PB-219 736

THE ELASTICITY OF SUBSTITUTION IN
DEVELOPING COUNTRIES

Henry J. Bruton

Williams College
Williamstown, Massachusetts

April 1972

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




PB 219

THE ELASTICITY OF SUBSTITUTION

IN DEVELOPINC COUNTRIES

Henry J. Bruton

Reproduced by

MATIONAL TECHNICAL
INFORMATION SERVICE

U S Department of Commerce
Springficld VA 22151

Research Memorandum No. 45
Center for Development Economics
Williams College

Williamstown, Massachusetts

April 1972

736



T -

; ‘;.jt l-‘ cl o D UNTN [ c o 338.¢12—??13 o ; ! ] FE"‘ g_zj~7—‘;/ L

L DU R ISR Y o i
! e . N et . ;
f "The Elasticity of Substitution in Developing Countries" L@P{!‘i}!ﬁ?ﬂg_w_ e
o o e
© Henry J. Bruton e
T T i ¢ e

:. LRI Dt a B ' ’
! Williams College e - !
! Center of Development Economics U Ay e

36 & 2475

IR PRRTICT
(.’.‘.'(L
Williamstown, Mass. 01267 AID/C8D- 7
P20 Sponacrn g Drpanizanion Dane end Addesss Lo e of Bepeer (b eriad
L o Cwwiel Economic Re-
search Paver 1/65-4/72

14,

. sty
R I s L & 2
[RRE LS M) P S N
aoreey .
{

16, Absiacis

In recent years a number of efforts hawe been made to measure substitutability in various
sectors of developing countries. Such efforts are handicapped by lack of adequate data
as well as by continuing conceptual and measurement difficulties. Enough results do
Seem available, however, to merit their systematic review at this time. It is the pur-
pose of this report to make such a review as well as to prasent a seriles of new estimates
The most common (though not sole) measure of the substitutebility of inputs is the elas-
ticity or substitution. It is Lhis measure to which attention is devoted in the present
paper.

Part I consists of a quick review of the elasticity of substitution and the vé?ious ap-
proaches to its measurement. Part II is devoced to a consideration of a variety of
estimates of the elasticity of substitution, and in Part III an effort is made to draw
some conclusions from the estimates of Part IT.
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The Elasticity of Substitution
in Developing Countries

The exteni of substitutability among inputs is of great
importance with respect to a number of issues of concern to the
development policymaker., Appropriate wage and employment policy
depends on how one views the substitutability between capital
and labor. So too does a satisfactory approach to a desired
income distridution, to export promotion, to educational
planning, to capital utilization, to saving rates required to
reach growth targets, Also matters relating to the stability
of the economy depend in large part upon how much substitution
exists among inputs., 1In recent years a number of efforts have
been made to measure subatitutability in various eectors of
developing countries, Such efforts are handicapped by lack of
adequate data as well as by continuing conceptual and measurement
- difficulties., Enough results do seem available, however, to
merit thelr systematic review at this time., It is the purpose
of this report to make such a review as well as to present a
series of new estimates. The most common (though not sole)
measure of the substitutability of inputs is the elasticity of
substitution. It is this measure to which attention is devoted
in the present paper.

Part I consists of a quick review of the elasticity of
substitution and the various approaches to its measurement,

Part II is devoted to a consideration of a variety of estimates
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of the elasticity of substitution, and in Part III an effort

ie made to draw some conclusions from the estimates of Part II.

I.

