Factor Substitution in Small and Large
U.S. Manufacturing Establishments:

1977—82*

Sang V. Nguyen
Arnold P. Reznek

ABSTRACT. The objective of this article is to assess the
possibility of differences in factor substitution in the pro-
duction of small and large U.S. manufacturing establishments.
For empirical implementation, we specify and estimate
separate three-factor translog production factors, using
confidential plant-level data for five four-digit industries
extracted from the US. Bureau of the Census Longitudinal
Research Database. Our primary finding is that for most
industries under study, small establishments appear to be at
least as flexible as large establishments in factor substitution.
This finding, together with our previous results on economies
of scale (Nguyen and Reznek, 1991), suggests that for the five
industries under examination, large size is not a necessary
condition for efficient production.

I. Introduction

In recent years, there is a growing body of
evidence indicating that small businesses play a
significant role in the U.S. economy, and that a
large portion of economic growth and change
comes from them.! Most notably, the Small
Business Administration (1987) reviewed recent
research and concluded that “small is not neces-
sarily inefficient and that small firms make con-
tributions to overall efficiency” (p. 107). To
explain the efficiency of small firms, the Report
cited the following factors, among others:

Many small firms act as market demand “shock ab-
sorbers.” By employing flexible production technologies
(emphasizing the use of labor and less capitalized capital
goods), small firms have greater flexibility than large firms
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in adjusting their relative production levels and are thus
better able to accommodate random, short-term fluctua-
tions in demand . . . (pp. 108—109)

A key question, therefore, is whether small firms
have greater flexibility in substituting one input for
another (in particular labor for capital).” Techni-
cally, this question is equivalent to asking whether
the elasticity of substitution between capital and
labor in small firms is greater than in large firms.
This question is also relevant for economic policy.
For example, an answer of yes supports the argu-
ment that policies to promote small business do
not necessarily involve sacrificing economic effi-
ciency.

The objective of this paper is to directly test
the above hypothesis. To do so, we develop a
transcendental logarithmic (translog) model to
estimate and compare the substitution elasticities
for both small and large production units. An
advantage of this model is that it can provide
estimates of elasticities of substitution without
imposing a priori restrictions on the substitution
relationship among factor inputs.

Our work differs from others in that previous
empirical studies of factor substitution have often
been based on published aggregate data. Such
aggregate data do not accurately reflect the
activities of production units, and results based on
these data are subject to aggregation bias.’ In this
paper, we apply microdata at the plant level to our
production analysis. These confidential data are
extracted from the Census Bureau's Longitudinal
Research Database (LRD), which is perhaps the
most comprehensive microdata base available for
the study of production. It contains data for all

manufacturing establishments, both “small” and
“large™ by any definition.*
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We classify the study as preliminary for two
reasons: First, we examined only five 4-digit SIC
industries. Our experiments with the data led us to
select the following five industry groups: (1) SIC
2335: Women'’s, Misses’s, and Juniors’ Dresses,
(2) SIC 2511: Wood Household Furniture, Except
Upholstered, (3) SIC 2711: Newspapers, (4) SIC
3573: Electronic computing Equipment, and (5)
SIC 3662: Radio and Television Transmission,
Signaling, and Detection Equipment. Second, this
study did not fully utilize the LRD, which contains
annual panel data beginning in 1972. Instead, for
simplicity we used cross section data for only two
census years, 1977 and 1982.

We selected these data and industries mainly
because we wanted to maximize the number of
establishments (including both small and large) so
that we could obtain robust parameter estimates of
production models and hence robust elasticity
estimates of small and large establishments. While
the number of industries being studied is limited,
and the data employed are far from perfect, use of
these microdata can reduce aggregation bias to
allow generation of some meaningful results, and
more important, provide good direction for future
research.

Our primary finding is that for the five indus-
tries under study small establishments are no less
flexible than large establishments in factor sub-
stitution — in fact, some of the evidence suggests
they may be more flexible. Further, the small
establishments do not fare worse than the large
establishments in factor substitution during the
1982 recession — in fact, some of the evidence
suggests they fare better. Together with our previ-
ous results on economies of scale (Nguyen and
Reznek, 1991) this finding suggests that, for the
five industries under examination, large size is not
a necessary condition for efficient production. The
finding is also consistent with the view that since
small producers cannot vary their scale of opera-
tions as much as large producers can, the small
producers need to be able to substitute inputs
readily so they can survive, especially over the
business cycle or during periods of relatively high
fluctuations in demand.

The remainder of the paper is organized as
follows: Section II presents the factor substitution
model. Section III briefly discusses the data and

estimation procedures. The empirical results are
discussed in section IV. Section V summarizes and
concludes the paper.

II. Measuring factor substitution

Conventionally, the partial Allen elasticity of
substitution (AES) and the cross-price elasticity of
factor demand (CPE) are used to measure the
substitution relationships among inputs in produc-
tion. The AES between input X; and X; is defined
as >
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where X, is the i" input (e.g. labor), F; is the partial
derivative of the production function Q = F(X,,
X,, ..., X)), with respect to X, F, is the second
partial derivative of F with respect to X; and X,
and |F| is the determinant of the bordered
Hessian matrix F, and | F is the cofactor of F; in
| F|. The price elasticities of factor demand are
defined as®
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where 7, and #; and #; are the own and cross-
price elasticities of factor demand, and w, and §,
are the price and the cost share of input /.

Before proceeding, some important properties
of the above elasticities should be noted,

(i) Both the AES and CPE are one-input-one-
price elasticities. That is, both elasticities
measure the responsiveness of one input
(input 7) to changes in the price of another
input (input ;).

(i) The cross AESs are symmetric (ie., o} =
o)), but the CPEs are generally non-sym-
metric (i.e., 17, # 7).
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(iif) Both the AES and CPE must have the same
sign because the AES is simply equal to the
CPE divided by a factor share which is
always positive. A positive value of ¢ or »,
indicates that an increase in the price of input
J will lead to an increase in the demand for
input i, suggesting the inputs / and j are
substitutes. Conversely, a negative value of
the elasticities indicates that the two inputs
are complements.

In comparing the AES and the CPE, it is clear
that the AES is inferior to the CPE for two
reasons. First, the AES is more restrictive than the
CPE [due to property (ii)]. The second reason is
that the CPE is an exact measure of the respon-
siveness of one input to a change in the price of
another input, whereas the AES is not. For
example, a cross-price elasticity between capital
and labor, 7, , having a value of 2 indicates that
an increase of one percent in the price of labor will
cause an increase of two percent in the demand for
capital. In contrast, the AES is simply a disguised
CPE. That is the AES is a result of dividing the
CPE by a factor share. Thus, the AES is harder to
interpret than the CPE.

In spite of the its shortcomings, the AES has
been used as a standard statistic reported in
empirical studies of factor substitution in produc-
tion (e.g., see Berndt and Wood, 1975, Magnus
1979, and Solow, 1987). Recently, Blackorby and
Russell (1989) formally show that (among other
things) the AES does not measure the ease of
substitution and provides no new information
about factor shares, beyond the information
already contained in the price elasticities. More
importantly, they show that an alternative, the
Morishima elasticity of substitution (MES), is an
exact measure of factor substitution (or comple-
mentarity) because it is an exact measure of the
curvature of the isoquant (or the ease of sub-
stitution). The MES, o} and o}, is defined as
follows:

o} =3In[X,(w, Q)/X,(w, Q)}/d1In w,

= nij - ’L}: and (33)
o}f =3 InX,(w, Q)/X,(w, Q)}/aln w,
=T N (3.b)

where ( denotes output, w is s vector of input
prices. Other variables are already defined.

