

(23) wiLiy Ot E;(DUCyY) = w1 Li©t Ei1(DUC,) (].+1')-l
FriL¢
+ (ptFL,tLt-thtLt) E;1(DUCy) — @7t T, E.1(DUCy).

As for the capital stock we solve forward to deduce




™

I

(24) wiLi Ot E¢1(DUCy) =

2(psFL,SLs' thsLs) Et—l(DUCs) (1+r]-(5-t)
s=t

Le g, DUC, (140

—Zcbd,sns

Equivalently to equation (22) for the capital stock, equation (24) represents the
optimality condition that the marginal cost of hiring must be equal to the
marginal value of labor. Dividing the right hand side of (24) for w; L;.; we
obtain the explicit form of marginal .

4.2 AVERAGE Q AND INVESTMENT EQUATION

Hayashi (1982) shows that, in competitive markets, linear homogeneity in the
installation function in addition to linear homogeneity in the production
function are sufficient conditions for the equality between marginal q and
average q. Licandro (1990) shows that in the presence of both price rigidity
and factor complementarity this proposition does not hold, because capacities
do not have a unit elasticity with respect to expected production. When we
add hiring adjustment costs to investment adjustment costs, this result still
holds but a new point must be stressed.

As a consequence of adjustment costs the hiring process has the same
type of effect on the firm's value as the investment process. If we sum the two
marginal values from equations (22) and (24), we deduce the total marginal
value of all factors. It is

(25)

(PiKu1 (1-8 Qb+ W LeaO8) Eea(DUCY = D) ®pamsEea(DUC) (L4r) ™™

=t

When the firm expects to use all capacities and in the absence of labor
adjustment costs, equation (25) becomes the standard condition for q models,
that is
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piKs1 (1-8) Qi) = ) mal14d ®? = v,

(117

where o is the investment rate, i.e., investment divided by the capital stock.
Nevertheless, the extreme case of E(DUC) =1 is associated with a zero
probability of demand constraint, which requires very large expected
demand or very low capacities. Since capacities are controlled by the firm in
the long run and profits are non-negative, in general the firm is interested in
expanding capacities to avoid too large an excess demand, bounding expect
DUC away from unity in the long run.?

Defining average q, denoted by Q, as

Vi

(26) Q; = m ,

and taking into account equations (19) and (20), we can derive from equation
(25) the relation between marginal and average q:

@27 q, = Q¢Pp - Ko 1-0) ;It

where k is the capital-labor ratio and

- -(s-t)
~ nsE1(DUC,) (1471
Dpt = Z‘Dp,s L3t V:] -

(28)

s=t

Note that in each period, the elasticity ®; is weighted by time t profits divided
by the value of the firm. This weight has the property of a probability
measure, since the value of the firm is the addition of all future profits. Thus
®p is a mean value of all future elasticities of expected production to
capacities and it will be called the "mean potential output elasticity."

In equation (27) we can see that the neoclassical q model is modified in
two different ways. First, because the firm faces two types of adjustment
costs the total marginal value of the firm is given by the sum of both the

7 Furthermore, as implied by footnote 5, ®4 must be strictly positive, so that expected DUC
is strictly smaller than one.
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marginal value of capital and the marginal value of labor. Even if the firm
does not face uncertain demand constraints marginal q differs from average
q in the second term of the right hand side, which depends on the marginal
value of labor. Second, the existence of demand uncertainty and capacity
constraints implies a "mean potential output elasticity” 5,, below or equal to
unity. Without adjustment costs on hiring (o = 0) the results of Licandro
(1990) hold. Finally, marginal q is equal to average q as in Hayashi (1982),
when there are no adjustment costs on hiring nor any demand uncertainty
(dp =1).

Combining equation (27) with the optimal investment condition (19)
and the optimal hiring condition (20), we obtain the following investment
equation:

Dpyt we ©'B)

(29) Qo) = QtEt,.l(DUCt)_ p_:;kt-l 11-6) )

In equation (29) investment depends on two terms: in the first term average q
is multiplied by the "mean potential output elasticity" 5,;, —function of the
sequence of expected DUCs— and divided by time t expected DUC; the second
term is negative and depends on relative factor prices, the capital-labor ratio
and the hiring ratio. Note that when there are no labor adjustment costs the
second term vanish and when capacities are fully employed the first term is
equal to average q.

