THEOPHANIS E. BENOS WILLIAM B. STRONGE
Professor of Economics Professor of Economics
Graduate Industrial School of Thessaloniki Florida Atlantic University, U.8.A.

SOME EMPIRICAL EVIDENCE
ON TWO SECTOR GROWTH



SOME EMPIRICAL EVIDENCE
ON TWO SECTOR GROWTH

Introduction

One ot the more interesting developments of the neoclassical ap-
proach to growth has been its extension to a two sector economy in order
to take into account the different characteristics of consumer and capital
goods. Much of the literature stems from Uzawa’s 1961 and 1963 papers
and is summarized in Burmeister and Dobell (1970).

Little has been done to implement two sector growth models empi-
rically, because national accounts data disaggregated into the two sectors
are not available. Recently, however, Benos (1972) has developed esti-
mates of the required data for the years 1947 - 62 in connection with a
study of tax policy. It is the purpose of this paper to perform a more
detailed analysis of that data in order to shed some light on the empirical
significance of the two sector dichotomy and the existence and stability
conditions available in the literature.

Some of the existence and stability conditions depend on the rela-
tionship between the savings rates out of labor and nonlabor income,
and on the relative factor intensities of the two sectors. These will not be
examined here because simple examination of the data will reveal that
the consumption sector has a higher capital intensity, and that the sav-
ings rate out of nonlabor income is higher than the savings rate out ot
~ labor income. Less obvious is the relationship between the production
functions in the two sectors, and this is the focus of this study.

The Cobb-Douglas Case

Benos (1972) estimated a constant returns to scale Cobb-Douglas
production function for each sector using ordinary least squares and
omitting 1954 as an outlier. The capital stock data were adjusted for
utilization using rates given in Creamer (1962). The equations were also
estimated using the employment rate to adjust for capital utilization
and the results did not differ significantly (Benos, 1972, p. 215).

The functions were re-estimated for this study and the results were:

.0154% 3165  .6835 _
L.  R®=.9827 DW — 213

S=.013 F = 39841

ch = 2.384e Kct
(-1838) (.0016)  (.1036)
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0149t .3098  .6902
Y = 2.722 Ky Lt Re — .9666 DW — 1.72
(.2674) (.0030) (.1791)

S =.018 F = 2033

The standard errors of the coefficients are written below them, but
the standard errors of the intercepts should be compared to the logs of
the reported values (.8686, 1.0012). The symbols are Y for gross private
output and K for employed capital stock both measured in billions of
1954 dollars. Employment is measured in millions of full force equivalent
employees, and technical progress is captured by a dummy variable taking
values 0.1, - - -. The subscript ¢ identifies the consumption sector; the
subscript k identifies the capital goods sector.

Both functions fit the data well as measured by the adjusted co-
efficients of determination (R?), the standard errors of estimate and the
F ratios. All coefficients are significant at the five percent level except
the capital elasticity for the capital goods sector. The fit of the production
function for this sector is not as good as the fit to the consumption sector.
The Durbin Watson statistics indicate that serial correlation of the resi-
duals is not a problem. The estimates of the coefficients reported here
are slightly ditferent than those reported in Benos (1972) and presumably
reflects the different computers and software employed in the two studies.

The striking feature of the two estimated production functions is
the similarity of the estimated coefficients for the two sectors. Expressed
as percentages of the standard errors of the equation jor the consumption
sector, the intercepts differ by 72 percent, and the capital elasticities
differ by 7 percent. The differences expressed as percentages of the stan-
dard errors of the equation for the capital sector are considerably lower
in all cases.