In the last decade a large number of estimates of the
elasticity of substitution between capltal and labor in manu-
facturing activities in the United States has been made.1 The
primary objective of these studies has been the determination
of sultable production function, The specific question has been
whether the evidence supported the assumption of an elasticity
equal to unity and hence a Cobb~Douglas function, or whether the
elasticity is other than unity (but constant) and thereby
justifies use of a CES function. This of course is an important
question, especially for certain issues, e.g., income distribu-
tion. As noted in the opening paragraph the more general
question of the existence or non-existence of substitutability
has implications for a wide range of policy matters. 1In these
instances, interest is concentrated mainly on whether the
elasticity exceeds zero and how high it can be assumed to be,

In the present report attention is devoted primarily to these
latter issues,

The elasticity of substitution relates the proportional
change in the ratio of the wage rate to the cost of capital to
the proportional change in the capital labor ratio, Write o
for the elasticity of substitution, K for capital, and L for
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labor, w and r for the wage rate and cost of capital respectively,

O_-zd L
déwfr}éwfr

o = 4 log (%)
d log (%)

then

The most straightforward method of estimeting o~ would be from

the regression equation

1) 1log (%) = log a + b log (%)

In this equation b is O, by definition of the latter., To
estimate &~ from Equation 1 requires data on capital, and for
few countries are such data available,

Fortunately, one can arrive at estimates cf <~ without
capital data, but with rather strong agsumptions, If one begins
with a CES production function, computes from that the marginal
product of labor, sets the marginal product of labor equal to
the wage rate, and converts to logs, there results (V is value
added)

2) log (%) = log a+ blogw+u

and b again is the elasticity of substitution.’ For b in 2) to
be an sstimate of O~ requires that all observations be generated
by profit maximization in competitive labor and product markets,
that the price of the product be the same in all markets, that

all producers be operating on the same production function, and
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that the quality of labor be about the same in all sectors,

The CES production function also lmplies that @ is constant
over all values of the capital labor ratio, If capital and rate
of return data are avallable they may be used in corrollary

eqation to 2). Thus
2a) log (%) =loga+blogr+u

and b is the elasticity of substitution if the same assumptions
stated for 2) are met,

One may introduce two alternative assumptions into the
eatimation of Expression 2, one involving lags and the other an
assumption about first-order serial correlatior. in the residuals.u

The simplest lag model would be the standard Koyck-type, so that
3) log (L), = loga+ o= (1 - A) log w, + A\ log (¥)
L'/t € % L/t-1

when a one year lag is employed., Additional lags might be intro-
duced, but when this is done additional problems appear, especially
those having to do with technical change,

On the other hand it may be assumed that Expression 2
holds without lags, but that when estimated there is first-order
serial correlation of the residuals due to some (unknown) reason
for mis-specification, If this serial correlation is of the
form u, = pu,_4 +ouy, and this expression is included in Expres-

sion 2), then the estimating equation becones

k) 1log (%)t = log a + ¢~ log W, + p log (%)t-l - g°P log w,
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This model implies that the coefficient of the lagged wage rate
(the only difference btatween Expressions 4 and 3) is negative
and equal to the product of the coefficients of the other two
explanatory variables, If the regression ylelds a coefficent
of w._y that is in fact approximately equal to - g p, and
significant, then this would be strong evidence of the appropri-
atoness of 4) as the estimating equation,

The elasticity of substitution in United States manufac-
turing has been computed from both cross section and times series
data, The latter data yleld uniformily lower estimates of ¢ .
In general it would seem that cross section estimates are a bit
more satisfactory, l.e., meet the necessary assumptions more
completely., With time series data the chief difficulty is that
of correcting for changing technology and for cyclical fluctua-
tions around a trend. As emphasized earlier, the use of cross
section data rests on assumptions that wage rates differ while
product prices are the same from observation to observation,
and technology is the same for all obhservations. These too are
strong assumptions of course, but more easily dealt with than
with those necessary for the use of time series. 1In the
discussion to follow results from both time series and cross

section data are reviewed,



II.

