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Abstract. A flexible labor demand function is presented. In this function there is no prior assumption
about the technology where the data decides on the appropriate functional form. Thus, the labor demand
function avoids any estimation bias which could result from imposing the wrong restrictions on the
technology. The estimation results suggest that the labor demand is non-linear function of input prices and
the size of output. The demand for labor is significantly elastic with respect to the wage level, the price of
capital, and the output level. A test of imposing prior assumptions about the technology shows that
restricting the labor demand function to follow Cobb-Douglas, Generalized Leontief, or other specified
functions gives different and sometimes insignificant elasticities.

Iniroduction

In estimating the labor demand function there is no theoretical presumption regard-
ing the appropriate function of the labor demand. This paper is concerned with pre-
cisely the question of choosing empirically the appropriate functional form of the
labor demand.

A Flexible Labor Demand Function
The specification of the labor demand function is controversial. The question

raised is what labor demand function should be used. Whether to use the Cobb-
Douglas [1] form which is attractable because it eases the calculation and the estima-

119



120 Hamad A. Al-Towaijri

tion of the labor elasticities. Or to use the Generalized Leontief function [2]. Yet
some people have assumed the labor demand function has the translog form [3]
which gives the labor share variables rather than the labor demand variables. And,

finally, some people have used the Constant Elasticity of Substitution Function, CES
[4]. Each of these forms imposes some restrictions on the labor demand behavior.

For example the Cobb-Douglas and the CES assume a constant elasticity of substitu-
tion between the labor and the other production factors.

In this paper, a more general labor demand function is provided. Where there
are no prior restrictions to be imposed on the labor behavior. In this case the data

determine the shape of the labor demand function. The function that is proposed
here is the Box-Cox labor demand function.

The proposed form is a general form of the Generalized Leontief labor demand
function which produces the Cobb-Douglas, Generalized leontief, and other forms
of the labor demand functions. This form is more flexible because it does not impose
any restrictions on the labor relations and on the technology; i.e., it does not impose
restrictions on the elasticity of substitution or on the rate of technical substitution.

Here the labor demand function is:

I P B (1)
where
X=W"RY
L: The labor demand.
W: The wage rate.

R: The interest rate.
Y: The output level.

This general equation has been proposed by Box and Cox [5].

Here L YA £0

—InL  YA=0 (2
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Proof:

e
pml* = tim~2 = fim (L*lnL) - WL

di

If we define the demand for capital to be:

where

and define the cost functioin as

C=WL+ RK (4)

then the cost function is:

C_W[]-&al(‘{lAl)+a2(Xl—1)]i+R[1+b1(Y}” 1) by(7" - 1)]1 (5)

Proof

Rewrite equation 1 as
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If we multiply by A

L = teay(Y - 1)+a,(x" -1

1

L - [1+;11(Y"71)+32(X1—])]z (6)

Similarly:

1

K = [1en (Y ezt - )] )
substituting equations 6 and 7 for K and L in equation 4 gives:

1
C=W{l+al(Yl—1)+u2(Xk~1)]Z+R[l+bl(Y?‘ - 1)+hz(z’~ - 1)]1_

Here the Box-Cox procedure involves the specification of a general power func-
tion that contains the Generalized Leontief and Cobb-Douglas as special cases. For
» =1, equation 1 becomes:

L=a¥Y+aX (8)
which is the Generalized Leonticef function. However, for A = 0, equation 1 is:
Lol =a, LnY + a, Inx (9
Enb = ¢, LnY + ¢, InR + ¢; LnW
which is equivalent to:
LnL = ¢, LnY + ¢, (LoW — LnR) (10)
where:

¢, =a +a,c,= .53, ¢=— 5a
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Proof:
LnL=a,LnY +a,Ln(W *R’Y)
LnL=a,LnY+a,(- SLnW+ SIlnR+1nY)

LanaanY—.SaanWJr.SaanR+a2LnY
LnL:(al+a2)LnY—.532LnW+.5a2LnR
InL=c LlnY+c¢c,LnR+¢cLnW

LancanY-Q—cz(LnW—LnR)

The major point behind the use of this flexible form is that we avoid possible mis-
specification of the functional form by choosing a possible wrong structure which
may lead to inconsistent and biased estimates. Here we choose the appropriate func-
tional form biased on an empirical investigation where no prior reasoning dictates
the correct functional form. Estimating equation (1) makes the estimation technique
itself choose the transformation which best fits the data.

Estimation and Results

In order to estimate the flexible labor demand function, equation (1), the non-
linear least square estimation is applied where the following procedures are per-
formed:

The first step is to simplify the estimation problem by dividing the variables by
their geometric mean, which makes convergence of estimation easier. The & value
that maximizes the likelihood function (i.e., minimizes the error sum of squares) is
chosen by systematic grid search, searching fromi = —3toh =3instepsof 0.1. A
= ().8 gives the greatest likelihood functioin value. Repeating the search from 3 = 0.7
ta A = 0.9 in steps of 0.01 gives A = 0.84. Finally. searching froma =0.83tok = 0.85
in steps of 0.001 gives & = 0.844 to be the value that minimizes the error sum of
square.

The second step is to estimate the parameters of the original model (&, a,, a,, 2,
o?). The last step of this procedure is to find the covariance matrix of parameter esti-
mates from the original data. The covariance matrix is:
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" XX - X'Uxr
o ) -1
-U.XU'U,, + U U, -2T o  ZinL

where U is the error term of the equation. and

au (LU.844 lnL) (Loxau _ 1) (YD'SM B LnY)

U, = — = - -
o 0.844 (0.844) 0.844
. (Yo.fw. _ I) . (Xo.s:m lnX) ) (Xo.sad B ])
(0.844)° 0.844 (0.844)°
o, - -2U, . [L0.844 (InL)zi . [Yo.sm (]nY)z] i [Xu.zm (lnX)?‘]

0.844 0.844 0.844 0.844

T = the number of observations.
Results
The result of the estimation is:

L=—-072+005Y —-0.02X RZ =10.948
(4.8) (7.14) (— 6.06)

where the T-statistics are in parentheses.

The wage clasticity w is calculated to be:

dL dX W

dX dw L

(1) The data are based on U.S. manufacturing during the period from 1929-1968. The purpose of this study
is to show a specific econometrics technique of estimating a labor demand function, As a result, the period
of the data should not affect the outcomes of this paper.
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The estimated wage elasticity is:

(-0.2) (0.5 wS RY? Y)
L

w —0.40

il

The output elasticity of labor demand y is:

Y
po= 0.0 (HJ = 1.965
L

If we impose some restrictions on our estimates to see how prior assumptions
about the functional form give a different estimate. For example, if we restrict the
value of & = 1, the Generalized Leontief, the estimated equation is:

L=0.40+032Y +0.006 X R? = 0.867
(5.35) (3.28)  (—0.82)

The estimated wage elasticity is:
w=—-0.12

However, the coefficient on X is not significant which suggests that the wage
elasticity is not significantly different from zero.

Similarly, if we impose a prior assumption that the technology follows Cobb-
Douglas, A = 0, then we get an inelastic wage. Here the estimation result is:

LnL = —2.31 + 0.65 LnY — 0.15(LaW — LnR) R? =0.86
(—12.17) (13.45) (- 0.895)

Conclusion
This paper has presented a flexible labor demand function. The presented func-

tion avoids a possible estimation bias which results from imposing the wrong restric-
tions on the production technology. The estimation results show that restricting the
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labpr demand to follow either Cobb-Douglas or the Generalized Leontief form gives
an insignificant wage elasticity. However, the flexible labor demand function shows
significant labor demand elasticity.
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