As with the AES, a positive value of o}/
indicates that inputs i/ and j are substitutes, while
a negative value indicates that the two inputs are
complements. But there are important differences
between the AES and the MES’: (1) the AES is
sign symmetric (i.e., 0; = o) but the MES is sign
asymmetric (i.e., o} is not necessarily equal to
o). (2) Tt is possible for two inputs to be Allen
complements but Morishima substitutes (if the
inputs are Allen substitutes, they must also be
Morishima substitutes). (3) With more than two
inputs, it is possible that one input may be a
substitute for the other if one input price changes,
but a complement if the other input price changes.

These differences arise because the AES is a
one-input-one-price elasticity, while the MES is a
two-input-one-price elasticity. That is, the AES
measures the percent change in the demand for
one input given a small percent change in the price
of another input (where the change is divided by
the cost share of the factor whose price changes),
whereas the MES measures the percent change in
the ratio of the demand for factor i to the demand
for factor j, for a small percentage change in the
price of factor /.

In this study, we use elasticities as indicators of
the “flexibility” of the production unit in utilizing
factors of production. A relatively more “flexible”
production technology allows higher degrees of
substitution among pairs of factor inputs. In con-
trast, a relatively “inflexible” production tech-
nology permits relatively less input substitution for
the same pairs of inputs. On an absolute scale, we
can say that an a production function is inflexible
for a pair of factor inputs if the two inputs have
elasticities of substitution that are zero or negative
(complementary).®

Thus, elasticities of substitution reflect tech-
nical relationships among factor inputs that are
important to entrepreneurs and economic policy
makers. The above discussion indicates that MES
is superior to the AES for measuring factor sub-
stitution.” But because the AES has been a
standard statistic reported in the empirical litera-
ture of factor substitution, we estimate and report

both the MES and the AES. We also calculate and
report the CPE. This provides an opportunity for
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an empirical comparison of the three competing
elasticities.

To estimate 04, 0", and n we need to specify
and estimate the production function F with a
specific functional form. Because we are interested
in comparing factor substitution in the production
process of small and large establishments, it is
most appropriate to use a functional form that
does not impose unnecessary restrictions on the
substitution relationship among factor inputs.

Among the currently available flexible func-
tional forms,'? we choose to specify and estimate
the following three-factor translog production
function™

In(Q)=a,+ ap;DT + ayxIn(K)+ a,In(L)
+ ayIn(M)+ 0.5a,(n K)?
+0.5a,,(In L)+ 0.5a,,(In M)?

+ ay, In(K)In(L) + ay,, In(K) In(M)
+ @, In(L) In(M), 4)

where In is the natural logarithm; Q, K, L, M are
output, capital, labor, and materials; DT is a
dummy variable having value equal 1 if the
establishment is owned by a multi-plant firm;
otherwise DT = (. This variable is included to
capture the firm type effect, if any, on the pro-
duction of the establishment.

For further generality, we do not assume con-
stant returns to scale in production. For a com-
plete discussion, see Nguyen and Reznek (1991).
Imposing homogeneity of degree A results in the
following restrictions on the parameters in (4):

ax+a, +ay=2 (4a)

Ay - (1592 + Gpyr™= 0
ay tag +a =0
Qg T Aag T =10 (4b)

The returns to scale parameter can be estimated
directly by substituting into (4a) into (4) before
estimation.

Within the context of a three-factor translog
production function, it can be shown that the
AES between each pair of inputs can be esti-
mated using the formula'?

of =|Gl/|Gl, (5)

where |G| is the determinant of the bordered
Hessian matrix of the three-factor translog func-
tion (4) which is
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and |G,/ is the cofactor of G, in G; §; is the
actual cost share of input i (i = K, L, M); and
@,a; are the estimated parameters of the produc-
tion function (4). After we obtain the estimated
of’s, we use them in equations (2) to estimate
price elasticities of demand, 7, We then use
formulas (3) to calculate the MES, o

III. Data and estimation procedures
1. Data

For each of the five industries under study, we
use cross-section establishment level data extracted
from the Census Bureau’s LRD for 1977 and
1982. While cross-section data are subject to
certain limitations, they have some advantages for
the purpose of this pilot study. In particular, for
the most part, cross-section data reflect tech-
nology at a single time and thereby allow us to
avoid the problem of separating the effects of
factor substitution from those of technological
change on production. Also, use of data from the
two Censuses permits a preliminary comparison
of changes in factor substitution between the
two Census years. A more thorough comparison
would require a great deal of additional work; see
Section VI for an explanation.

The details on industry selection and data
construction are fully discussed in Nguyen and
Reznek (1989, 1991).

2. Estimation procedures

As stated earlier, the main objective of this study is
to compare factor substitution in the production
process of small and large establishments. There-
fore, it is important to clarify the terms “small” and
“large.” Here, we want to emphasize that these
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terms are relative, and it is impossible to offer a
universally accepted definition for small and large
establishments. Whether an establishment is small
or large in a particular industry depends on the
type of industry. For example, an automobile
manufacturing plant that has 600 employees is
small, whereas a dress manufacturer having 500
employees can be rightly considered as large.
Therefore, instead of drawing a definite line
between small and large, for each industry we
classify production units into five employment size
classes,

Size class 1: establishments with 5 to 19
employees.

Size class 2: establishments with 20 to 49
employees.

Size class 3: establishments with 50 to 99
employees.

Size class 4: establishments with 100 to 199
employees.

Size class 5: establishments with 200 or
more employees.

Note that we do not include establishments with
less than 5 employees because the data for those
establishments in the LRD are largely imputed
from the data for larger establishments.

For each industry under study, we estimate five
separate production functions of the form (4), one
for each of the five size classes; and we then use
the estimated parameters to calculate elasticities of
substitution and elasticities of demand for factor
inputs. Theoretically, the translog production
function (4) provides all the parameters needed
for the estimation of the elasticities and hence it
can be estimated using a single-equation estima-
tion method. However, single-equation estimation
methods neglect the additional information con-
tained in the share-equations. Therefore, we
simultaneously estimate the production function
and n—1 share equations as a multivariate regres-
sion system.'?

Using equation (4) and invoking cost minimiza-
tion conditions we derive the following input
demand equation system by equating cost shares
to the logarithmic marginal products (i.e., first
derivatives of the translog production function
with respect to individual inputs),

1
Sk = 1 lax + agx In(K) + ay, In(L)

+ ayyIn(M)]

|
S, = 0 @, +a;, In(L)+ ay, In(K)

+ a, /In(M))

Sy =% [ay + ayyIn(M)+ ayy, In(K)
+a,yIn(L)] (7)

We use the Zellner's seemingly unrelated
regression method (1962) as implemented in the
SAS statistical package,'* to jointly estimate the
KLM production (4) and, two of the three share
equations (7). We choose to delete the capital
share equation from the estimation (see the discus-
sion above). But we can derive the parameter esti-
mates in the capital share equation using the
parameter estimates from the production function
and the other two share-equations, also using our
assumption that production function is homogene-
ous of degree 4:

Gy =4—a; —ay

Ay =0 — 0y
gy = —Qyp — Oy
A =y T ayy +2a,, (8)

Kmenta and Gilbert (1968) showed that the
Zellner estimates will converge to the efficient
maximum likelihood estimates. For the small
sample properties, Zellner (1963) also showed
that his estimates are unbiased and efficient
relative to ordinary least squares estimates.