Three major efforts at estimating the elasticity of
substitutlon in developing countries will be reviewed, those
of Williamson for the Philippines,5 of Katz for Argentina.6 and
of Danlels for eight developing oountries.7 Then some new
estimates for Mexico are presented followed by another new set

of estimates based on cross country regressions.

a. The eight countries included in Daniels‘’s work are
Argentina, Chile, El1 Salvador, Korea, Paraguay, Peru, Portugal,
and Spain. Each country is rerresented, where possiblu, with
observations for regions or states within the country. The
number of observations vary from 13 to 54, Dats were converted
to United States dollars by means of a purchasing power parity
measure, Data apply to various years between 1954 and 1961,

The equation fitted for the 1th industry is

log (%)i.i =a+0 log Wi 4 + Uy 5

where j = 1----m, are the observations in the sample.

The manufacturing sectors of the eight countries are
assumed tc¢ be similar enough that the assumption of a common
production function is reasonable, This «f course is a necessary
assumption in all cross country analyses. The assumption that
wage rate differences among the regions of a country are such

that they produce observations along a production function is
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a bit more suspect, If regions within a country are small and
interregicnal mobllity is great, then the observed differences
in wage rates may represent simply random variations that do
not affect factor combinations, It is quite probable (though
Daniels does not include the data) that wage differences among
countries is much greater than within countries, These former
differences would then dominate the regression, A similar point
holds with'respect to product prices, Product prices are much
.more likely to be the same within the individual countries thun
among them., This seems likely to be the case even with a fairily
satisfactory purchasing power parity measure.

The results of Daniels’s calculations are slhiown in Column
2 of Table 1. The estimated value of the elasticities range
from & low of ,38 to0 a high of 1.80, Eight of the 17 are greater
then unity. All are significantly different from zero on usual
criteria, The Rz's (not adjusted for degress of freedom) are
generally such that one may conclude a fair degree of consistency
between the model and the data, Evidently this set of estimates
of O~ support unambiguously the conclusion that there exists
significant substitutability between capital and labor in all

manufacturing sectors,

b, Jorge M. Katz has estimated & for 15 Argentianian
industries in 1046 and for 10 industries in 1954, He uses the
same equation as Daniels, and his observations are drawn Zrom

the 22 Argentine provinces. As not all industries are found in
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all provinces, the number of obzservations varied from 7 to 22,
The range of differen-es in wage rates was 511, relatively
modest compared to that obtained with eross country data, Pre-
sumably product prices are more or less the same among the

provinces,
Katz's estimates for 1946 are shown in Column 1 In Table

(His estimates from 1954 are generally dlfferent category by
category, but all are positive and are more than double their
standard error. Five of the 10 are greater than unity.,) These
estimates show a picture very similar to that of Daniels, 1In
1946 values of <~ ranged from .45 to 2,02 and in 1954 from A7
to 1.73. Of the 25 ¢ 's, there are three which are not signi-
ficantly dif "erent from zerv at the one per cent level, The
Rz's also suggest consistency between data and model., There is
considerable variation between the estimates for the two years,
but the ranking of the sectors for which estimates are available
in both years is very similar, Changes between the years did no

seem to follew any pattern as tc sectors or direction,

¢. Jeffrey G. Williamson estimates ¢~ ln the context of
a2 study of the demand for labor in the Philippines. He derives
two functions which determine the demand for labor as follows:
Log I.i(t) = €a -~ € log wi('c) + €ct + €4 log Qi(t)
+ (1 - €) log Ly (2-1) + €u; (t)
Log Li(t) = é'a"log (-5)1('t) + €at + &c't + é'log Ki(t)

* (1 - ¢e') log L (t-1) + G'Vi(t)

1,

t
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where €& s a sneed of acjustment coefficlent
wy is the wage rate of workers in Sector i deflated
by the price of 1 th
is value added in the i“' sector

s a measure of returns to scale
is a measure of capital steck
is a measure of the user cost of -apital

I >
[

H X

The first equation provides an estimate of g~ from the
coefficient of the wage rate and the second from the (more
fheoretlcally appealing) ratio of the user cost of capital to
the wage rate, Williamson is primerily interested in explaining
the growth of employment in the Philippines. Both of hie esti-
mating equations are consistent with the CES and Cobb=Douglas
production functions, They therefore represent methods of
estimation similar to that used Ly the other investigators
reported here, Coefficlents are estimated from pooled cross
section and time-series data for the period 1957-63., Again here
it 1s not clear what the differences in wage rates really measure
in the eross section data.

