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ABSTRACT

ECONOMIC EFFICIENCY IN THE MANUFACTURING SECTOR-
AN INTER-REGIONAL COMPARISON:

BRAZIL, 1970

by

•'.
Manoel Bosco de Almeida

This dissertation is an attempt to measure the economic

efficiency of Brazil's manufacturing sector at the two-digit

level of aggregation and lower. More specifically, we

investigate some of the reasons for the sizeable differences

in labor productivity between the manufacturing sectors of

the Northeast and the South of Brazil. We investigate how

the observed differences in average labor productivity

between the two regions could be explained by differences in

the capita 1/labor ratio and economies of scale. The ques-

tion we ask is: what would the Northeast s level of average

labor productivity have been if either this region's capita1/

labor ratio and/or the average plant size were the same as

the South's.

One point of time, 1970, is chosen since it is the

most recent year for which complete data are available.

First, we estimate the effect of. capita1/1abor ratio

differences on productivity differences. For this estimation,

a production function was specified. The quality of the data
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and the limited number of observations per sector and branch
restricted our choice to the CES production function.
Information on the Northeast's relative cap ita1/1abor ratio
and relative factor prices was sufficient to estimate the
parameters of this function.

The results on the Northeast's relative efficiency,
defined as the ratio of the Northeast's hypothetical labor
productivity to the South's actual level, show that the
cap i tal/1abor ratio by itself did not explain the observed
differences in-average labor productivity either at the
two-digit or lower level of aggregation. Adjustment for
the level of capacity utilization and/or changes in the
values of the elasticity of substitution did not change
this outcome much.Next, the Northeast's relative efficiency was adjusted
for economies of scale. This measure was called the North-
east's adjusted relative efficiency. This adjustment in-
dicated increasing returns to scale for some sectors and
constant returns to scale for others. In either case, how-
ever, the unexplained residuals remained large for the
majority of sectors.Of the two adjustments, .the K/L ratio accounted for
the major increase in ratio efficiency and perhaps would
be more effective in reducing the sizeable across-regi on
differences in labor productivity than would increasing

i i Í

*.



the scale of plants. This suggests that medium- and sma11-

scale plants might play a more effective role in the North-

east's economic development. Data and time limitations

prevented any further analysis of this or other relevant

issues.
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CHAPTER I

INTRODUCTION

Most studies on labor productivity differences have

involved international comparisons. Our interest, however,

is centered on productivity differences in a regional frame-

work. More specifically, we intend to investigate some of

the reasons for the sizeable differences in labor produc-

^tivity between the manufacturing sectors of the Northeast

and the South of Brazil.

1

!.1 - Relevance of the Study

The serious problem of regional imbalances in Brazil
2seems worse when the South" is compared to the Northeast.

For example, the proportion of the Northeast's "per capita"

income was 40.2 and 29.6 per cent of that of the whole of

Brazil and the South, respectively, in 1970. More important

is the fact that relatively low "per capita" income in the

Northeast has been observed for decades. The seriousness

of this problem has been for a long time the subject of

country-wide discussion.'' As a result, several steps have

been taken, mainly by the Federal GovErnment since the

'50's, to reduce or avoid widening of the gap between the

Northeast and the rest of the country. Among these, the

1
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most important ones have been the creation of BNB (Bank of

Northeast of Brazil) and SUDENE (Superintendência Regional

de Desenvolvimento Económico do Nordeste). Both institu-

tions have contributed to the industrialization drive that

has been taking place in that region since 1962 under the

well known fiscal incentives mechanism for regional indus-
2(

trialization.

We were at first tempted to include in our study an

evaluation of the results of these fiscal incentives, but

did not because of the time that would be involved in such

an investigation. The importance of the across-regi on

differences in industrial labor productivity on the standard

of living cannot be overemphasized, since in 1969 the share

of the industrial product of the regional internal income

was on1y11.5 per cent. A higher Northeast Industrial

labor productivity is a relevant objective since: first, the

Northeast's labor productivity is much lower than the South's;

second, the region's share of industrial output has to in-

crease if development is to take place. A study of the

Northeast's relative industrial productivity can contribute

to the understanding of the region's economic problems.

1.2 - Productivity Differ e n cês and Objective _of the Study

We found empirically that interregional differences

in labor productivity in Brazil s manufacturing sector, main-

1y between the Northeast and the South regions, were substantial

^·
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in 1970.