If the two production functions are the same, the two sector growth
model collapses to a one sector model. Any given wage rental ratio will
lead to the same capital labor ratio in both sectors (in efficiency units)
and the same output per efficiency unit with a relative price ratio of
unity. Nothing will have been gained by recognizing the different cha-
racteristics of consumer and capital goods. Thus, it is important to test
the hypothesis that the two functions are the same. To do this we use
the Chow (1960) test which tests the significance of the reduction in the
residual variance from the overall regression adhered by estimating
residual regressions (Dutta, 1975, p. 174).
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The resulfs of estimating the overall regression (combining the data
for the two sectors) were:

021t —.089 1.089
Y, = 4917 K, L. R®=.9602 DW —1.97
(.043) (.0008)  (.026)

S =.019 F = 350.9

The residual sums of squares were .002 for the consumption, .0037
10r the capital and .01 for the overall regressions. With 30 observations
the F ratio of 6.03 has 3 and 24 degrees of freedom and the tabulated
value at the 5 percent level is less than half this. Thus, we reject the
hypothesis that there is no significant ditference between the two pro-
duction functions.

The Chow test does not identify the source of the difference between
the regressions. Recent work by Gujarati (1970a and 1970b) shows the
relation between this test and the use of dummy variables. It was there-
fore decided to re-estimate the overall regression incorporating dummy
variables for shifts in the coefficients. The results were:

In Y/L,=1.001 —.1328 Z,, + .3098 In Ki/L. + .0068 Zg,
(.2352) (.3211) (.1575) (.2000)
+ .0142t —.0012Z,
(.0026) (.0038)

R?=.9745 DW =2.00 S = .015 F =223.0

. The equation is presented in log form to permif comparison of the
standard errors to their coefficients. The estimated intercept and coeffi-
cients of In K, /L, and t are the same as those reported for the production
function o1 the capital sector. The dummy variables Za-, Zx and Z, allow
for shifts in the intercept, the capital elasticity and the rate of technical
progress when the data refer to the consumption sector. None of the t
ratios for the shift variables is significant at the 5 percent level. This
does not contradict the Chow test, of course, because the latter is based
on a simultaneous confidence interval, not the intersection of individual
intervals.

While it is possible that all coefficients are truly different for the
two sectors, the failure of any of the dummy variables to be significant
in the above equation suggests that one or more of the coefficients may
be the same. To examine this six more regressions were estimated using
different subsets of the three dummy variables. The results are presented
in Table 1.
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The first row of Table 1 reports the results of estimating the equation
with dummy variables which shift the intercept and the capital elasticity
across sectors, but require the rates of neutral technical progress to be
the same. The fit of this equation is slighter better than the fit reported
above, and the common rate of technical progress (5.1 percent per an-
num) is an average of the two previously reported rates. The remaining
shift variables are still not statistically significant although their t ratios
are considerably higher.

The spreads between the intercepts and the capital elasticities for
the two sectors greatly increased between the two regressions. This is
particularly true of the capital elasticity and reflects a sharp reduction
in the value for the capital sector. The result is a capital elasticity for
consumption of .34 compared to .27 for the capital sector. The higher
value for the consumption sector implies that, for any given wage rental
ratio, the capital labor ratio in the consumption sector will be larger than
the corresponding ratio in the capital sector. In this sense, the consump-
tion sector will appear to be more capital intensive. This is sometimes
given as the stability condition for a two sector growth model with fixed
coefficients production functions (Shinkai 1960, Hicks 1965). The con-
dition is not required for stability when Cobb-Douglas functions are
used, however.

The elimination of the dummy variable for the rate of technical
progress reduces the complexity of the model significantly. The techno-
logical progress incorporated in the equations reported here is of the
disembodied type; in the words of Allen (1968) it “falls like manna from
heaven’’ coating existing factors of production in a way that makes them
more productive. Equal rates of technical progress imply that the manna
falls at the same rate on firms producing consumer goods as it has on
firms producing capital goods. If disembodied technical progress is iden-
tified with befter management techniques, the equal rates of progress
imply that the new techniques are applied at the same rafe in both sec-
tors. It is interesting that a recent textbook exposition of the two sector
model with technical progress (Burmeister and Dobell 1970) makes the
assumption of a common rate of technical progress for the purpose of
simplicity. The data suggest that the assumption may be reasonable as
well as simplifying.

