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Labor Hoarding, Dynamic Adjustment and
Returns to Labor

Yir-Hueih Luh*

Literature on the short-run relationship between output and employment
has focused on the empirical phenomenon called “short-run increasing returns
to labor” (SRIRL). SRIRL signifies the phenomenon that fluctuations in output
induce a variation of labor input less than proportional. The empirical finding of
SRIRL represents a clear contradiction to the traditional theory of firm, There
have been attempts to resolve this paradox, one of the general explanations of-
fered involved the concept of labor hoarding. This research attempts to examine
the role of labor hoarding in SRIRL by applying a dynamic dual model of explicit
cost minimization. As an alternative approach to resolving the SRIRL paradox,
the dynamic dual model offers greater flexibility in the specification of produc-
tion technology. The results suggest that SRIRL does not necessarily contradict
intertemporal optimization behavior and labor hoarding is neither sufficient nor
necessary for SRIRL.

Keywords:Labor hoarding; Dynamic adjustment; Returns to labor

1. Introduction

Literature on the short-run relationship between output and employment

* Yir-Hueih Luh is professor of Economics at National Tsing Hua University, Taiwan,
R.O.C. This research was supported by the National Science Council in the Repubiic
of China under project number NSC82-0301~H~007-014. An earlier version of the
paper was presented at the 1995 Annual Meeting of the Southern Agriculture Economics
Association.
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has focused on the empirical phenomenon called “short-run increasing returns
to labor” (SRIRL). SRIRL signifies the phenomenon that fluctuations in
output induce a variation of labor input less than proportional. The major
implication of SRIRL is the systematic cyclic variation in labor productivity;
that is, although labor productivity diminishes during a cyclic decline, it
increases rapidly from a trough. The empirical evidence provided by early
studies such as Hultgren (1960), Kendrick (1961) and Kuh (1965) support
such procyclic behavior of man-hour productivity.

The empirical finding of SRIRL represents a clear contradiction to the
traditional theory of firm. There have been attempts to resolve this paradox
and to link the empirical finding to the underlying theory. One of the general
explanations offered involved the concept of labor hoarding. Solow (1968)
formalized the labor hoarding concept by emphasizing the adjustment cost
associated with rapid variation of the level of employment, and concluded
that in firms’ attempts to minimize the cost of production, they retain labor
even in periods of decline. Therefore, according to the labor hoarding
hypothesis, the procyclic pattern of labor productivity follows directly from
behavior of intertemporal cost minimization.

Not until recent development in empirically implementable models of
interrelated factor demands, has there been empirical research based on a
model of labor hoarding of the Solow-type. Using the classic calculus of
variations approach, Morrison and Berndt (1981) examine the role of labor
hoarding in SRIRL. Because of the difficulties in obtaining a closed-form
analytié expression of the equilibrium, the model proposed by Morrison and
Berndt is restricted to linear-quadratic technologies. This research attempts
to examine the role of labor hoarding in SRIRL by applying a dynamic dual

model of explicit cost minimization. As an alternative approach to resolving
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the SRIRL paradox, the dynamic dual model offers greater flexibility in the
specification of production technology. '

Explicitly defining SRIRL as the case in which the proportional growth
of labor is smaller than that of output in the short-run, and when growth
of labor in the short-run is smaller than that in the long-run, this paper
demonstrates that SRIRL does not necessarily contradict intertemporal opti-
mization behavior and labor hoarding is neither sufficient nor necessary for
SRIRL.

The remainder of the paper is organized as follows. In the next sec-
tion, the dynamic dual model of explicit cost minimization is presented.
Propositions summarizing the role of labor hoarding in SRIRL are proposed.

Section 3 gives a brief concluding remarks.

2. SRIRL in the Dynamic Dual Model of Production

The firm’s production technology is described by the single-output pro-
duction function Y = F(X, K, K, ), which possesses all standard properties
of the neoclassical theory of production. The production function is sin-
gle valued, defining the maximum output obtainable from a specified set
of inputs. It is a positive, continuous, twice-differentiable function with
positive marginal product from variable inputs, (X, X3,---,X5), and from
quasi-fixed inputs, (K, K>, -, K;,). The argument 7 represents a proxy for
the advancement of technology and the inclusion of net investment, K, in
the production function reflects the internal cost associated with adjusting
quasi-fixed factors in terms of foregone output.