IV. Empirical results

1. The estimated production functions'

Our primary focus in this paper is on the estimated
elasticities; however, because these elasticities are
calculated based on the parameter estimates of the
production function, it is important to know how
well the model performs. First, we find that all 50
estimated production functions reported in Tables
I through V appear to be “well-behaved.” A “well-
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TABLE 1
Parameter Estimates of the Translog KLM-Production Functions
(Asymptotic standard errors in parentheses)
Women's, Misses’, and Juniors’ Dresses (SIC 2335)

Parameters Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5
1977 1982 1977 1982 1982 1977 1982 1977 1982
a, 1.927* 1.590* 2.033* 1.495* 1.967* 1.549* 1.790* 1.715* 1.556* 2.480*
(0.036) (0.041) (0.056) (0.67) (0.098)  (0.146) (0.185) (0.284) (0.253) (0.581)
a; 0.587* 0.707* 0.590* 0.703* 0.591* 0.707* 0.600* 0.658* 0613* 0.536*
(0.007)  (0.010)  (0.009) (0.012)  (0.014) (0.022) (0.022) (0.036) (0.025) (0.063)
ay 0.242* 0.237* 0.234*  0.247* 0.256*  0.230* 0.256* 0.242* 0.278* 0.228*
(0.004)  (0.003)  (0.004) (0.004)  (0.006) (0.007)  (0.009) (0.012) (0.012) (0.024)
a;; 0.184* 0.140* 171" 0.170* 0.158*  0.155* 0.179* 0.166* 0.171* 0.048*
(0.003) (0.006) (0.002)  (0.006) (0.003)  (0.007) (0.006) (0.012) (0.010) (0.029)
Ay 0262 0.162* 0.154* 0.140* 0.146* 0.142* 0150 027" 0153 0.120*
(0.002) (0.002) (0.003)  (0.002) (0.003)  (0.005) (0.006) (0.007) (0.008) (0.013)
(39 ~0.139% —0.121* —=0.136* -0.113* -0.132* =0.111* —0.137* -—=0103* —0.119* =0.077*
(0.002) (0.003) (0.002) (0.002) (0.003)  (0.004) (0.005) (0.006) (0.006) (0.013)
A 0.976* 0.130* 0.958* 1113 0.968* 1.082* 0.996* 1.043* 1.037* 0937*
(0.010) (0.013) (0.014) (0.017) (0.021)  (0.030) (0.034) (0.052) (0.039) (0.090)
ar 0.140* 0.193* 0.009 0.051 0.052 0.168* 0.047 0070 =0.112* -0.092
(0.037) (0.061) (0.031)  (0.043) (0.031)  (0.044) (0.038) (0.056) (0.51) (0.141)
Adjusted R?
InQ 0914 0.833 0.804 0.819 0.782 0.776 0.821 0.758 0.881 0.691
SL 0931 0.776 0.909 0.824 0.889 0.850 0.945 0.789 0.908 0.672
SM 0.950 0.866 0.926 0.873 0.910 0.888 0.956 0.844 0915 0.901
Numbers of observations (N)
S5 1080 787 942 423 361 172 137 79 40

* Denote “Statistically significant” (different from zero) at the five (or less) percent level.

behaved” production function requires that output
increases monotonically with all inputs and its
isoquants are convex. Monotonicity implies that
all the estimated cost shares of inputs are non-
negative. The convexity condition is satisfied if the
bordered Hessian matrix of the first and second
derivatives is negative. We find that for all 50
estimated productions there is no statistically
significant violation of these conditions when
evaluated at the means of the variables.'® Second,
we find that the data fit the model well. For all
equations, the conventional measure of goodness
of fit, R?, is high. Third, all estimates for the first
and second order coefficients (@, @,) as well as the
scale parameter (A) are highly significant through-
out 50 regressions.

The foregoing suggests that the estimates are
robust and hence the elasticities derived from
them are reliable. These estimated elasticities are
discussed next.

2. Factor substitution

In this section, we first provide a brief discussion
and general interpretation of the estimated elas-
ticities. We next empirically compare the three
types of elasticities. Finally, we discuss the results
in the context of the flexibility of small and large
establishments in factor substitution.

Tables VI—X show the values of the MES, oV,
AES, o4, and the CPE, 7, estimated by size class
for the five industries under studies. All elasticities
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TABLE Il
Parameter Estimates of the Translog KLM-Production Functions
(Asymptotic standard errors in parentheses)
Wood Household Furniture Industry (SIC 2511)

Parameters  Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5
1977 1982 1977 1982 1977 1982 1977 1982 1977 1982
a, 1.868* 1.538* 1:200% 1505 2327 2244 2.969* 1.979* 1.732% 2.552*
(0.112)  (0.079) (0.129)  (0.120) (0.244)  (0.270) (0.329) (0.294) (0.142)  (0.194)
a; 0.488*  0.553* 0:562 0377 0.506*  0.558* 0.488*  0.608* 0.588*  0.597*
(0.017)  (0.014) (0.017)  (0.017) (0.026)  (0.029) (0.031) (0.028) (0.017)  (0.025)
ay 0.207*  0.202* 0.225*  0.190* 0.156*  0.184* 0.105* 0.192* 0.144*  0.077*
(0.009)  (0.009) (0.010)  (0.011) (0.011)  (0.016) (0.013)  (0.018) (0.011)  (0.017)
a, 0:128* D110% 0137  0.128* 0.147*  0.140* 0.141*  0.148* W:173% . 01638
(0.007)  (0.006) (0.009)  (0.007) (0.010)  (0.010) (0.011)  (0.010) (0.008)  (0.011)
Apn 0.156*  0.200* 0.214*  0.205* 0.182* 0.157* 0.195*  0.207* 0.242*  0.230*
(0.006)  (0.005) (0.007)  (0.006) (0.010)  (0.010) (0.013) (0.010) (0.009)  (0.010)
Qy —0.096* -0.094* -0.104* -0.098* -—0.107* -—0.083* —0.113* -0.129* —0.127* —-0.119*
(0.005)  (0.003) (0.005)  (0.005) (0.007)  (0.007) (0.008)  (0.008) (0.007)  (0.008)
A 0.939*  1.054* 1.079 1.051* 0.885*  0.930* 0.807*  0.986* 0995 (0.912*
(0.027)  (0.018) (0.026)  (0.023) (0.042)  (0.045) (0.051)  (0.043) (0.019)  (0.025)
ar 0.187* —0.042 0.119*  0.050 0.152*%  0.134* 0.042 0.020 —0.009 —0.003
(0.050)  (0.041) (0.031)  (0.034) (0.035)  (0.042) (0.038)  (0.034) (0.027)  (0.037)
Adjusted R?
InQ 0.827 0.879 0.844 0.851 0.728 0.700 0.678 0.784 0.913 0.837
SL 0.660 0.562 0.644 0.684 0.748 0.677 0.734 0.614 0.659 0.513
SM 0.856 0.826 0.891 0.871 0.934 0.749 0.928 0.849 0.901 0.896
Numbers of observations (N)
262 397 270 340 179 166 118 119 174 148

* Denote “Statistically significant” (different from zero) at the five (or less) percent level.

are evaluated at the means of actual shares.!” First,
we find that the estimates of the own elasticities
(off and 7;), are negative, as expected. (The own
MES is 0 by definition.) In addition, the absolute
values of the own elasticities of materials and of
labor are generally larger than that of capital,
implying that the demands for materials and labor
are more responsive to their own prices than the
demand for capital is.

All the cross elasticities between capital and
materials (0%, 0%y, OMks Nicus M) and between
labor and materials (07, 07, O3, M4 Nag) are
positive, indicating that capital and materials, and
materials and labor behave as substitutes. (This
confirms the theoretical result that if two goods

are Allen substitutes, they must also be Morishima
substitutes.) But the cross elasticities between
labor and materials are generally greater than
those between capital and materials. This result
suggests that it is easier to substitute labor for
materials than it is to substitute capital for mate-
rials.