Data in Table I indicate that Northeast labor pro-

ductivity was on the average only 49.3 per cent of the

South's level. This percentage is lower for the Rubber,
Pharmaceuti ca 1 s, Cosmetics and Transportation sectors.

On the other hand, a higher percentage is found for the

Chemical, Non-Metallic and Clothing sectors.

A striking feature of the data in Table I, with minor

exceptions, is that variation in relative productivity among

sectors of the. Northeas t is not substanti a 1 . In fact, the

estimated standard deviation was only 12.5 per cent, which

indicates that a high (low) productivity sector in one

region tends to be also a high (low) productivity sector in

the other. Though the interregional differences in labor

productivity between developed and underdeveloped countries

(see column b of Table 1 for the discrepancy between

Colombia's and the United States labor productivity as

estimated by R; R. Nelson) are larger than those observed

in Brazil, it is evident that the differences in the aver-

age labor productivity between the Northeast and the South

are substantial.

Factors 'i*'ke labor skill, management effort, market

size, economies of scale, capital/labor ratio, etc., are

among the most important in the current literature on labor

productivity. For the Grupo de Trabalho para o Desenvolvi-

men to do Nordeste (GTDN), for example, low capital

fsssw. a»
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TABLE I

LABOR PRODUCTIVITY, NORTHEAST AND COLOMBIA'S

RELATIVE LABOR PRODUCTIVITY

(CR $1.000,00)

Sectors Labor Productivity (q) (a)
(1970) TbT

NE
(a)

South
(b)

Co 1omb ias
Relative

Productivity
(1)

(1958)

Non-Metaltic 8.683
Metallurgy 9.576
Machinery 9.817
E1ectr i ca l

Material 10.526
Transportat i on

Equ i pment 7.562
Lumber í?.878
Furniture 6.399
Paper and

Ca rdboa rd 6.667
Rubber 7.993
Hides and Skins 5.i<90
Chemicals 31.9it2
Pharmaceuti ca 1 s 1^.147
Cosmetics 18.98-4
Plastics 9.897
Textiles 6.658
Clothing and

Footwear 5.923
Food 9.191
Beverages 9.829
Tobacco 25.^^5
Printing 7.178
Miscellaneous 7.237

1 2. 885
18.019
17. 105

20.82^4

22.791
8.714

11.093

16. 107
28.Í<61
13.212
ít3.959
52.277
'49.932
18.024
11.559

8.473
20.133
20.319
55.401
17.54i(.
14.804

674
531
574

505

332
560
577

íi1í(
281
^t15
727
271
380
5^9
576

699
í»56
í»8'(
459
h03
489

128
1í<6
127

21 1

097
158
132

190
232
254
170

365

162
196

^27
153

Source: Industrial Census - 1970
(-) No data are available.
(1) See R. R. Nelson , et al., op

22 and 23.
cit. , pp. 116-119, Tables
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intensiveness, indirectly measured by the ratioof Horse-

power to labor was the main reason for the low level of

labor productivity in the Northeast manufacturing sector.

Economies of scale, external economies, among other

factors, were also considered important. In this study,

however, we wi11 restrict ourselves to the cap i ta 1/1abor

ratio and economies of scale factors.

We have decided on a broader coverage of industrial

sectors (two digit level of aggregation) and their compon-

ent branches (lower level of aggregation) subject to data

availability in Brazil's Industrial Census. Thus, restric-

tions, i.e., the direction of our study to the particular

question of the capitat/1abor ratio and the related problem

of economies of scale, was coupled with a greater coverage

in terms of industrial sectors and branches in both regions.

Previous studies have already laid down an appropriate

technique for quantifying the hypothetical (or real) gain in

labor productivity where either the capita1/1abor ratio,

economies of scale, or both, are taken into account. The

first and most famous study in this f!e1d was made by Arrow

et al.,^ followed by K. C. Clague'" and R. Nelson,'' among

others. In the first, the United States labor productivity

was compared to Japan; in the second, to Peru, and in the

third, to Colombia. A11 these studies, like many others,

have relied upon the specification of a C. E. S. production
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function assumed to be homogeneous of degree one and to be
1 2

common for both countries in each study.