The adjustment cost is internal in the sense that expanding (contracting)

the quasi-fixed factor stocks will result in a decrease (increase) in output.
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Therefore, the product of K and Fy is always negative. In addition, to
assure the sluggish or gradual behavior in adjusting the levels of quasi-fixed
factors, the diseconomies accompanying adjustment is assumed to be greater
the faster the adjustment takes place. This assumption is equivalent to the
convexity assumption of the adjustment cost function.
The optimization problem for the firm that seeks to minimize the dis-

counted stream of costs is stated as

minimize / T e O (1) X (r) + C(F)K ()] dt,

K(r),X(r) Jt

subject to K (t) = I(t) — 8K (t), K(t) = k

Y (r) = F(X(1),K(7),K(7),7),Y0 < 7 < 0 ¢h)
in which W(r) and C(r) denote, respectively, the price vectors of variable
and quasi-fixed inputs at time 7. The constant discount rate is denoted by
r. Let the optimal value function giving the minimum value of the problem
realizable from some time t on be denoted by J(Y,w,c¢, k,t), Epstein (1981)
demonstrated that the value function and underlying production technology
is theoretically obtainable from one the other by solving the appropriate
static optimization problem as expressed in the Hamilton-Jacobi equation,

rJ(Y,w,c, k,t) = minimize {w'X + 'k + (I — 6k)' Jp(.) + MY (2))
K(£),X(1),A(t)
—F(X(8), K (), K(8),0)} + Je(.)- 2)

Here ) is the Lagrangian multiplier associated with the production technology
constraint, and w and ¢ denote, respectively, current prices for variable and
quasi-fixed inputs.

The discussion of SRIRL centers on the relationship between propor-

tional growth of output and labor inputs. To establish this relationship within
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the dynamic adjustment framework, we start with the decomposition of output
growth under intertemporal cost minimization which was initially formulated

by Stefanou (1988). The proportional growth of output is decomposed as

J
Z: Y(t) ot 2 TK +Z Y (1)
- (")F(X,k,K,t) 1 |
K] + ot F(X,k,K,t) (3)

Explicitly define SRIRL as the case in which the proportional growth of labor
is smaller than that of output in the short-run, and when growth of labor in
the short-run is smaller than that in the long-run. The following propositions
concluded that SRIRL is not necessarily a paradox in the dynamic adjustment
cost models.

Proposition 1. Given that labor is variable in nature, SRIRL will be present

when the followings hold:

(i) the proportional growth of labor L, is smaller than the weighted average

proportional growth of other variable inputs 31> S ; X, and

(ii) the weighted average proportional growth of quasi-fixed factor stocks is neg-

ative in the long-run.

<Proof> To illustrate that SRIRL may be present even when labor input is
adjusted freely, it is shown below that under some conditions the proportional
growth of labor is smaller than that of output in the short-run and that the
growth of labor in the short-run is smaller than its long-run counterpart.

In the short-run, K = K = 0 since quasi-fixed factors are fixed. Let

labor be the first variable input, and the component of technical change be
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denoted by A, (3) can be alternatively expressed as
n
Vt)y=8L+3 SiXi+A
i=2
in which S; = (w; X])/(A\*Y(t)). Subtracting the short-run proportional
growth of output from that of labor yields
n
(L-¥)5F = <1—81 -2 ) 4)
i=2
One of the conditions for SRIRL to occur is that L — ¥ < 0 in the short-run.-
Because the component of technical change is in general positive, L minus
1 is negative as long as (1—8,)L -, S;X; < 0. Given that (1-9,)L < £,
(4) is negative as L < ¥",8.X;. Therefore, as the proportional growth
of labor is smaller than the weighted average proportional growth of other
variable inputs, 37, S; X; proportional growth of labor is smaller than that
of output in the short-run.

To compare the growth of labor and that of output in the long-run, note
that in the steady state, K = Ji() = 0. Therefore, as each input is at its
respective long-run equilibrium level, (3) becomes

n

(t) = 1+z = ’”"’;*(}Z(;cﬂ) %,

In the long run, subtracting the proportional growth of output from that of

labor leads to

§=2

(L-¥)R = ((1—sl)i—i5%f<i> ~A-Yovik;, | ©)
j=1

in which V; = [(—rJk, (.)+¢;)k;]/[A\*Y (£)]. From (4) and (5), as ¥ V;K; < 0

the proportional increase in labor is clearly smaller in the short-run than in
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the long-run. Therefore, the second condition for SRIRL to occur is that
the weighted average proportional growth of quasi-fixed stocks is negative in
the long-run.