Upon comparing the three types of elasticity,
two major results emerge. First, the estimated
MES and CPE show strong non-symmetric sub-
stitution relationships between capital and labor,
and capital and materials. For example, for size
class 5—19 in SIC 2335 industry (Table VI), the

1977 estimates for o}, and o¥,, equal 1.74 and
1.92, while those for o} and o}, equal 0.35 and
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TABLE III
Parameter Estimates of the Translog KLM-Production Functions
(Asymptotic standard errors in parentheses)
Newspapers Industry (SIC 2711)

Parameters Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5
1977 1982 1977 1982 1977 1982 1977 1982 1977 1982
a, 1776 1.733% 1.513% 1.276* 2.369* i 2.066* 1.469* 2127 1.873*
(0.051)  (0.060)  (0.083) (0.079) (0.198)  (0.140)  (0.276) (0.228) (0.104) (0.111)
a; 0.551% 0.540% {1.575* 0.647* 0.475* 0.547* 0.532* 0.647* 0.616* 0.619*
(0.009) (0.012) (0.011)  (0.011) (0.020) (0.017) (0.027) (0.026) (0.014) (0.017)
ay [ B 0.227* 0.244* 0.231* 0211 0.218* 0.238* 0.220* 0.142* 0.221*
(0.004)  (0.006)  (0.005) (0.006) (0.010)  (0.008) (0.014) (0.011) (0.010) (0.013)
oy 0.117* 0.101* 0.116* 0.124* 0.087* 0.092* 0.098* 0.120* 0.129* 0.109*
(0.004) (0.005) (0.005) (0.004) (0.006) (0.006) (0.009) (0.009) (0.006) (0.007)
[ 19 0.138* 0.136* 6 e 0.136* 0.106* 0.154* 0.123* 0.1 78" 0.152* 0.165*
(0.002)  (0.003) (0.003) (0.003) (0.005) (0.005) (0.007) (0.006) (0.006) (0.007)
a —0.056* —0.054* —0.038* -—0.058* —0.029* -—0.052* —0.027* -0.059* —0.077* —0.045*
(0.002)  (0.002)  (0.002) (0.002) (0.004)  (0.003) (0.005) (0.004) (0.005) (0.005)
A 1.006* 1-631* 1.045* 1.128% 0.887* 1.032* 0.956* 1.090* 0.988* 1.024*
(0.013) (0.014)  (0.017) (0.016) (0.035) (0.024) (0.043) (0.035) (0.013) (0.013)
ay 0.014 0.011 0.036* 0.072* 0.104* 0.095* 0.;151% 0.076* 0.079* 0.133*
(0.015) (0.017)  (0.016) (0.014) (0.028) (0.019) (0.038) (0.029) (0.030) (0.038)
Adjusted R*
InQ 0.785 0.797 0.763 0.780 0.528 0.692 0.586 0.696 0.937 0.940
SL 0.542 0.300 0.374 0.465 0.382 0.335 0.344 0.384 0.433 0.358
SM 0.845 0.755 0.829 0.759 0.813 0.822 0.850 0.863 0.760 0.858
Numbers of observations (N)
1319 964 910 1126 478 545 264 310 290 320

* Denote “Statistically significant™ (different from zero) at the five (or less) percent level.

0.32, respectively. These estimates suggest that
capital and labor are stronger substitutes when the
price of labor varies than they are when the price
of capital varies; and a similar result holds for
capital and materials.

For this industry, we do observe a relatively
symmetric Morishima substitution relationship
between labor and materials. For example, the first
row of Table VI shows an estimate of o}, equal to
3.31 which is approximately equal to an estimate
of 3.35 for o}f;. This means that labor and
materials always behave as strong substitutes
regardless of which price of two inputs changes.
Further, these elasticities are larger than the
corresponding Morishima elasticities involving

capital. Again, this result is consistent with the
observation that it is easier for plants to substitute
labor and materials for each other than it is to
substitute capital for either.

Second, for 24 of the 50 cases, the estimated
Allen elasticity 0%, is negative (admittedly many
of these elasticities are close to zero), indicating
that capital and labor are complements; but (with
only one exception), the two corresponding esti-
mated Morishima elasticities o}, and o}, are
positive, indicating that capital and labor are
substitutes. For example, for size class 5—19 in
the SIC 2335, the 1982 estimates for o}, and o}
are 1.37 and 0.36, whereas that for 0%, (= 07x)
equals —0.27.
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TABLE IV
Parameter Estimates of the Translog KLM-Production Functions
(Asymptotic standard errors in parentheses)
Electronic Computing Equipment Industry (SIC 3573)

Parameters  Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5
1977 1982 1977 1982 1977 1982 1977 1982 1977 1982
@ 2.307* 1.452% 1.862* 1.920* 1357 0.548 1.222* 1.314* 1.715*% 2.5%1"
(0.220)  (0.149) (0.322)  (0.291) (0.394)  (0.346) (0.398)  (0.405) (0.266)  (0.191)
a; 0.630* 0.620* 0.688* 0.709* 0.602* 0.759* 0.650* 0.742* 0.619* 0.674*
(0.047)  (0.035)  (0.041) (0.042)  (0.043) (0.050)  (0.040) (0.041)  (0.025) (0.021)
ay 0.102* 0.220* 0.124* 0.167* 0.202* 0.191* 0.178* 0.145* 0.159* 0.082*
(0.029)  (0.019)  (0.025) (0.018)  (0.025 (0.020) (0.019  (0.020)  (0.016) (0.013)
Qg 0.178* 0.114* 0.165* 0.158* 0.120* 0.144* 0.145* 0.161*% 0.142* 0.153*
(0.020)  (0.014) (0.013) (0.013) (0.015)  (0.018) (0.016)  (0.011) (0.010)  (0.007)
(s 790" 0.210* 0.203* 0.203* B1q3* 0.196* 0.220* 0.221* 0.207* 2N 0.206*
(0.023) (0.012) (0.022)  (0.011) (0.015)  (0.013) (0.013)  (0.014) (0.011)  (0.007)
au —-0.120%* —0.80* —0.137* -0.095* —0.92* =0.111* -0.116* -—-0.120* -—0.108* -0.110*
(0.015)  (0.008) (0.012)  (0.008) (0.011)  (0.010) (0.010)  (0.009) (0.008)  (0.005)
i 0.937* 1.138* 1.038* 1.054* 1.069* 1.252% 1.108 1.125* 1.037* 0.969*
(0.052) (0.033)  (0.061) (0.054) (0.064) (0.056) (0.058) (0.058)  (0.032) (0.023)
dy 0.098 0.094* 0.048 0.065 —0.063 0.038 0.046 0.0.72 —0.033 0.053
(0.066)  (0.048)  (0.060) (0.062)  (0.053) (0.058)  (0.054) (0.059)  (0.094) (0.065)
Adjusted R?
InQ 0.850 0.882 0.575 0.606 0.734 0.727 0.799 0.757 0.847 0.857
SL 0.706 0.500 0.684 0.600 0.468 0.585 0.703 0.749 0.628 0.692
SM 0.826 0.734 0.803 0.784 0.841 0.787 0912 0.861 0.924 0.923
Numbers of observations (N)
56 147 79 220 84 161 76 116 159 284

* Denote “Statistically significant” (different from zero) at the five (or less) percent level.

These results confirm that an increase in a

factor price could have a negative effect on the
demand of individual inputs, but a positive effect
on the ratio of the demands for the two inputs.
Furthermore these effects can differ depending on
which input price changes. When the price of labor
rises, the demand for capital falls but the capital-
labor ratio rises — which means that the demand
for labor declines even more than the demand for
capital. Similarly, when the price of capital rises,
the demand for labor falls, but the labor-capital
ratio rises — which means that the demand for

capital falls even more than the demand for labor.
But the effect on the labor-capital ratio of a change
in the price of capital is less strong than the effect

on the capital-labor ratio of a change in the price
of labor.