The two sets of estimates are shown in Table 2. For tie
first equation all but two estimates exceed unity, These two
groups are more nearly capltal goods producing activities., The
same general picture emerges from the second set of estimates
with the exception that Group II turns up with a relatively small

@ . The fact that the g 's for Groups IV and V are very small
supports the notion that the capital goods industries rermit less
substitution than do the consumer goods industries., This result

however is not supported from other studies,
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Under any circumstance the conclgsion from these data
is clear: substitutability between cabital 4and labor in the
manufacturing sector as a whole and in all individual sectors,
except those in Groups IV &nd V, is quite marked, It ray also
be noted in passing that Williamson's estimates of € . the speed
of adjusiment coefficient, is such that considerable iags are
involved in the adaptation of employment io changing output and
factor prices,

We now turn to two aduitional sets of estimates of the
elasticity of substitution, one for Mexican manufacturing and

the other derived from a cross section of developing countries,

d. Data for capital, employment, value added, and total
wage bill in Mexican manufacturing are availasble on a state basis
for the four digit classification of industries for 1960 and 1965,
and for two digit in 1965, Employment and capital refer to that
Prevailing at the end of the year. The capital figure includes
"intangibles” and working capital as well as reproducible |
tangible equipment. Wages and salaries include fringe benefits,
and are obtained by dividing the annual wage bill by the number
employed. Not all industries are iocated in all states, and
calculations were limited to those that appeared in at least 20,
The two key assumptions are: first, the average state of tech~
nology is the same from state to state. Thus the technology of
the textile industry in the Federal Distriet is the same as that

in the Yuecatan., This would appear to be a reasonably realistic
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assumption., Second, wage rates vary from state to state due
to the immobility of labor. As noted earlier, this second
assumption is necessary in order that the observed differences
in wage rates can be assumed to reflect differing factor supply
situations, The assumption that product »rices are the same in
all states seems to be a realistic assumption.

The availability of capitai data makes possible fitting
the data to the definitional equation

log (&) = log a + <7 (log %)

where the r used is !!“i%114& » The defects of this latter
measure are obvious, If it is assumed that the producing units
are regularly equating wage rates with labor's marginal product,
then VA - w L is determined residually, and would equal the
equilibrium coct of capital services only if the residual equalled
that equilibrium value, If, as is likely, producers are better
able to maintain employment equilibrium than they are capital
equilibrium, then this equation is less satisfactory than that

in which the wage rate alone appears. In a really long run

equilibrium of course no such problem appears,

In addition the following two regressions were also fitted

to the Mexican data:
log (%) =loga+ g logw+u

log (%) = loga+cd logr + u



These three estimates of o~ for the two digit categories
are shown in Columns 3, l, and 5 of Table 1. Generally, though
not in all cases, the estimates obtained from using the average
value added of capital and an estimated rental rate yields the
highest ¢~ 's and the highest K%,

is the fact that the three equations yield estimates of & not

More importantly however

distressingly dissimilar, and rankings (with a couple of extreme
exceptions) are virtually identical. Al®’ estimates are signifi-
cant at the one per cent level, Again it is safe to conclude
that these data support a conclusion that substantial substitut-
ablility exists between capital and labor in Mexican manufacturing
activities, This conclugion is supported further by results,
reported below, from the four digit categories.