The influence of the cap ita1/1abor ratio on labor

productivity is, in general, taken to be an important

explanatory variable. It is worth mentioning that, in the

literature on economic development, much ink and thought

have been spent on the important question of the appropriate

choice of technology in the LDC's. Generally, the argu-

ment is that the choice of capital-intensive technology is

more appropriate, not only for increasing labor productivity

in a static framework, but also in a dynamic setting where

reinvestment of profits is considered a strategic variable
1í»

for inducing rapid and sustained economic growth." ' One

should also not forget the importance of the capita1/1abor

ratio in relation to labor productivity in the more general

context of the neo-classical theory of production. In

this case, for a linear homogeneous p roducti on function,

labor productivity can be expressed as a function of the

capital/labor ratio. Differentials in labor productivity

either across countries or regions, should, in fact, be

explained by differences in cap ita1/1abor ratio. Jorgenson
and Griliches have already stated that if ". . . quanti-

ties of input are measured accurately, growth in total

output is largely explained by growth'in total input."

By the same token, the level of labor productivity as well

~^- \f
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as productivity differentials should also be wholly explain-

able by the capita1/1abor ratio if both inputs are measured

accurate!y.

1.3 - Approach of the Study

The study will be descriptive in method and static

in character. One point of time, 1970» is chosen since it

is the most recent year for which complete data are avail-

able. Analytically, heavy use will be made of the neo-

classical theory of production. In particular, output will

be assumed to be produced with two inputs, capital and labor,

and a common C. E. S. production function wi11 also be

assumed for both regions for a given industrial sector

(henceforth named only sector). Thus, interregional differ-

ences in labor productivity will be explained by differences

in capita 1/1abor ratio.

The assumption of a C. E. S. production function,

though more general than the Cobb-Doug1 a s, is a limitation

of the study. First, it is assumed, i.e., not empirically

verified. Second, it constrains theelasticity of substitu-

t ion to be constant along an isoquant. A more general

production function, without this restriction would be more

desirable. However, our data which include two observations

for each sector and branch, preclude this approach. The

deficiencies in the data are further limitations to bear in

mind when interpreting the empirical results of this study.

^
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Fortunately, the significance of these limitations on

the quality of our empirical results about the role of factor

proportions on productivity differentials can be determined

by assuming alternative values of both capita1/1abor ratios

and the elasticity of substitution. Obviously, the less

sensitive the results to our alternative assumption, the

more reliable will be our conclusion.

Once the factor proportion question has been examined,

we analyze the importance of economies of scale on the across-

region differences in labor productivity. This involves the

estimation of the elasticity of labor productivity in rela-

tion to the average plant size and compares ours with inde-

pendent estimates of the economies of scale parameters.

Chapter II discusses the technique for estimating both

the elasticity of substitution and the efficiency parameter.

These two estimates are essential in determining the role

offactor proportions on productivity differentials.

Chapter III discusses the coverage of our study in terms of

industrial sectors and branches as well as the variables

and definitions to be used. Chapter IV estimates both

regions' capital stock. ,Chapter V discusses the South's

relative capital cost, since no data on either capital

stock or cost of capital are available in Brazil's 1970

industrial census. Both sets of estimates are necessary to

estimate the elasticity of substitution and the efficiency

parameter. Chapter VI presents and discusses data on
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regional average wage rates, factor prices and factor

proportions. It examines whether factor combinations are

consistent with the cost minimization hypothesis in Chapter

II. Chapter VII estimates the elasticity of substitution,

the efficiency parameter and the Northeast s relative

efficiency. Also this chapter discusses the sensitivity of

the results on the Northeast s relative efficiency for

different assumptions of the elasticity of substitution and

capita 1/1abor ratios. Chapter VIII examines the effect of

economies of scale on the Northeast's relative efficiency

as well as the sensitivity of these results to alternative

estimates of the economies of scale parameter. Finally,

Chapter IX provides some concluding remarks about the

empirical results and their relevance for the interpretation

of the across-regi on differences in labor productivity.

\
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For a brief analysis of regional imbalances in
Brazil, between the North, Northeast and the Center-South
of Brazil, see Roberta C. de Albuquerque and Clovis C. de
Albuquerque, Desenvolvimento Regional no Brasil - (IPEA,
serie estudos para p 1a ne jam ento, n.6,RTo deJá neiro, 1976). >.