These results, while not surprising, do confirm
that the Allen elasticity does not tell the whole
story about input substitutability. The Allen
elasticities suggest that, in many cases, capital and
labor are two (symmetrically) complementary
inputs. But the Morishima elasticities suggest that
the two inputs are substitutable and that the
substitution relationship is non-symmetric. So, the
Morishima elasticity is preferred when the goal is
to measure ease of substitution, where substitution
is measured by changes in input ratios.

Next, we compare the estimated cross elas-
ticities between labor and materials and capital



46

Parameter Estimates of the Translog KLM-Production Functions

Radio & TV Trans,, Signal., & Det. Equip Industry (SIC 3662)

Sang V. Nguyen and Arnold P. Reznek

TABLE V

(Asymptotic standard errors in parentheses)

Parameters Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5
1977 1982 1977 1982 1977 1982 1977 1982 1977 1982
a, 1.459* 1.376% 1.203* 1.826* 1.464* 1.034 1.403* 1.818* 2.104* 2.395*
(0.162)  (0.146) (0.150)  (0.153) (0.258) (0.268)  (0.357) (0.335)  (0.135) (0.121)
a, 0.685*  0.682* 0.615*  0.665* 1177l 73 0.629*  0.716* 0.675*  0.669*
(0.028) (0.029)  (0.023) (0.022) (0.029)  (0.031)  (0.033) (0.036) (0.019) (0.018)
ay 0.169*  0.202* 0.218* 0.153* 0.174*  0.187* 0.172*  0.134* 0.095% ' (L122*
(0.016) (0.019) (0.011) (0.011)  (0.015) (0.017) (0.018)  (0.016) (0.013)  (0.013)
a 0.169*  0.136* 0.118*  0.134* 0.157*  0.160* 0.143*  0.155* 0.162*  0.134
(0.011)  (0.011) (0.012)  (0.009)  (0.011)  (0.010) (0.011)  (0.011) (0.009)  (0.007)
Ay 0.212*  0.199* 0.201*  0.195* 0.201*  0.205* 0.217*  0.198* 0.213*  0.182*
(0.010)  (0.012) (0.007)  (0.006)  (0.011) (0.010) (0.012)  (0.010) (0.008)  (0.007)
Ay =0129% =0083" =0100% 0095 '=0.117* =0102* =04I6% =0095% =01724% —0(Ro*
(0.008)  (0.008)  (0.006) (0.005) (0.008) (0.007)  (0.008) (0.007)  (0.007) (0.006)
i 1.125*  1.164* 1.136% - _1.054* 1085* 1.182*% 1.070*  1.054* 0.993*  0.986*
(0.040) (0.033)  (0.029) (0.028) (0.044)  (0.044)  (0.054) (0.049) (0.017) (0.015)
ar 0.037 —0.141* 0.014 0.069* 0.39 0.019 0.085*  0.048 0.093 0.027
(0.051)  (0.051) (0.031)  (0.30) (0.035) (0.039) (0.042)  (0.040)  (0.058) (0.048)
Adjusted R?
InQ 0.822 0.822 0.808 0.764 0.677 0.710 0.688 0.669 0.924 0.928
SL 0.630 0.593 0.589 0.556 0.582 0.564 0.615 0.568 0.516 0.420
SM 0.864 0.789 0.836 0.833 0.822 0.822 0.860 0.862 0.820 0.818
Numbers of observations (N)
157 223 289 363 204 260 158 189 254 307

* Denote “Statistically significant™ (different from zero) at the five (or less) percent level.

and materials, in two ways: across size classes
within the same year, and within size classes across
years. In this discussion, we do not use the Allen
elasticities because they give the same information
as the price elasticities.

Examining the 1977 cross elasticities between
materials and labor, we find that the furniture
industry (SIC 2511) is the only industry in which
the largest establishments (200 employees or
more) show estimated o}, o}, 17, ,,, and 7,,, that
are substantially larger than those for smaller
establishments. For the remaining four industries,
establishments that show the largest estimates are
found in smaller size classes. For example, in the
dress industry (SIC 2335), the 1977 estimates of

oMy oM, . and my, for establishments with
50—59 employees are 4.93, 490, 1.57 and 4.04,
whereas the corresponding estimates for establish-
ments with 200 employees or more are 3.87, 1.81,
1.23, and 2.31, respectively. We also observe a
similar pattern in the cross elasticities between
capital and materials.

Comparing elasticities within the same size
classes across years, we see that the newspaper
industry is the only one in which the estimated
1982 cross elasticities between materials and
labor for larger establishments remained as high as
the 1977 elasticities. For the remaining four
industries, the estimates of the elasticities between
materials and labor and between materials and
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TABLE VI
Elasticities of Factor Inputs
Women’s, Misses’, and Juniors’ Dresses (SIC 2335)

Size Year Elasticity KK EL MM KL LK KM MK LM ML
Class Type®
5-19 1977 oY 0 0 0 1.74 0.35 192 032 331 335
o} =307 294 —4.73 0.49 0.14 3.66
M —0.30 -—1.49 =187 0.25 0.05 0.05 0.01 1.44 1.85
1982 ol 0 0 0 137 0.36 489 068 5.90 5.58
a‘,} -3.05 —2.45 -17.69 =527 229 6.43
7, -0.39 ~—1.54 —-433 =017 —0.03 056 029 151 4.04
20—49 1977  olf 0 0 0 141 0.28 264 028 3.7 3
o} =314 =202 —8.46 0.26 0.32 4.08
Ny 026 —125 —2.54 0.16 0.02 010  0.03 1.23 2.52
1982 o 0 0 0 1.81 0.46 6.35  0.65 7.70 751
o} =350, =250 'S3065 0.16 1.70 8.56
;i =0dd: =170 =6.02 0.11 0.02 033 021 1.68 5.81
50—59 1977 ol’,"’ 0 0 0 143 0.27 3.77 0.30 493 4.90
0{-,.‘ =313 —=1.92 =15.07 0.19 0.52 3.52
7y 2y =130 —3.64 0.13 0.02 013  0.04 1.29 3.60
1982 o} 0 0 0 228 038 1263 1.12  14.54 13.79
0‘{,‘- =374 =308 —64.82 =0.70 529 15.85
7, =047 =277 '=1168 ‘=049 =009 0.95 0.66 2.86 11.02
100—199 1977 ol 0 0 0 1.81 0.33 4.16 0.31 5.64 5.66
af =308 =237 =16.78 0.38 0.18 6.22
;i =029 -—=156 —4.12 0.25 0.04 0.04  0.02 1:52 4.10
1982 ol 0 0 0 1.44 0.54 430 063 5.20 31
03 =381 =1l =21.32 0.41 1.09 5.80
Ny =049 =L1§ —4.09 0.28 0.05 0.21 0.14 0.11 395
200+ 1977 ol 0 0 0 1.50 0.50 287  0.56 3.87 3.81
o} =315 =222 —9.41 0.37 0.81 4.37
7 —0.44 —1.28 —2.64 0.22 0.05 023 011 1.23 2.53
1982 of,‘ 0 0 0 0.59 0.42 2.40 0.68 257 231
o} =335 =099 —8.10 —0.05 1.95 2.66
My —0.43 —0.63 ! & —0.03 —0.01 0.47 0.25 0.64 1.68

* o}/ = Morishima Elasticity of Substitution
o} = Allen Elasticity of Substitution
1, = Price Elasticity of Factor Demand