Proposition 1 states that SRIRL may be present even when labor input is
adjusted freely. This condition in turn suggests that the presence of SRIRL
in the dynamic adjustment cost model does not require labor hoarding, but
rather relies on the relationship between proportional growth of labor and
other inputs. Consequently, labor hoarding is not necessary for SRIRL.
Proposition 2. As adjustment of labor is costly, ie., as labor hoarding exists,

SRIRL may not occur when the following conditions hold:

(i) production technology is stationary and exhibits long-run constant returns to

scale;

(ii) the opportunity cost of an additional unit of quasi-fixed factor is grater than
the instantaneous capital gain associated with acquisition of the additional

unit of capital; and

(iii) the adjusted growth of labor, I:Z?=1 S; and flzjzz U; are greater than,
respectively, the weighted average growths of variable inputs 7 $;X;, and
of other quasi-fixed inputs, 377 _, UjK 3

<Proof> When labor is quasi-fixed in nature, the definition of lengths of
runs has to be revised. The reason is that if quasi-fixed inputs are assumed
to‘ be fixed in the short run, then SRIRL is definitely present since in the
short run I, =¥ = -¥ < 0 and (L — ¥)S® is invariably less than its long-run
counterpart. Therefore, in what follows, the short-run is redefined as the
time span allowiﬁg partial adjustment of stock variables, and long-run is the

time span in which quasi-fixed inputs have adjusted fully to their respective
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long-run equilibrium levels.
It can be shown that as production technology is stationary and exhibits

long-run constant returns to scale, optimality requires that the shadow value

of output equals instantaneous cost flow, that is,
MY (t) = W X" + k. (6)

To see this, note that stationary technology implies that 6F/9¢ = 0. The
dynamic measure of cost elasticity is the ratio of long-run marginal cost over
Jong-run average cost (Stefanou, 1989), LRMC/LRAC =Y Jy(.)/J(.). Since
Jy() = [N+ (dJy(.)/dt))/r and dJy(.)/dt = dJ(.)/dt = 0 in the long-run,
constant returns to scale implies

Y(i) _ w’X*-}—c'k,
T T

given that technology is stationary. Let labor be the first quasi-fixed input;
defining S; = w X} /N*Y (t),U; = ¢;jk;/X*Y(t), subtracting the proportional

growth of output from that of labor, we have

(E-9)R = b= S8,k Uib = SR - 30 JuEs £
—~ £t IS L Y (2) T
1= ]—2 ]:1

A (.
(‘Tka(-) + th( ) ) k;
-2 OE0) K.

J=1

Using the relationship that Uy =1~ 3%, S; — 372, U; and rearranging the

terms yield

" N n . R m . . m _J - K \
C-R=YSE-X)+>SUL-k)+Y f’() ik,
=1 —t o ONY®



Labor Hoarding, Dynamic Adjustment and Returns to Labor 129

m <7'ka(-) - dJ;Jt() ) k; )
+j§1 /\*Y(t) KJ" (7)

SRIRL is not plausible when fluctuations in output induce more than
proportional fluctuations of labor, in this case (L —Y)S® > 0. Referring back
to the first-order condition of long-run cost minimization, Ji,(.) = /\F~j, the
third term in (7) is positive because expanding the capacity of capital (K > 0)
results in a positive adjustment cost in terms of foregone output and Fy < 0.
Consequently, as long as LY ", S; > 30, SiXi,flzg?‘:z U; >0, U;K; and
rdi(.) > dJy(.)/dt, (L — V)5E remains positive. That is, proportional growth
of output induces more than proportional growth of labor input even in the
presence of labor hoarding when (i) opportunity cost of an additional unit
of quasi-fixed factors exceeds the instantaneous capital gain associated with
acquisition of the additional unit of capital; and (ii) the adjusted growth of
labor exceeds, respectively, the weighted average growths of variable and of

other quasi-fixed inputs.

3. Concluding Remarks

Literature on the short-run relationship between output and employment
has focused on the empirical phenomenon called "short-run increasing returns
to labor" (SRIRL). SRIRL signifies the phenomenon that fluctuations in
output induce a variation of labor input less than proportional. The empirical
finding of SRIRL represents a clear contradiction to the traditional theory of
firm. There have been attempts to resolve this paradox, one of the general
explanations offered involved the concept of labor hoarding. This research

attempts to examine the role of labor hoarding in SRIRL by applying
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a dynamic dual model of explicit cost minimization. As an alternative
approach to resolving the SRIRL paradox, the dynamic dual model offers
greater flexibility in the specification of production technology.

Propositions 1 and 2 concluded that SRIRL is not necessarily a paradox
in the dynamic adjustment cost models and that labor hoarding is neither
sufficient nor necessary for SRIRL. As shown in Proposition 2, when there
“exist costs associated with adjusting labor, i.e., when labor hoarding’is a
rational behavior for long-run cost minimizing firms, SRIRL may not be
present. . Since labor hoarding does not imply SRIRL, labor hoarding is
not sufficient for SRIRL. Furthermore, according to Proposition 1, observing
SRIRL does not require labor hoarding, but rather relies on the relationship
between proportional growth of labor and other inputs. Since labor hoarding
is not necessarily true when SRIRL is observed, labor hoarding is not
necessary for SRIRL. Since the results indicate that SRIRL is not necessarily
a paradoxical observation for the intertemporally optimizing firm facing
adjustment costs, it ought to be treated as an open question for empirically

oriented research.
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