Most of the other regressions reported in Table 1 are less satisfactory.
The third and fifth equations retain the dummy for the capital elasticity
(with and without the dummy for the rate of technical progress). Both of
these equations yield capital elasticities that are smaller for the consump-
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tion than the capital sectors. Thus, given any wage rental ratio the capital
labor ratio in the consumption sector (in efficiency units) will be lower
than in the capital sector. While this does not imply instability, it does
contradict the expected result. The last equation has a negative elasticity
and a poorer fit than the others. The fourth equation retains the intercept
dummy only and is therefore trivial. The second equation retains different
rates of technical progress but assumes a common capital elasticity. This
is difficult to rationalize.

In conclusion, we have shown that the estimated Cobb-Douglas
production function for the consumption sector is significantly different
from that estimated for the capital sector. None of the estimated coeffi-
cients for either sector is as much as one standard error different trom
its corresponding value for the other sector. If we were to assume that at
least one of the coefficients was equal for both sectors, the most reason-
able assumption would be a common rate of disembodied technical pro-
gress for both sectors. '

CES Production Function Case

Data on capital and labor income for each sector are also presented
by Benos (1972). If profit maximization and pertect competition are as-
sumed for each sector (and these assumptions are made as part of the
model in any case) these data may be used to estimate the parameters
of CES production functions for both sectors (Walters 1968).

Once the assumption of a Cobb-Douglas specification for the pro-
duction functions is relaxed, the type of disembodied technical progress
incorporated in the model determines the statistical specification of the
preduction function. Specifically, the technical progress may be Harrod,
Solow or Hicks neutral. A production function with disembodied techni-
cal progress contains three arguments: capital (K), labor (L) and techno-
logy (t). If the technical progress is Harrod neutral then it appears to
augment the labor input. That is, each laborer grows more productive
over time. This is usually captured by writing the labor input as L where
L = eML. The coetficient of L grows over time at a constant rate, and
thus the labor input would grow even if the labor force remained constant.
The productivity of laborers already on the job rises as a result of the
technological progress.

If the technological progress is Solow neutral then it appears to
augment the capital input. The interpretation is the same as that given
above for the Harrod neutral case, with the word labor replaced by ca-
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pital. The capital input can be written K = eMK. If the technological
progress is Hicks neutral then it appears to augment both the labor and
capital inputs, but at equal rates. Thus the arguments of the production
function are K = eMK and I = eML.

Because a Cobb-Douglas production function is multiplicative it can
be written Ae**tKel,1-¢ regardless of whether the technical progress is
Harrod, Solow or Hicks neutral. In the Harrod neutral case we have

AKoTl-e — AKe (eML)1-e = AKe et (roX[l-e — Agh (--a)tKe],1-¢

80 that A* = A(1-«). Since estimates of « and A* are yielded by the regres-
sion, an estimate of A is easily obtained. In the case of Solow neutral pro-
gress A* = 2 Ja and again an estimate of A is easily determined. In the
Hicks neutral case, A* = A.

One implication ot the irrelevance of the specification of neutral
technical change for the statistical specification of the Cobb-Douglas
production function is that we cannot use the latter iunction to decide
which specification of progress to use. The problem is simplified stati-
stically but at the cost of failing to suggest the appropriate specification
of technology.