e, In Columns 6 and 7 of Table 1 are shown estimates of
@& obtained from cross country data, Data for value added,

employment, and wage rates (wage bill over employment) were taken

from the United Nations The Growth of World Indugtry for a

variety of years., Value added and wage ratec were converted
to dollars by use of the exchange rates (see legend to Table 1

for details),
In Column 6 the estimates of &~ are from Equation % of

Part I, i,e,,
log ({-)1966 = log & +0" log Wy g¢ + D log ('%)1965

-gp log w1965
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and in Column 7 from value added of labor on the wage rate, In
the seriel corralation model, the sien of the coefficient of w65
was negative for all the categories except 35 reported in Tabls
1, Values for t varied from category to category, but were
below 2,0 in only 4 equations., In 5 of the equations the co-
efficient of w1965 differed from ¢~ p by more than .10, of which
category 35 was the most fiagrant violation. Given all this
evidence, it seems that the seriel correlation model describes
the data remarkably well, This is especially so, since (as
Grilié%%é?i?ﬁﬁ?% it is difficult to account for a negative
coefficient for w in any other way, Indeed, one would ordinarily
expect that coefficient to be positive in the absence of the
seriel correlation mode1.9

In Column 7 are shown values of ¢~ estimated from the
regression of the average value added of labor and the wage 1ate,
These estimates show no surprises, and all meet the usual tests

of significance.lo

f. In Table 3 one last set of estimates of the elasticity
of substitution are offered, These are again for Mexico, this
time for the four digit categories of manufacturing in 1960 and
1965, These results are less satisfactory than those for the
two digit categories. The three estime.tes for each year vary
markedly among themselves, so that there is less grounds for
confidence in the appropriateness of the estimating equation,

2

The adjusted R”'s are also lower in general than are those for
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the two digit categories, and this too suggests less consistency
between model and date. Finally, there is considerable difference
in a number of the sectors between the estimates of g~ for the
two years from the same equation., While a substantial change

in g in a given sector over five years is not imposasible, a
halving or a doubling of the estimated value does not add to
one's confidence,

Despite all these qualifications the evidence cannot be
thrown out., Most of the estimates of ¢ easily meet strong
tests of significance., These results may not lead to a precise
conclusion as to the value of the elasticity of substitution
for the four digit categorizx of Mexican Industries. We are,
however, entitled to conclude that there does exist substitution
between capital and labor in these ucategories.

The estimates of &~ from the two digit categories generally
exceeds the corresponding estimate from the four digit categories.
Only in Seetor 20 (Food) is the & from the two dlgit less than
any of the five four digit estimates, and this only in the
regression of V/K on r, Only in tihree other instances (two for
the V/K on r equation and one for the V/L on w equation) is the
four digit estimate lower. These results support the suggestion
of Solow11 that the g from two digit categories should exceed
those from four digit because of the greater possihility of
product substitution (induced by factor prices) in the former
than in the latter. In a large number of instances the two digit
value was much larger, suggesting that factor substitution via

differing product mix is of considerable lmportance.
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What can be made of all this? One can easily question
the quality of the data, So to0o can one find reasons to believe
that the assumptions necessary for the regressions to produce
the desired parameter estimate are not met. Still the exercise
is far from empty. The data for the Philippines employed by
Williamson (Table 2) and that for the United States used by
Griliches (Column 8, Table i) are open to less objection than
those used in the other estimates, Yet the results obtained
from the various sets of data look very similar. Values of R2,
of t, and of ¢ for Philippine and United States data behave very
similar to those for the other countries.

The results do indicate that there is ccasiderable sub-
stitutability between capital and labor. Only in isolated
instances do the results indicate that ¢~ may be zero. Even the
stronger statement that the elasticity of substitution in develop-
ing countries is at least .50 is defensible, In many activities,
it is evidently much greater.