2It should be noted that in this study, the South-region
is to be understood the South and the Southeast of Brazil as
defined by FIBGE.

3The 1 i
wardness is q
See for examp
o Nordeste,"
do Mordes te)
da industrial
José R. M.
1977), pp.
Northeast:

de
29
A

terature on the Northeast region and its back-
u.i te large. Here we wi11 mention only a few.
1e "Uma Política de Desenvolvimento Económico para
GTDN-(Grupo de Trabalho para o Desenvolvimento
in Formação Económica do Brasil - a experiência
izacão. Série ANPEC, Flavio R. Versiani and
Barros: editors (Edição Saraiva, São Pauto,

3-338; Stefan H. Robock, Brazi1"s Developing
study of regional planning and foreign aid

s Institution, Washington, D. C., 19&3);
iagnosis of the Brazilian Crisis (University
Press, Berkley, 1365) among others.

(The Br o o k i n g
C. Furtado, D
of California

4About the fiscal incentives see A. 0. Hirschman,
"Industrial Development in the Brazilian Northeast and the
Tax Credit Scheme of Article 3it-38," The Journal of Develop-
ment Studies, vol. 5, no. 1, October 1368, pp. 5-28; David
E. Goodman and others, ''Fiscal Incentives for the Indus-
trialization of the Northeast of Brazil and the Choices of
Techniques," Brazilian Economic Studies, vol. 1, no. 1,
1975, Pp. 201-226; David E. Goodman and Roberto C. de
Albuquerque, Incentivos á Industrialização eDesenvol vi -
mento do Nordeste (IPEA, colecao relatório de pesquisa no.
20, Rio de Janeiro, 197I<) among others.

The important influence of capital accumulation on
economic development was neatly summarized by A. W. Lewis,
"Economic Development with Unlimited Supply of Labor," in
Manchester School of Economics and Social Studies, vol. 22,
no. 2, May 195íi, PP. 139-191. Note a.1so that, an earlier
study on the Northeast economy, had identified two basic
reasons for that region's relative degree of backwardness:
first, relative shortage of agricultural land; second, low
level of capital accumulation. As such, growth of industrial

10
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investment was set as the first target (out of four) to be
achieved if the regional imbalance was to be reduced. See
"Uma Política de Desenvolvimento para o Nordeste," op cit.,
p. 299.

Richard R. Nelson and others, Structural Change in a
Developing Economy - Colombia's problems aiand prospects
(Pr i nceton University Press , New Jersey, 1971), pp 116-119.

7,

8.
See GTDN, op. ci t., p. 301 .

For a treatment of the influe
economies of sca1e.as well as other
Marvin Frap.kel, "Ang 1 o-Ame r i can Prod
Their Magnitude and Some Causes," in
vol. XLV, no. 2, May 1955, Pp. 9^-11
management effort see F. Harbison,
zation as a Factor in Economic Devei
Journal of Economic, vol. LXX, no. 3
379.

nee of
factor
uct i v i
Ame r i

market size and

s, see, for examp1 e ,
ty Differences:
can Economic Review,

2 . For the rol e of
Entrepreneurial Organi-
opment," Quarterly
, August 1956, pp. 3èk-

o

''K. Arrow et a1., "Capital - Labor Substitution and
Economic Efficiency," Review of Economic and Statistics, vol.
XLIII, no. 3, August 1961, pp. 225-250.

K. C. Clague, Economic Efficiency in Peru and United
States, Unpublished PhD Dissertation (Harvard University,
1965); pp. 1-197.

n
R. R. Nelson and others, op. cit., pp. 90-127.

1 2
Hardin & Strassman have worked along the same line

when comparing U. S. vs. Mexico labor productivity, but they
have used a Cobb-Douglas specification of production func-
ti o n; see, Einar Hardin & W. P. Strassman, "La Productividad
Industrial y la Intensidad de Capital de Mexico y los
Estados-Unidos,1! El Trimestre Económico, vol. XXXV, no.