Equation (29) can be transformed to have an equivalent expression for
the hiring ratio. But we cannot deduce o and B from equation (29) and the
equivalent condition for labor, since both conditions are the same. The
problem is the following. On the one side, we have average q, which follows
from the firm's total value, obtained by the use of both factors together. On
the other side, we have two marginal values, one for each factor. As it is
impossible to separate the contribution of each factor to total value, we cannot
deduce these two marginal values from the single relation giving average q.
This appears clearly in equation (27). However, equations (21) and (23) can be
combined in a different way, and this can allow us to determine the ratio of
marginal productivities.
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4.3 MARGINAL AND AVERAGE PRODUCTIVITIES

We combine equations (21) and (23) to determine the relation between
marginal productivities:

FL,t _ UCLt

(30) Fx: - UCK;'

where the user cost of labor, denoted UCL, is equal to

UCLy = WtLTt}l O} E,1[DUCY) — Wy Oe1 By (DUC g (141"
+ WthEt.ﬂDUCt) ’

and the user cost of capital, denoted UCK, is

UCK; = pi%u. 8) Qi Ey1(DUC - p!,,(1-8) Qi Ery(DUC,,) (140"

+ p;Qt E1[DUCY).

As in standard investment theory the user cost of capital can be
decomposed into two terms: the marginal gain from investing now rather
than next period, and total current investment costs. The same
interpretation can be given to the user cost of labor. Consider the particular
case where the firm expects to fully use its capacities. In this case, equation
(30) becomes |

L ' ' -
(30 Fue _ Wt Ltft1 Of — Wi Ot (140 + W, Oy
F:K,t -

ptKTT(l -8 Qi - py,y (1-8 Qb 141 + piQ

In (30'), the ratio of marginal productivities is equal to the ratio of the user
costs of factors. When the firm expects to use its capacities only partially, as
in equation (30), the user cost of both factors takes a more general form.
Nevertheless, this general form depends on the assumptions about the
adjustment cost function: when both adjustment cost functions do not depend
on DUC, the general solution is equation (30') even if expected DUC is
smaller than one. |

Since we assume a constant returns to scale production function, the
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ratio of marginal productivities is a function of the capital-labor ratio k,
which is determined by equation (30). In particular, with a Cobb-Douglas
technology, equation (30) can be combined with the production function to
yield the average productivities:

FK¢,Ly UCL, v
(81) K, = 2k UCK_t) ’
32) FiK¢ Ly _ UCL.;)*,

L, _ 21UCK;

where ax and a) are unimportant constants and vy is the elasticity of capital in
the production function. This is a standard result in production theory: with
a Cobb-Douglas technology average productivities are log-linear functions of
relative factor costs.

5 THE AGGREGATE ECONOMY

5.1 AGGREGATION

Following Sneessens (1987), let us assume that aggregate demand is given;
its distribution among firms depends on relative prices and on a random
term. Assuming in addition that all firms are ex-ante identical, each of them
sets the same price, so that the relative price in fact vanishes. This implies
that aggregate demand is indeed represented by YD in equation (1), and all
that is left to distribute demand unequally between firms is the stochastic
term u. This can be interpreted in a simple way: the representative firm
faces demand uncertainty because it does not know its future position in the
demand distribution. In this sense, demand uncertainty is just firm-specific
and there is no aggregate demand uncertainty.

Aggregate capacities' can be set equal to the representative firm's
potential output. Furthermore, aggregate production and aggregate DUC are
equal to the representative firm's expected production and expected DUC.
Since the distribution of aggregate demand among firms is assumed
lognormal, aggregate production, denoted by Y,is equal to

1

— P P P
(33) Yt = YDt + YPt .




17

Aggregate DUC is denoted DUC and ®, and ®4 represent the
elasticities of aggregate production to aggregate demand and aggregate
capacities, respectively. Moreover, all the optimality conditions for the
representative firm can be reinterpreted as aggregate conditions.

5.2 STEADY STATE

In steady state, capital and labor remain constant. From the law of motion
for capital in equation (11), we deduce that the steady state investment rate is
simply equal to the rate of depreciation, i.e., a* = 8, since net investment is
zero. For the same reason, from the law of motion for labor in equation (12),
we deduce that net hiring is zero at steady state, i.e., p* = 0.

The optimality condition for investment given by equation (19) implies
that steady state marginal q is given by

(34) q* = 1.
Equation (34) reflects Tobin's (1969) proposition that capital does not grow
when marginal q is equal to one.

The steady state value for marginal w is given by equation (20) and is
equal to zero, since the adjustment cost function ©(f) is assumed to have a
minimum at B =0, i.e,,

(35) o* = ©'(0) = 0.

Combining both marginal values as in equation (29) we deduce the
relation between marginal and average q at steady state:

¢ = Q* 3 = Q*DUCH".

At steady state marginal q differs from average q only in the elasticity of
aggregate production to capacities, which is equal to the aggregate degree of
capacity utilization to the power p.