The geriel correlation model (Columns 6 and most of 8 in
Table 1) yields the most convincing estimates of &~ . This is
true in part because the model is appealing on a priori grounds,
It is true in part because the model provides a test that can
hardly be met unless the model is valid, and all the results
shown in Column €, Table 1 meet that test, Despite the questions

surrounding the use of exchange rates to convert to a common
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currency, the use of cross country data is more satisfactory
than within country data as the variation in wage rates is so
much larger in the former than in the latter case., Variations
in technology from country to country in the sampl~ used here
are probably relatively minor., The major question has to do
witk the simlilarity of product prices from ccuntry to country,
but even here differences do not seem great enough to defeat

the model.12 At the same time it should be noied that 1 wvalues
for & from this model are gen¢rally smsllexr than those for the
¢ '3 obtained from the other equations, Also the estimate

of g from the regression of V/L on w seems somewhat more satis-~
factory than that trom V/K on r, simply because measures of both
r and K are less adequate than those for L and w.

The resulis also enable us fto say something about where,
in the economy, the greatest flexibility in choice of techniques
is to be found. As shown in another paper,13 employment growth
is higher, for given rates of growth of productivity and wage
rates, the higher is the ¢, The estimates of Column 6, Table 1
show sectors 20, 22, 25, 26, 29, 30, 37, and 38 with ¢ in excess
of unity. 1In these elght sectors, a rap.d growth of productivity
and output with wage rates constant would produce an &sven more
rapid growth of employment. In the search for increasing labor
intensity, these sectors stand out as prospective leaders,

From a comparison of the & °s for manufacturing activities
in the United States and developing countries one important

conclusion emerges, The figures in Column 8, Table 1 are higher
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than those in the other Columns more often tnan they are lower,
and sometimes markedly higher, e.g., categories 33 and 35, On
the other hand, one could not conclude from Table 1 that the
manufacturing sectors of the developing countries are less
responsive to relative factor prices than are those sectors in
the United States., Indeed, this evidence suggests that, by and
large, the responsiveness is about the.same in both,

The most general conclusion is the most important: Factor
substitutability is alive and well in developing countries,

Policies and models that assume otherwise mislead.,



20

21

22

23

24

25

26

27

28

29

30

31

Table 1

1

Argentina

1.35
(.25)
.50

1.76
(. 30)
.85

(.19)
.76

.93
(.18)
.53

1.49
(.80)
42

.87
(.10)

.87
(.10)
.76

.92
(.17)
.90

.90
(.19)
.56

ELASTICITIES OF SUBSTITUTION IN DEVELOPING COUNTRIES

2
Daniels
.75
(.08)
.74

1.35

3
w/r

.69
(o%)
.80

1.19
(.10)
.84
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Mexico
4

w

.80
(.07)
.78

1.22
(.07)
.92

.73
(.09)
.67

(05)

1.33

.64
(.08)
&7

77
(.09)
.69

.97
(.12)
.71

5

.80
(,03)
.95

.86

(.07}
.85

.88

Cross Country

6

1.14
(.39)
.96

.81
(.32)
97

1.17
(.47)
.96

.59
(.41)
.98

.58
(.26)
.99

1.18

(.31)
.98

1.78
(.33)
.98

.65
(.29)
.98

.83
(.25)
.98

1.06
(.25)
.97

1.1
(.17)
.98

N

(.15)
.77

7

.91
(.07)
.89

.98
(.06)
.92

1.01

(.11)
.80

.94
(.04)
.96

.91
(.05)
.93

.92
(.04)
.97

.97
(.05)
.95

.94
(.07)
.90

.93
(.04)
.95

.94
(.04)
.96

.95
(.05)
.95

.66
(.15)
.45

U.S.
8

*
.91
(.10)
.69



32

33

34

35

36

37

38

2.02
(.08)
.30

1.19
(.11)
.85

.87
(.22)
.49

.45
(.16)
.38

(. 20)
.30

1.1
(o 07)
.85

1.80
(.38)
.58

.97
(.18)
.57

.38
(.16)
.15

.47
(.10)
.47

1.10
.86

.93
(.04)
.93
.76
.90
.73
(.04)
.90
.96

(.04)
.94
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1.09 1.07
(.08) (.06)
.86 9
.52 .97
(.04) (.04)
.93 .96
77 .82
(.05) (.04)
.88 .94
.66 .87
(.05) (.03)
.83 .97