Each i, j can take on a value of K (capital), L (labor), and M (materials).

capital for the largest establishments decline
between 1977 and 1982, whereas the elasticities
for smaller establishments either remain relatively
stable or increase substantially. Again, using the
dresses industry as an example, we find that the
1977 estimates of o}y, oMy, o, and olf, for
establishments with 5—19 employees are 1.92,
0.32, 3.31, and 3.35, whereas the corresponding

estimates in 1982 are 4.89, 0.68, 5.90, and 5.58.
In contrast, the 1982 estimates of the same
elasticities for establishments with 200 employees
or more (2.40, 0.68, 2.57, 2.31) are (with one
slight exception) a bit smaller than those for the

small establishments in 1982 (2.87, 0.56, 3.87,
3.81).
The above results suggest that more often than
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TABLE VII
Elasticities of Factor Inputs
Wood Household Furniture Industry (SIC 2511)

Size Year Elasticity KK LL MM KL LK KM MK LM ML
Class Type*
5-19 1977 ol 0 0 0 2.03 0.79 1.85 0.88 3.09 3.00
o =219 =6.11 —3.40 0.67 0.97 3.90
;i —0.61 —183 —1.43 0.20 0i19 0.41 0.27 1.65 1 I
1982 oY 0 0 0 1.81 0.66 2.60 1.19 374 321
o ~2:33 —6.08 —444 —0.13 1.7 4.50
n; =0.70 —1.89 -1.86 —0.04 —0.04 0.74 0.49 1.88 137
20—49 1977 oY 0 0 0 2.10 061 315 1.21 4.64 4.04
o} —2.68 ~06.77 =807 =335 1.96 5,99
m; =0.70 il =234 =11 =003 081 051 230 1.83
1982 ol 0 0 0 2.00 0.65 2.89 1.22 4.24 3.66
o) —2.53 —6.63 =517 =020 1.87 5.15
Ny =0.71 =2.06 =212 =006 =008 0.77 0.52 2.12 1.60
50—99 1977 o 0 0 0 241 0.73 2.2 0.88 3.95 3.80
o =153 =T7.23 =322 0.49 1.05 495
M —0.61 =2.26 —1.82 0.15 0.13 0.45 0.27 2.13 1.55
1982 oY 0 0 0 199 1.02 1.82 1.03 279 2.78
o} —273 —3.16 —3.46 1.00 1.05 3.45
7y =0.75 =1.67 —1.40 0.32 0.27 0.42 0:29 139 1.11
100—199 1977 o) 0 0 0 2.30 0.59 2.65 0.92 4.35 4.02
a) ] =787 —4.92 0.04 1.34 5.38
n, —0.58 —2.28 -2.08 0.01 0.01 0.57 0.34 2.27 1.74
1982 o} 0 0 0 3.49 0.39 4.54 1.13 7.64 6.90
o =201 -—1143 -9.60 —0.63 1.98 9.98
n; —0.57 =3.70 =376 =020 =018 0.77 0.56 3.88 3.20
200+ 1977 o 0 0 0 1025 —041 13.62 243 2428 2143
Loy —288 —3767 —2868 —429 542 3232
;i =084 —=1157 =146 =132 =126 237 1.59 12.83 9.86
1982 o} 0 0 0 5.00 0.09 8.03 2.06 12.94 10.97
o; =260 =1847 =1713 =232 4.02 16.97
n, —0.81 =312 6800 =072 =072 1.52 125 6.44 225

) = Morishima Elasticity of Substitution
;) = Allen Elasticity of Substitution
1, = Price Elasticity of Factor Demand

Each i, j can take on a value of K (capital), L (labor), and M (materials).

not large establishments (with 200 employees or
more) are less flexible than smaller establishments
in both materials-labor and materials-capital sub-
stitution. Moreover, in 1982, large establishments
in most industries appear to become less flexible
in labor-materials and materials-capital substitu-
tion, whereas smaller establishments become more

flexible. At the very least, we cannot conclude that
the large establishments are more flexible in input
substitution than the small establishments.

Finally, we turn to the estimated elasticities
between capital and labor. Examining the 1977
estimated CPE, we find that, except for the Radio
and T.V. Equipment industry (SIC 3662), all the
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TABLE VIII
Elasticities of Factor Inputs
Newspapers Industry (SIC 2711)

Size Year  Elasticity KK LL MM KL LK KM MK LM ML
Class Type®
5—19 1977 o} 0 0 0 1.48 1.23 2.70 1.78 294 239
o} =255 =313 -7.90 0.83 2355 329
my =083 =kl17 —2.08 0.31 0.30 062  0.85 0.87 123
1982 o) 0 0 0 1.30 113 2.52 1.68 269 214
aj -256 =272 —6.93 0.69 2.29 2.90
y -089 —1.03 -1.90 0.26 0.24 063  0.79 0.79 1.10
20—49 1977 03’ 0 0 0 1.41 1.62 3.44 2.68 3.24 2.17
o} =321 =243, ~=1256 1.03 3.83 2.87
ny =122 =09y —2.64 042 0.39 0.80 1.46 0.60 i)
1982 off 0 0 0 1.44 1.23 3.16 1.96 257 2.64
o} =247 =276. =1048 0.74 2.80 367
n; =097 =113 —-2.49 0.30 0.26 0.67 099 0.87 1.51
50—99 1977 a‘;}' 0 0 D 1.26 1.44 2.74 2.26 2.56 1.74
o} =262 =212 =108 1.01 3.09 221
n; -1.04 —085 =217 041 0.40 0.63 122 045 0.89
1982 olf 0 0 0 1.13 1.18 5.24 3.23 5.19 3.14
o =317 =295 -—1744 =006 533 5.10
M -120 =115 =401 =002 —0.02 123 202 117 199
100—199 1977 o¥f 0 0 0 1.36 1.80 363 316 318 1.83
o =333 =248 '=I1243 1.06 442 233
Ny =128 —0.94 —2.69 0.42 0.45 0.94 1.80 0.50 0.89
1982 o 0 0 0 1.20 146 1320 752 1294  6.88
o —6.06 —537 —4290 =225 13.62 12.52
My =232 =206 =1002 —0.86 —0.86 3.18 5:21 292 481
200+ 1977 03-' 0 0 0 1.79 0.94 422 1,82 5.07 4.09
o =217 —440 —14.54 0.32 2.90 6.39
i -082 =—-167 —352 012 012 070 110 155 243
1982 U;-';’ 0 0 0 125 1.67 593 4.21 3351 297
o} —4.14 =338 =17.62 0.08 6.53 4.85
i =163 =123 —4.32 0.03 0.03 160 257 1.19 175

o} = Morishima Elasticity of Substitution
of! = Allen Elasticity of Substitution
11, = Price Elasticity of Factor Demand

Each /, j can take on a value of K (capital), L (labor), and M (materials).

estimates for »y, for the smallest size class (5—19
employees) are consistently positive, while those
for the largest size class (200 employees or more)
are either smaller or negative. We find a similar
pattern in the estimates for #,,. Thus, in 1977, it
appears that, in most industries under study, small
establishments’ utilization of labor and capital is

more price responsive than that of large establish-
ments. For the Radio & T.V. (SIC 3662), the 1977
estimates for #,, and #, , across all size classes are
negative, indicating capital and labor behave as
Allen complements in this industry.