The CES production function is additive, not multiplicative, so the
production functions with Harrod, Hicks and Solow neutral specifications
are not observationally equivalent. The three equations are (excluding
the disturbances):

1
Harrod: Y=y {8Kc® + (1-8)(eMLo®}  ®

1
Solow: Y= {3(eMK)® + (1-9) L#} %

1
Hicks: Y. = yeM {SK? + (1-3)Ly2} °

All three equations are not estimated here. We confine our attention
to the Harrod neutral and Hicks neutral cases, since these are the ones
discussed in the literature (Diamond 1965, Takayama 1965). Hicks neutral
technical change was the first one introduced into the general economics
literature, and it is still used extensively even in growth theory. Harrod
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neutral technical progress was the first type incorporated into the growth
theory literature (Harrod 1939) and it is necessary for the existence of a
steady state in a one sector neoclassical model. Solow neutral progress
is only encountered in the literature on embodied technical change.

The results for Harrod neutral progress are discussed first. The
marginal product of capital is (3YK.?) / {3Ki® + (1-8) (e"*Ls)-?} and
the marginal product of labor is [(1-8) Y(LiP-le*t] [/ {8Ke? + (1-3)
(eMLs)-*}. Hence the marginal rate of substitution (ignoring the sign) is

IY/9K _ 8 (K| (L \o¥
SY/SL = 15 Lt) K)

Equating this to the inverse of the wage rental ratio and multiplying
both sides by K, /L. yields

K _ 8 (K)o
wLe © 18 L,)

The left hand side is capital income divided by labor income (in a profit
maximizing perfectly competive industry). Taking logs of both sides
yields an estimable equation.

Estimating the above equation for the two sectors yielded

rK. = -1.8577 + .5598 K. —022t R®=.7594 DW=2.00

In In

wh.  (5685)  (.3203) L. (.0049) S=.04 F =231
1 Kk = -22207 + 6396 | K. —0316¢ R® = .7952 DW=2.17
D ST (8121)  (5440) M Ly (.0091) $S=.05 F — 282

The fits of these equations are considerably lower than those found
for the Cobb-Douglas case. Since the independent variables are the same
for the CES and Cobb-Douglas cases, this reduction in fit reflects the
greater variance of the ratio of factor shares relative to output per head.
The capital labor ratio coefficient is considerably less than twice its stan-
dard error for both equations, but the coefficients of technological pro-
gress are significant in the two sectors.

The estimated coefficients in the two sectors appear less close for
the CES functions than they did for the Cobb-Douglas, but when allow-
ance is made for the larger standard errors the two estimated functions
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again appear very similar. Expressed as percentages of the standard
errors in the capital sector, the intercept difference is 45 percent, the
difference between the coefficients of the capital labor ratio is about 15
percent, and the difference between the coefficients of technology are
105 percent. None of these differences, therefore, is statistically signi-
ficant on the basis of individual t tests.

The Chow test indicates that the two functions are significantly
different. The estimated residual sum of squares are: .1027 for the com-
bined regression, .0193 for consumption and .0340 for the capital sector.
The computed F ratio is 7.5 which is over twice the tabulated value.
Thus the hypothesis that the two production functions are the same is
not sustained. The results of estimating the combined function with the
three dummy variables defined betore are

rK = —2.2208 + .3631Z, + .6396 In K/L —798Zx —.0316v

T (7188)  (9815) (.4815) (6112)  (.0081)

4+ .0096Zt R2=.9650 DW =2.32 S=.05 F — 161.2
(.0099)

This confirms the results of comparing the differences of the coefficients
to their standard errors since none of the dummies is statistically signi-
ficant. What is remarkable the considerable improvement in overall fit
achieved by the combined equation relative to the individual ones.

Table 2 presents the results of estimating the equations with diffe-
rent subsets of dummy variables. On the basis of goodness of fit statistics
the differences between the equations are only marginal. The coefficients
of technological progress are reasonably stable for the different regres-
sions, but the coefficient of the capital labor ratio varies dramatically.