93 .99

(.05)  (03)
.9 .97

57
.97

.97
(.54)
.82

.02
(.12)
.73

.57
(.20)
.99

1.2
(.28)

1.06
(.33)
.98

.95
.96

.98
(.23)
.52

.36
(.13)
.26

.92
(.03)
.98

.92
(.05)

.94

.20

(.01)
.88

2.37
(.47)
.89

1.20
(.28)
.74

2.00
{.29)
.87

1.53
(.53)
.59

.96
(.55)
.1

.75
(.43)
.26
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In each column the first figure in the set of three is the estimate of
the elasticity of substitution and the second i: the standard error of that estimate.
In columns 1 and 2, the third figure is the coefficient of determination, and
in the remaining columns it is the coefficient of determination corrected for
degrees of freedom.

Column 1. Estimates for Argentina for 1946 from Jorge M. Katz,

Production Functions, Foreign Investment and Growth, North-Holland, Amsterdam

London 1969, p. 47. Estimated from log —;:/-— = jog a +& log w + u. Categories
25 and 26 were combined by Katz as were categories 36 and 37.
Column 2. Mark R. Daniels, "Differences in Efficiency among Industries

in Developing Countries", The American Economic Review 59, March 1969, p. 165.

Estimates based on data from eight countries. See text for details. Estimoted from

leg —\L/_ =logat+dglogw+w.
Columns 3 - 5. Estimates of for 1965 for Mexican industry calculated from

following equations:

Col. 3 log —E— =logc1+d'|og--\"\'L +u
Col. 4 log 1\_-/- =loga+0logw+u
Col. 5 log —\é— = log a +d"log W + v

Data from which all calculations are made are taken from Vill Censo Industrial,

Resumen General 1965, compiled by the Director General of Statistics of the Ministry

of Industry and Commerce, Mexico City 1966.
Col. 6 ~ 7. Estimate of using data from individual countries converted to
United States dollars by exchange rates. Data for value added, employment, and wage

rates are taken from The Growth of World Industry 1967 and 1968 editions, United

Nations, New York 1969 and 1970. Exchange rate used are from various issues of

the international Fianacial Statistics published by the International Monetary Fund.

The list of countries included in each regression is available on request. The same



set of countries could not be used in each equation. Equations used were
Col. 6 log ~~ 196 = log @ + o log Wigss * P 1og T 1955 - P log W1965
Col. 7 log —\r/- 1966 = log a +g~log Wl%é +u
Equations were estimated for Sector 32 (Petroleum products) but yielded
in most instances nonsense results.
Col. 8 Estimates of the elasticit: of substitution for United States manufac-
turing activities from Griliches, in the source cited ir footnote 4. Estimates
are for 1958 with states as observations. Estimates from the seriel corselation
model are shown unless they were inconsistent with other regressions in which case
the estimate from labor productivity and the wage rate are shown. The latter are

marked with an asterisk. The R2's are not adjusted for degrees of freedom by Griliches.
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TABLE 2

Estimates of the Elasticity of Substitution in
Philippine Industry

Estimate of g~ from texi

Industry Group Equation 1 R2 Equation 2 R2
I 20, 21, 22 1,82 ok 1,22 9k
II 23, 24, 29 1,01 «96 «35 .88
III 25, 26 1,14 +96 1,15 4
IV 30, 3i .62 97 34 -89
vV 34-38 neg 82 neg .;25
vl 27, 28, 33, 39 1.2 95 1.34 94
All manufacturing 1.59 94 +89 «90

Sources Willianmson [5_7. Pp. 56 and 58-59, For Equation 2,
Williamson computes another set of regressions excluding
capital gains from the w/r ratio, These equations yield
lower entimates of <~ than those shown here,
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TABLE 3