Examining the 1977 estimated Morishima
elasticities between capital and labor, we found
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TABLE IX
Elasticities of Factor Inputs
Electronic Computing Equipment Industry (SIC 3573)

Size Year Elasticity KK EL MM KL LK KM MK LM ML
Class Type*
5—19 1977 a¥ 0 0 0 3.27 0.70  3.06 0.85 5.62 5.47
of =2.69 =9.25 —5.94 042 1.07 6.95
m; —0.61 =312 =255 0.14 0.09 047 0.24 3.03 2.35
1982 af 0 0 0 1.33 0.77 2.64 1.34 319 263
o} 344 397 -—426 —020 217 351
My —0.82 —1.40 =1 —0.07 —0.05 0.89 0.52 1.44 1.23
20—49 1977 o) 0 0 0 285 044 411 0.86 6.51 6.10
g} =220) =743 =531 —-0.24 1.58 7.95
My =050 =294 =351 =010 -0.05 060 0.36 3.00 313
1982 alf 0 0 0 1.86 0.85 2.14 0.96 3.16 3.05
aj =304 —419 —44] 0.67 1.14 3.76
i =0.70 =1.61 =170 0.26 0.15 0.44 0.26 1.45 1.44
50—99 1977 ol 0 0 0 142 0.66 245 1.09 321 2.78
o -3.03 —402 -419 -012 1.78 363
n; =068 =146 =Li2 =004 =003 Q73 0.40 1.49 1.32
1982 oy 0 0 0 1.87 0.51 3.89 L.25 5.24 4.50
0;;'- —-2.99 =5.54 =17.61 =073 252 6.04
My g8y =215 =282 =028 =017 ‘097 0.57 2.32 235
100—199 1977 ayf 0 0 0 1.95 0.48 K | 0.98 4.62 4.12
o =284 =583 =559 =054 1.87 535
Ny =059 =25 =236 =026 =0.11 0.79 0.39 226 1.97
1982 alf 0 0 0 2.37 0.56 2.63 0.79 4.44 4.21
af =267 =687 —4.73 0.05 TAY 527
;i —-054 —-2.35 —2.10 0.02 0.01 0.53 0.24 2.34 1.86
200+ 1977 o) 0 0 0 20 0.58 3.14 1.14 4.74 4.17
o} =27 =696 =556 —0.38 1.89 5.68
Ny —0.67 =230 —2.34 =013 =0.09 0.80 0.47 2.39 1.88
1982 ol 0 0 0 2.54 0.66 2.80 0.99 4.68 4.35
o} =25 =@ =509 0.09 1.41 5.76
My —0.64 —2.46 w17 0.03 0.02 0.61 0.35 2.45 1.82

* o} = Morishima Elasticity of Substitution
o0;; = Allen Elasticity of Substitution
1, = Price Elasticity of Factor Demand

Each i, j can take on a value of K (capital), L (labor), and M (materials).

that, except in only one case (SIC 2511, 1977,
200+ employees), all the estimates of o, and o}
are positive across all size classes in all five
industries. These results indicate that (with the one
exception) capital and labor are Morishima sub-
stitutes in response to changes in both labor and
capital prices. However, comparing the estimates

across size classes, we find that the estimated o}
for the smallest establishments are greater than
those for the largest establishments in four of the
five industries (all except SIC 2335). Similarly, the
estimates of o%, for the smallest establishments
(5—19 employees) are greater than those for the
largest establishments (200 employees or more) in
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TABLE X
Elasticities of Factor Inputs
Ratio & TV Trans., Signal., & Det. Equip. Industry (SIC 3662)

Size Year Elasticity KK LL MM KL LK KM MK LM ML
Class Type®
5=18 1977 ayf 0 0 0 3.06 050 414 098 668  6.21
o —-238 —854 —8.84 —0.27 171 8.24
Ny =057 =3.16 —3.45 =010 =007 067 0.41 322 3.05
1982 alf 0 0 0 173 072 3.03 1.28  4.04 347
ol =382 —4.88 —~5.90 —0.09 2.06 4.75
My —074 =176 =275 -003 =002 0.77 0.54 1.79 171
20—49 1977 %M 0 0 0 1.38 0.5 2.87 1.10 3.69 3.14
aj =289 =3.89 —5.40 ={.37 2.05 4.16
y =5 =152 -208 —015 —0.08 079 046 1.60 1.62
1982 a¥f 0 0 0 1.52 069  3.06 1.25 3.90 3.33
Lo =296 =403 =6.29 —0.14 2.16 4.46
T =073 =158 —2.28 -0.06 —0.04 078 053 1.62 L35
50—-99 1877 off 0 0 0 213 0.58 3.30 0.99 4.86 4.44
o} =288 =536 —7.08 —0.09 1.69 5.82
7y =0.60 =217 =2.67 -0.04 =002 064 039 2.19 227
1982 034 0 0 0 1.92 0.72 3.30 1.22 4.49 4.00
a} =R1E =495 —6.83 —0.06 2.04 525
7 13 =194 =233 =002 =40Bi 0.76 0.48 1.95 2.06
100—199 1579 ayl 0 0 0 1.06 049 309 098 456  4.07
o} 274 =586 =553 —0.47 1.81 3:31
y =059 =213 =2,32 =017 =010 076 0.39 223 1.93
1982 alf 0 0 0 1.82 - - 4 1.21 4.18 3.72
oy -3.06  —457 —6.53 0.05 1.96 3.88
Ny -0.74  -180 —2.59 0.02 0.01 072 047 1.79 192
200+ 1977 a)f 0 0 0 237 046  4.54 113 6.45 5.78
logs =267 —6.31 —-10.24  —0.60 235 7.63
n, =060 262 =369, =025 ‘=014 ‘G85 0.53 275 317
1982 ayf 0 0 0 1.42 077  2.67 115, =333 2.90
U}} =310 =337 —5.58 013 1.92 3.76
n; =074 =137 =199 0.05 0.03 068 046 1.34 153

* g} = Morishima Elasticity of Substitution
o} = Allen Elasticity of Substitution
1, = Price Elasticity of Factor Demand

Each i, j can take on a value of K (capital), L (labor), and M (materials).

three of the five industries (SICs 2335, 3573, and
3662). For the remaining two industries (SICs
2511 and 2711), though the estimates for g, for
largest establishments are greater than those for
smallest establishments, the opposite is true for
the estimated o). Thus, in these two industries
large establishments appear to be more flexible in
capital-labor substitution in response to changes in

the wage rate, whereas small establishments are
more flexible in capital-labor substitution in
response to changes in the price of capital. But in
general, we can conclude that, with exceptions as
noted, small establishments in 1977 appeared to
be more flexible than large establishments in
substituting labor for capital.

In 1982, the estimates of the price elasticities
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My, and 7, for establishments of all size classes,
either decline or become negative across all five
industries. Thus, based on the estimates of one-
input-one-price such as the CPE and AES, it
appears that, during the 1982 recession, small
establishments lost their advantage over large
establishments in capital-labor substitution.

But when we consider the two-input-one-price
Morishima elasticities, we find that the 1982
estimates of o} for establishments across all size
classes remain positive and relatively stable. In
contrast, the 1982 estimates of o}, decline in
most industries, for most size classes. But the
declines are for the most part not great, and the
elasticities remain positive. Thus, based on the
MES, it appears that for the industries under study
in both 1977 and 1982, capital and labor are
substitutes when the price of either capital or labor
changes, even though both capital and labor, each
alone, became less responsive to changes in the
respective cross price in the 1982 recession.
Further, the results suggest that during the 1982
recession, smaller establishments are no less able
than large establishments to adjust their mix of
capital and labor.