Jan./March 1968, pp. 51-62.137,
13,

seeFor a fairly recent discussion of this question,
Lawrence J. White, ''The Evidence on Appropriate Factor
Proportions for Manufacturing in Less Developed Countries:
A Survey," Economic Development and Cultural Change, vol.
27, no. 1, October 1978, pp. 27-60. Also for a brief
review of a discussion of investment criteria see, Gerald
Me?r, Leading Issues in Economic Devel.opment: Studies in
Inter national Po v e r t y 2 n d. edition (Oxford University P res s ,
New York, 1970), Ch. VI, section VI.B.
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1 b
Galenson and Liebenstein have an earlier paper

stating that since the difference between the wage billand
the value added is bound to be greater in plants and/or
industries utilizing capital intensive technology, the
capita 1-labor ratio should be maximized. See W. Galenson
and H. Liebenstein Investment Criteria, Productivity and
Economic Development,' Q.uarterly Journal of Economic, vol.
LXIX, no. 3, August 1955, Pp. 343-370. Note also that not
much different was Hirschman's hypothesis about the relation
of labor productivity to process-oriented versus product-
oriented industries. Here it stated that because of some
technical characteristics of the p roces s-or iented industries,
like machÍne-paced operations, greater ease of coordination
of laboreffort, rigidly compelled sequences of operations
etc., labor productivity would be higher in the process
or iented-industri es than in the product-or i ented industries.
A. 0. h'irschman. The Strategy of Economic Development, 4th
edition (Yale Un ivers i ty Press, F^63), Ch. ^~. Many authors
have challenged the view that capita1-1abor ratio can be
more important factor explaining labor productivity. See,
for example, H. Liebenstein, "Allocative Efficiency vs.
X-Efficiency," American Economic Review, vol. LVI, no. 3;
June 1966, PP- 392-^15; see also P. W. Strassman, Technolog-
i ca 1 Change and Economic Development (Cornell University
Press, Ithaca, 1968), Ch. 3, and R. R. Nelson and others,
op. cit., pp. 103-127.

In chapter II, the relation of labor productivity to
cap i ta 1-labor ratio will be made more clear.

D. V/. Jorgenson and Z. Grilïches, "The Explanation
of Productivity Change, Review of Economic Studies, vol.
XXXIV, no. 3, July 1967, PP. 249-28i(.

171b;d., op. cit., p. 2b3.

|«®%&»UÍÇRPBÍSÏM. 00
'; E. A.

6@.X5TiSrdt



fiV:

ÏSii:i

l,

i

li.

CHAPTER I I

CONCEPT AND MEASUREMENT TECHNIQUES OF

RELATIVE EFFICIENCY

11.1 - The Purpose of the Chapter

This chapter discusses the concept of relative

efficiency, the theoretical techniques involved in its

measurement and its relation to the elasticity of sub-

stitution. We will use two distinct, but inter-re 1ated

levels: graphical and algebraic.

11.11 - The Concept of Relative Efficiency

Assuming that capital and labor are the only inputs

in the production process, it is reasonable to say that one

firm is more efficient than another if, by using the same

factor proportions, it succeeds in producing a higher level

of output per units of inputs. This concept v^ould not

change if 3 or more imputs t'vere assumed, but the complexity

of the model and its empirical testing would be increased.

Consider a firm in two regions - The South and the

Northeast, employing two factors - capital and labor - under

conditions of constant returns to scale. Let isoquant SS on

Diagram I represent the alternative combinations used to

13
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produce a unit of output in the South region. Alternatively,

let the Northeast region be represented by the N N isoquant.

Let points A and Ban the OS ray represent the two

regions' actual factor combinations used to produce unit

output. Assume also that in the South this unit output

is produced efficiently. It is then clear that Northeast is

less efficient than the South since it uses more of both

K

s

Diagram I

N
s

B
Si

A

D
c

s?Ïtt

T

N

o

T

ïw331SSSS®S»33^Ht^sa!^SS^g^@3@B
L

Inputs - capital and labor - to produce that same unit of

output. In the South, only a fraction OA/OB of both inputs

is used. This ratio OA/OB is the measure of Northeast

relative efficiency.

This measure of relative efficiency, as indicated by

Farrel2' and Yotopoulos and Nugent,'' is a measure of technical

efficiency since it measures only the ability of a given

~^ ^
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industry to produce the maximum level of output from a given

level of input utilization. It does not say anything about

the best (most efficient) level of input combinations.

Assume that the tangent at D,TT, in Diagram I, is the

South industry isocost tine, and that it intersects the OS

ray at point C. In this case, the industry in the South,

though technically efficient, is price inefficient. The

ratio OC/OA measures the extent to which the South's indus-
í(

try is price inefficient, and the ratio OC/OB measures

Northeast relative economic efficiency.