Elasticity of Substitution in Mexican Manufacturing Activities

1960 1965
Category w/c w r w/r w r
2025 .52 .81 .80 .29 .33 .85
(.05) (.07) (.04} (.06) (.06) (.07)
.76 69 .93 .38 .46 .82
2052 .06 1.15 57 .25 .49 1.09
(.04)  (.35) (.10) (.07) (.05) (.05)
.03 .25 .48 .30 77 .95
2061 .53 .66 .84 .62 67 .88
(.05) (,09) (.03) (.07) (.05) (.07)
.80 61 .97 .73 .85 .82
2093 .55 .59 .86 .59 S .96
(.05) (,07) (.03) (.08) (.07) (.04)
.78 .69 .96 .61 .59 .95
2095 Sl .81 .84 15 -.19 .98
(.15) (.18) (.07) (.02) ( 99) (.005)
.27 .40 .82 .64 -.03 .99
2141 S7 .66 .81 .94 1.06 .94
(.09)  (.11)  (.04) (.16) (.10) (.06)
.56 .53 .92 .53 .80 .90
2411 27 .39 .68 .59 .62 .80
(.08) (.14) {.05) (.09) ( ”) (.06)
.28 .22 .87 .63 .88
2421 16 .24 .69 3 .33 .88
(.05)  (.08) (.07) (.06) 7.05) (.06)
.21 .20 .78 .47 .57 .88
2431 .18 1.08 .28 67 62 .86
(.09) (.21)  (12) (.04) (.05) (.03)
.07 .45 .13 .90 .84 .96
2441 41 62 .66 .93 .42 .82
(.12)  (.14)  (.08) (.06) (.06) (.04)
.32 .43 .74 .74 .60 .92
2533 .30 .51 .80

(.o8) (.09) (.07)
.33 51 .81



Category
26N

2617

2813

2921

301

3145

3312

3354

3355

3511

3520

3617

w/r

.59
(.07)
.68

.32
(.09)
.45

.16

(.n)
.03

.24
(.07)
.26

.35
(.05)
.56

.55
(.09)
.59

.59
(.08)
.69

(:09)
.50
.69
(.07)
.74
.41
(.08)
.48
.48
.68
.22

(.06)
.26

.74
(.09)
.69

.33
(.17)
.16

(.17)
.54

.53
(.15)
.34

.18
(.25)
-.02

.80
(.15)

71

(.12)
.56

.70
(.24)
.23

.86
(.08)
.78

.45
(.15)
.24

.64
(.09)
.64

.43
(.14)
.23

-24-

.70
(.05)
.85

.70
(.08)
.84

.27
(10)
16

.65
(.07)
77

.42
( 14)

.79
(.04)
.95

.72
(.05)
.90

.84
(.05)
.92

.75
.85
.82
(.03)
.95
.54
(.04)

19
(.08)
4

.50
(.07)
.64

.54
(.06)
.74

(.05)
.85

.78
.92

.58
(.08)
.66

.50
(.07)
.67

.63
(.06)
.77

.55
(.10)

.88
.88

.80
(ll)

1.00
(.06)
.8%

.68
(.08)
.75

.74
(.05)
.87

.73

(.05)
.88

.86
(.05)
.92

.66
( 07)

.97
(.03)
.97
.93
(.06)
.9
.93
(.07)
.86
089
.95
.86
(.03)
.95
.85

.90



Category
3724

3726

3841

3853

Note:

w/r w
.28 .39
(.05) (.11)
52 .25
.30 R
(.07)  (?7)
.40 -.02
.18 =21
(.06) (.47)
.22 -.03
12 .51
(.07) (.18)
.06 .21

For each year the column h

~25-

r

.61
(.04)
.87

.63
(.04)
.90

-.27
(.ne)
.04

.59
(.05)
.84

.47
(.07)
.63

.62
(.08)
.63

.44
(.07)
.58

.95
(.02)
.99

eaded w/r refers to results from the regression

of K/L on w/r, that headed w to results from the regression V/L on w,
and that headed r to results from the regression V/K on r.
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