The coefficient of the capital labor ratio is an estimate of -p, the
substitution parameter in the CES production function. The fact that
the estimates are all positive means that the estimates of p implied by
the regressions are all negative. Because the elasticity of substitution is
1—_*_1—9 and because the estimated p is larger than -1 (except in the final
regression) the results given here yield estimates of the elasticity of sub-
stitution which are greater than unity.
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The relatively high elasticities of substitution, if representative of
the true situation, suggests that the Cobb-Douglas function is not a
valid representation of production conditions in a two sector economy.
On the other hand, the estimates of p are considerably less than twice
their standard errors so that the null hypotheses cannot be rejected. Since
the CES function tends to the Cobb-Douglas as p—0, the data are not
inconsistent with the Cobb Douglas model. Further, high elasticities are
surprising on the basis of annual data over a short time span. It should
be noted, however, that the work of Drandakis (1964) suggests that high
elasticities of substitution will result in a stable two sector model.

The estimated rate of technological progress implied by the equa-
tions reported above is obtained by dividing the coefficient of technology
by the estimate of p. Applying this to the individual regressions yields
rates of Harrod-neutral technical progress of about 4 percent per annum
for the consumption sector, and about 5 percent per annum for the capital
sector. These rates are considerably higher than those foundifor the Cobb-
Douglas functions, even when the latter are converted to Harrod neutral
estimates (about 2.5 percent in each sector). Insofar as the equilibrium
rate of growth is often measured as the sum of the rate of technical pro-
gress plus the growth of labor, these CES estimates appear high.

The distribution parameter & can also be calculated from the above
regressions. The antilog of the intercept is & /1-8 which can be solved for
3. On doing this, a range of estimates of 3 between .8 and .9 is obtained.
As the CES function tends to the Cobb Douglas, 3 tends to the capital
elasticity in the latter function, which is also an estimate of capital’s
share (in the absence of technical progress). By this comparison, the
estimates of § found here appear high.

To summarize the comparison of the CES [Harrod neutral production
functions to the Cobb-Douglas ones, the CES results yield considerably
higher estimates of the elasticity of substitution, rate of technical pro-
gress and distribution parameter. There appear to be some grounds for
questioning the high values found in the CES case: the poorer fit of the
equations means that the Cobb-Douglas case cannot be rejected; the
high elasticities are surprising on short run data; the rates of technical
progress imply higher rates of growth than usually observed; and the
high values of 3 imply extraordinarily high capital shares.
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Hicks Neutral Technical Progress

An alternative specification of technology is Hicks neutral technical
progress. If this is incorporated in the production function, the marginal
rate of substitution emerges as a function of the capital labor ratio alone,
since the term yeM cancels out in both the marginal products of labor
and capital. The results of estimating the relative factor shares function
for both sectors were (in log linear form):

K. = 3877 —7243 . K. R = 4082 DW = 1.61 S = .06

1

oo 4170) (2219) P L

F = 10.7

rKy = .4244 —1.1493 K. R® = .6215 DW = 2.05 S = 0.07
Lc

Lo (3786) (2347)

In
F = 24.0

It is noteworthy that the R2,S and F goodness of fit statistics are reduced
considerably when compared to the regressions including technology.

On the other hand, these regressions do not appear to be subject
to the same criticisms as the Harrod neutral case. The elasticities of
substitution and distribution parameters are considerably lower. The
results suggest an elasticity of substitution of .58 in the consumption
sector and .54 in the capital sector. Both elasticities are significantly less
than unity (we reject the null hypotheses on p) although their sum is
close to unity. These estimates are more in accord with expectations.
The estimates of the distribution parameter are about .6 in both sectors,
still high, but not outside the range of expectation.