Unfortunately, in empirical studies it is seldom

possible to distinguish these two types of "efficiency."

The measure or price efficiency is complex: first, it is

difficult to identify equilibrium prices; second, the

measure of price efficiency is sensitive to the slope of the

isoquant at point D and its curvature from D to A. Finally,

as indicated by 0. Lange, for less developed countries, it

is often more desirable to increase production capacity than

to worry about the subtlety of "high grade efficiency.'

Technical efficiency, i.e., the success in producing the

maximum with a given factor combination, can be more relevant

to economic policy makers. In empirical studies, however,

actual factor prices are typically assumed to be equilibrium

prices. Thus, by assumption, the ratio OA/OB is a measure

of economic efficiency. Deviations of actual prices from
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the assumed equilibrium conditions are not known. Since

the available data on this question are inadequate, we must

use more caution in the analysis of empirical results.

An additional problem is that neither SS isoquant, N N

isoquants nor Points D and B in Diagram I are known. The

Northeast relative efficiency cannot be determined since

points A and E (assumed to represent each region actual
factor combination) in Diagram I are not strictly compara-
b1e. Fortunately, by specifying a neo-classical production

function assumed to be identical, except for the efficiency

parameter, for each industry in both regions, both

isoquants NN and SS and the Northeast relative efficiency

can be determined.

For purpose of exposition, assume a linear, homogeneous

production function of the general form

Y = f(K,L)(l) such that -|^> -^- > 0, -91Í- ^-Ï < 0
9L' 8K"

-&>°.'°'
Since (1) is homogeneous of degree one, it can be

written as Y/L =* f(K/L) or, in a more concise form, q=:'f(k),
f' > 0 and f"' < 0. The functional relation between q and k

is graphically shown in Diagram II.

~^
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Observation on any ordered pair, say (qo, ko), iden-

tifies a point on the function (point A). The slope of a

tangent to that point (tg a) is equal to the rate of return

on capital, since the model implies that r = f (k) where r

andf'(k)are the rate of return on capital and the mar-

gïna1 productivity of capital, respectively. So, observation

on the rate of return on capital enables us to identify the

slope and the elasticity of the function at point A. This

information, also enables us to estimate the effect on out-

put per worker as we change the cap?ta1/1abor ratio for small

changes in (k) (see Diagram II). For large changes we cannot

base our estimate on labor productivity changes on only r^.

The linear extrapolation will not give reliable results

since, as the cap ita1/labor ratio increases, the concavity of

?>

rRKB-x ES g^
•~ ii^a
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f(k) may change significantly. Thus, we need some informa-

tion on the concavity of the function, i.e., on the rate of

diminishing returns which determines the degree of gain or

loss in efficiency as the Northeast increases its capita1/

labor ratio. The rate of diminishing returns may be

determined by the elasticity of substitution of capital for

labor since from (1) it can be shown that

o
f (k) [f(k) - kf^(k)l

kf(k)f•(k)
(2)

11 /1.\ _ _fl (k)[f(k) - kf (k)]Thus ftl (k) = --1 — '" ' i ' ,\'c'ii. \ _"' — '"' •' (3) which indicates

that concavity of f(k) is a function of o, k and f' (k). We

know that the expression in brackets in equation (3) is

positive, so f''(k) is negative as it should be from the

assumption on the shape of the production function. Now we

investigate how the concavity of the function changes as

the elasticity changes. Taking the derivative of f''(k) in

relation to o we find that r ' _,_ VIV/ > 0, i.e., as the e1as--

ticity of substitution increases, the concavity of the

function diminishes, i.e., the rate of diminishing returns

decreases. This relation between o and the rate of diminis,h-

ing returns can be seen more clearly through analysis of the

variation in the elasticity of the function as the capita1/

labor ratio changes. Taking the derivative of S ^^ tn

relation to the cap i tal/1abor ratio we obtain:

i;i
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(4)
dS

K
d(K/L)

.fK K. dsK fl
+ -^.(f1:i:) ^+fï" SK) + (1 ~ SK)K/L

df^/fL
(:-^—:)

d
K

Thus

C+.a)
dsK ,/K K, dsK
d(K/L) T<T^ r/ dTK/TT

f,
^•' S )K/L

but

d(fK/fL)
d(K/L)

f
K

s
K/L

L

K

]-SK
f

T
K

L

then

(4.b)
dS

K
s

K
d(K/L) 1^S

+ 1
K

f,
^c SK> + C - SK'K/L :^T^1

s,
but , ^, + 1 = -,—^— then substituting in (i(.b)

'K ' - ' K.