Overall, the estimates of the CPE and MES
suggest that, in most industries under study, small
establishments are at least as flexible as large
establishments in factor substitution. In particular,
small establishments in several industries became
even more flexible during the 1982 recession in
adjusting their mixes of labor and materials and
capital and materials, while most large establish-
ments became less flexible. Further, small estab-
lishments appear to have no disadvantage over
large establishments in adjusting their mixes of
capital and labor. So, our findings seem to indicate
that, at the very least, large establishments have no
advantage over large establishments in factor
substitution; and some of the evidence suggests
that in fact small establishments may have the
advantage.

V. Concluding remarks and areas of future
research

The purpose of this study is to assess the possi-
bility of differences in factor substitution in the
production processes of small and large establish-
ments. For empirical implementation, we specify

and estimate separate three-factor translog pro-
duction functions, using confidential plant-level
data for five four-digit industries extracted from
the Census Bureau’s Longitudinal Research Data-
base. These data are unique in that they provide
the most comprehensive information available on
outputs and inputs of “small” and “large” establish-
ments, by any definition of “small” and “large.”

Based on our classification of plant size, the
overall results seem to support the hypothesis that
small production units tend to employ production
technologies that are at least as flexible in factor
substitution as those chosen by large producers.
Together with our previous finding regarding
economies of scale (Nguyen and Reznek 1991),
this result appears to support the view that a large
establishment size is not a necessary condition for
efficient production.

But we want to emphasize that while the above
conclusions are drawn with certain degree of
confidence, they are by no means definite, for (at
least) two reasons. First, we may have a type of
selectivity bias. We deliberately selected five
industries that have a large number of small
establishments. It may be that the technologies and
market conditions may naturally allow small
establishments to survive in these industries.

Second, although the data set is valuable for
empirical research such as ours, it is far from
perfect. One limitation is that it does not contain
information on input and output prices. As a
result, real inputs and outputs cannot be measured
accurately. Most importantly, our data set does
not provide sufficient data necessary for con-
structing an accurate and theoretically sound
measure of capital services. Instead, it provides
data on capital stocks based on book values, which
are generally not an appropriate proxy for capital
input. This inaccurate measure of capital may
cause biases in the model parameter estimates.

The above limitations suggest much additional
research, the key to which lies in improving our
data set. In particular, we plan to construct a panel
(cross-section time-series) data set, using informa-
tion from the LRD to link establishment data for
all the years covered by the LRD — currently
1972—1986. Panel data would permit several
improvements, including the following: (1) It
would allow us to construct an improved measure
of capital stock that, together with measures of
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capacity utilization, could be used to obtain
estimates of capital services. It may also be
possible to at least account partially for the vintage
of capital by using data on establishment history.
(2) It would allow us to incorporate into our
models certain factors that we could not properly
account for here — technical change, business
cycle effects, firm effects, and perhaps others.
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Notes

' For example, Brock and Evans (1986) found that “Most of
the 16.8 million businesses that filed tax returns in 1980 are
small businesses by any standard. Eighty percent of 12.7
million are sole proprietorships, 60 percent of 1.4 million are
partnerships, and 90 percent of the 2.7 million corporations
filing in that year had annual business receipts of under
§50,000” (p. 8). They also found that, in many industries,
firms that had highest profits per dollars of sales in 1978 are
those with 20—99 employees (see Brock and Evans, Table
2.1, p. 10). Brock and Evans’ study appears to suggest that
“large is not necessarily better.,”

? Our use of the term “flexibility” is different from that in
much of the economic literature, but it seems natural to us.
We examine flexibility within the context of input substitution
possibilities — the more readily a firm or plant can substitute
inputs for one another, the more flexible it is in input
substitution.

The use of the term “flexibility” has not been consistent in
the literature, although it has usually meant a way of measur-
ing how readily firms or plants can respond to changes in
demand. Stigler (1939) first used the term “flexibility” to
mean those attributes of a production technology that accom-
modate greater output variations. Marschak and Nelson
(1962) define flexibility as the reciprocal of the second
derivative of total cost with respect to output. Mills and
Schumann (1985) show that flexibility can be represented by
the elasticity of supply.

Still another use of the term “flexible™ is in the context of
the flexible functional forms, which (loosely speaking) refers
to linear functions that impose as few restrictions as possible
on the technology. See Chambers (1988, chapter 5) for a
more complete discussion.

 John Solow (1987) argues convincingly that it is impossible
to determine whether two inputs are substitutes or comple-
ments using aggregate data such as those for 2-digit SIC
industries.

¢ For detailed information about the LRD, see McGuckin
and Pascoe (1988).

% See Allen, 1938, p. 504,

 For derivations of these elasticities, see Chambers. 1988,
pp. 94—95.

7 Chambers (1988) gives an accessible derivation of the
following results in the text. The MES is o) = », — #,. Note
that 7, < 0 always, for a well behaved production function.
So, if goods i and j are Allen substitutes (so that 5, > 0), then
they must always be Morishima substitutes. But if the two
goods are Allen complements (7, < 0), they can be either
Morishima complements or Morishima substitutes. Further-
more, if (7, > n, > n,. the goods are Morishima
substitutes when the price of input j changes, but they are
Morishima complements when the price of input i changes.

¥ An example of an inflexible technology is the Leontief
production function in which inputs are not substitutable
because input ratios are fixed.

? For example, if capital and labor are complementary. then
other things being equal, The Allen elasticities show that
higher wage rates will dampen the demand for labor and the
demand for new plant and equipment. The Morishima
elasticities give extra information about which demand
declines more.

'" Once again, the word “flexible” here has a different
meaning here than in the context of elasticities.

' The translog function was developed by Christensen,
Jorgenson, and Lau (1971). Applied studies using this form
include those by Berndt and Wood (1975), Burgess (1975),
Christensen and Green (1979), Kokkelenberg and Nguyen
(1989), and others. Other flexible functional forms include
the extended generalized Cobb-Douglas form (Magnus,
1979), the symmetric generalized McFadden form (McFad-
den, 1978, and Diewert and Wales (1987). We choose the
Translog function because it is the most widely used in
empirical studies. Also it is the simplest flexible functional
form and has the smallest number of parameters to be
estimated. Moreover, Kokkelenberg and Nguyen (1987)
found that the translog function is the easiest to work with in
terms of achieving convergence, in producing plausible
results, and in overall forecasting ability. Guilky, Lovells, and
Sickles (1983) also found similar results.

12" See Berndt and Christensen (1973).

13 Because the three cost shares add to one, estimating all
three share equations together results in a singular covariance
matrix. The problem can be avoided by deleting one share-
equation from the estimation procedure. We dropped the
capital share equation and derived its coefficient estimates
using the restriction in (4a). Recently Dhrymes (1989) has
suggested using the generalized inverse (g-inverse) of the
singular covariance matrix in the Aiken minimand, rather
than disposing of one equation. We did not use this method
because it has not been incorporated into the econometric
software we used.

'* See SAS Institute (1984) Chapter 20, which describes the
SAS/ETS SYSNLIN procedure. We used SAS version 5.18
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on Digital Equipment Corporation Microvax II microcom-
puter.

'S The parameter estimates in this paper are very slightly
different from those in Nguyen and Reznek (1991). The
differences result from a small programming error that has
been corrected for this paper. We wish to emphasize that all
of the interpretations and conclusions in the first paper
remain valid. For example, the scale parameter estimates (4)
in tables I through V change very little.

18 The monotonicity condition is satisfied at all data points
(i.e., there are no negative cost shares). For the convexity
condition, the hessian bordered matrix is negative definite
when evaluated at the means.

17 Most previous studies evaluated elasticities of substitution
at the means of fitted shares. However, recently Anderson
and Thursby (1986) showed that it is more appropriate to use
actual shares. In particular, they found that “a normal
distribution for the AES (Allen elasticity of substitution) is
appropriate if the estimator uses the means of the acrual
factor shares.”
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