Another interesting relation is verified at steady state. It concerns the
ratio of marginal productivities:
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(36) Fg 1(1‘ +98)°
p 1+r

Equation (36) says that at steady state the ratio of marginal productivities is
equal the ratio of factor user costs. As could be expected, the steady state
value of the user cost of labor is equal to the wage rate. The user cost of
capital takes the standard form

_ Ifr+d
37 UCK* = p'[it8).

Thus in this case the steady state user cost of capital equals financing costs

plus depreciation costs. Both marginal productivities depend only on the
capital-labor ratio, denoted by k, since there are constant returns to scale.
Equation (36) thus determines the steady state capital-labor ratio, kx*. ’

Finally, we can deduce the steady state value <I>: for the elasticity of
aggregate production to aggregate demand:

of . A*
(38) d~ e(A*D+ 1’
wL*+p’(—r+8}K*
where A* = 1+r
(wL*+p'8K¥)

A* is the steady state ratio of the user cost of total factors divided by total
costs. Moreover, since A*is greater than one and ¢ is greater than one and
finite, the <I>: elasticity is strictly positive and strictly smaller than one.
Dividing the numerator and denominator of A* by L*, we see that A* and
thus <I>: depend only on k*, which has been determined above. Finally,
DUCH* is then positive and smaller than one, implying that the aggregate
economy produces with excess capacity at steady state.

5.3 THE AGGREGATE ECONOMY

Under these aggregation assumptions, the aggregate model associated with
the behavior of the representative firm is presented in Table 1. It is similar in
structure to the "aggregation over micromarkets" model of Sneessens and
Dreze (1986). The ratio of average productivities depend on relative user costs.
Aggregate production is a CES function of (exogenous) aggregate demand
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and of potential output. Aggregate prices are set as a markup over marginal
cost, the markup rate itself being a function of demand pressures. The main
innovation is in the investment equation. The investment rate depends on
profitability (through average q and the degree of capacity utilization) and on
factor substitutability (directly through relative factor prices and indirectly
through the hiring and capital-labor ratios). Moreover, the firms are
assumed not to experience any labor shortage.

6 CONCLUSIONS

Demand uncertainty and factor complementarity have been introduced in
the literature to improve the foundations of q investment models and to stress
the role of the utilization of capacities in explaining investment behavior. In
Licandro (1990) we have analyzed the relation between marginal and averaé’e
q in the case of a Leontief technology. The main result was that marginal q is
smaller than average q, the difference being explained by the expectations
about the degree of capacity utilization. As in more standard q models,
investment was shown to depend on marginal profitability, represented here
by two variables: average q and the degree of capacity utilization.

In this paper, adjustment costs on investment and hiring are imposed
to model short-run factor complementarity when the production function has
constant returns to scale. Labor is modeled in the same way as capital. The
introduction of labor adjustment costs implies that labor behaves as a stock.
When there is no demand uncertainty, since both factors carry with them
adjustment costs, the value of the firm is equal to the marginal value of total
factors (capital stock and labor). It implies that, in addition to average q,
investment depends on factor substitutability, represented by relative factor
prices, the hiring ratio and the capital-labor ratio. This result does not
depend on demand uncertainty and can be obtained by simply adding hiring
adjustment costs to the neoclassical qT model.

At steady state, the main result is that capacities are not fully
employed, implying that firms are induced to have capacities greater that
expected production. In addition, since adjustment costs on labor are
assumed to be minimum when there is no net hiring, at steady state the
marginal value of labor is zero. Since marginal q is equal to average q times
the elasticity of production to capacities and capacities are underemployed,
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marginal q is strictly smaller than average q at steady state. In this sense,
the introduction of long-run factor sustitutability does not modify the outcome
of models where technology is assumed clay-clay.

For empirical problems this way of modeling firm behavior allows for
a more formal derivation of the macroeconomic models based on the
"aggregation over micromarkets in disequilibrium" principle. The present
paper has been a first attempt in this direction. In a deeper investigation, a
formal solution of the difference equation system would be required and it
would have to be compared with a dynamic simulation of the Sneessens and
Dreéze (1986) model.

TABLE 1
Factor Productivities 8
111%t = ag+(¥-11In ggg{“t) 1nDUCY)
lnYI::-- = bo+ Yln(%) -1InDUC})
Production

1
Y. = (Y07 + YP)

STE, - Yt
DUC: = YP,
YP; = F{K;,Ly)
@, = DUCY

Prices

(th(Bt] Li+ py Sy KJ DUCt
Yt

P = [1-poay)

8 Since the production function has constant returns to scale, both average productivities
have the same equation and only the capital-labor ratio can be determined in this block.
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