The two estimated functions do not appear to be as close to each
other as they were in the Cobb-Douglas or CES /Harrod-neutral cases.
The Chow test, moreover, confirms that the functions are significantly
different. The resulls of estimating the equations with the dummy vari-
ables are presented in Table 3. None of the dummy variables is significant
if both are included ; if one is excluded, the other is significant. Excluding
the dummy variable for the intercept has little impact on the equation,
whereas excluding the dummy variable for the slope has a considerable
effect on the coefficients. Given the extremely low tratio for the intercept
dummy (when both dummies are included) it seems likely that the source
of the difference between the two equations is the difference between the
substitution parameters. Thus, insofar as the two production functions
are different, this reflects different elasticities of substitution.
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TABLE 3

Selected CES Production Function Functions with Hicks Neutral Technical Change

Intercept Za Ih K|L
L4244 —.0367 —1.1493
(.8546) (.5727) (.2198)
414 .7095 —.9549
(.2649) (.0508) (.1640)
4104 nie —1.1406
(.2732) (.1695)

a ni= not included in the regression

L4042
{.0277)

R Ky bw F
.9277 .07 1.89 125.0
9258 .07 1.80 181.9
.9304 .07 1.89 194.7
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The rates of technical progress can also be obtained jfor the Hicks-
neutral case. A ‘““technical progress’ series can be computed as y(t)=Y
1

| {3K-» + (1-8) L} ® using the estimates of p and 3 obtained
previously. The technical progress series from the three equations repor-
ted in Table 3 were regressed against an exponential trend with dum-
mies for the intercept (efficiency parameter) and rate of Hicks neutral
technical progress.

The results are presented in Table 4. They are remarkably uniform,
regardless of whether the equations were estimated using technical pro-
gress series calculated from the first, second or third equations in Table
3. They indicate that the rates of technical progress (coefficients of t) are
the same in both sectors (.016). The efficiency parameters are signifi-
cantly different (antilogs of the intercepts) 2.39 in the consumption sector,
and 1.92 in the capital sector. It is remarkable that the CES and Cobb -
Douglas production functions with Hicks neutral technical progress
should yield results that suggest a common rate of progress in both sec-
tors. Both also yield capital elasticities or distribution parameters that
are similar. The essential difference between the two specifications is the
lower elasticities of substitution in the CES case.

Conclusion

Cobb-Douglas® and CES production functions were fit to annual
output capital and employment data disaggregated into consumption
and capital for the U. S. from 1947 to 1962. The Cobb-Douglas functions
fit the data relatively better than the CES functions. Although the esti-
mated coefficients were very close, the functions for the two sectors were
significantly different. The results for the Cobb-Douglas and CES [Hicks
neutral cases were very similar except for lower elasticities of substitution
with the CES function. Both suggested very similar rates of technical
progress and capital elasticities (distribution parameters) in both sectors.
The major difference was in the efficiency parameter. The results suggest
that the model is stable. The CES /Harrod neutral functions gave consi-
derably higher estimates of the elasticity of substitution, distribution
parameter and rate of technical progress in both sectors.
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TABLE 4

Technical progress in Selected CES |Hicks-Neuntral Production Functions

Serive layo Zyo t Z yod
1 8671 —.2155 .016 —. 001 .9879
(.0072) (.0102) (.0008) {.0041)
.8675 —.2163 .015 nis .9884
(.0057) (.0053) (.0006)
.759% nis .0263 - —.0206 .7871
(.0218) {.0027) (.0026)
v ©.9265 —.3727 .016 —.0004 .9948
(.0072) (.0102) (.0008) {.0011)
.9270 —.3736 .016 nis .9950
{.0057) (.0058) {.0053)
Ys .8698 —.2234 .016 —.0001 .9885
(.0072) (.0102) (.0008) (.00114)
.8702 —.2242 .016 nia .9889
(.0057) ~ {.0053) (.0006)
.7581 nia .0266 —.0218 .7828
{.0221) - , (.0028) {.0027)
v1 = Technological progress series obtained from the first regression in Table 4
va = Technological progress series obtained from the second regression in Table 4
vs = Technological progress series obtained from the third regression in Table 4

# ni= not included in the regression

DwW
2.09

2.09

A5

2.08

2.08

2.09

2.09

s

.02

.02

.07

F
791.5

1232.5

54.6

1838.1

2862.2

830.6

1293.5

53.3
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