^..:'

II.

dS
K 1

f
K-^ (1 - S,) + (l
'L " 'K'

d(fK/fL)
dÍK/L) 1-S^

Let's take (1 - S^)K/L -d(^/L^

~ SK)K/L ~d(K/L)

d(fK/fL)

PEES^s- i^ «^
^ 'i E-&. —
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then multiplying and dividing by f,//fi we get

fK ,K/L__^ d(fK/fL) f

C - SK> ^ ^^) K
d(k/L) (1 - S^) -^ (-I/o)

•K' f^

then

(4.c)
dS

K 1
d{k/LT T--^

K

.^
[TK (1

L
S^)] (1 -I/o)

which after some algebraic manipulation becomes12

dS
(5)

final ly

(6)

K
d(K/L) - "KS.(1 - SJ(^—1-)L/K

'K/ v a

dlogSK
d 1 og(K/L)

(I - SK>(^Í-I>

i.e., the elasticity of the capitsl share of value

added in relation to the capita1/1abor ratio is a function

oftheelasticity of substitution. Since the capital share

of value added identifies the elasticity of the function

with respect to K/L at that point, we know from equation (6)

that as K/L increases, the elasticity of the function

decreases, as does the rate of diminishing returns.

Assuming that the elasticity of substitution is

constant along a given isoquant, then, if we know a point

in the f(k) curve, the slope at that point, and the elas-

ticity of substitution, the related isoquant can be

^'
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specified. Conversely, if the cap ita1/1abor ratios and re1a-
stive factor prices in the South and Northeast are known and
a given production function is specified the regional
isoquants can be drawn. Finally, assuming also that the
specified form of the production function is common to both
regions, both isoquants can be compared and Northeast
relative efficiency determined.

11.3 - Northeast Relative Efficiency

Let the rays OS and ON in Diagram III represent capital^
labor ratios in the South and Northeast, respectively.
Point A represents Northeast's unit output (Y_) associated
with the level of labor (L^) and capital (K^). Similarly,
point C stands for the South's unit output (Y^) where (K^)
and (L.,) are that region's level of inputs utilization.

K

Diagram III

N s

N

s -.\B

KS ^ NA
TS '^"^SSSSS^
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From empirical data we can estimate regional labor

productivity. Northeast relative labor productivity is given
by the ratio of the South to the Northeast level of employ- /-

ment (L^/L,). To the extent that L^ is different from L,,
regional labor productivity will not be equal. By
hypothesis, the higher the capita1/1abor ratio,, the ,
higher the labor productivity. Thus, if the observed
differences in regional capita1/1abor ratios are reduced, the
across r-egion differences in labor productivity should also
be reduced.

The importance of the capita1/1abor ratio in explain-

ing regional differences in labor productivity can be seen
if we hypotheti ca 11y increase Northeast cap ita1/1abor ratio
to the South's level. Graphically, this can be visualized
by drawing an isoquant from point A, which will intersect
the OS ray at point B. (Such derivation presents no problem
once a production function has been specified.) Consider
now the downward sloping lines T T and T_T_, tangents at
points C and A, respectively, which represent the relative
input prices in both regions. Their tangency at points C
and A assumes that entrepreneurs are cost minimizers; i.e.,
each region factor combination is optimal for that region's
factor prices. Under the cost minimization assumption it
follows that the line T_T_ must be parallel to T_T_, i.e.,
as the Northeast region moves from A to B, it changes its
relative input combinations since it faces different factor

[
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At point B Northeast unit output is produced with the

hypothetical level of labor (L^) and capital (K.,). That

region's hypothetical labor productivity is given by

''(Y-/'-->), and the ratio L^/L-, is the measure of Northeast

relative efficiency which is equal to the ratio OB/OC.

Point B represents the capita 1/1abor ratio required to

produce unit output with the South's factor proportion

and the Northeast level of efficiency.

It can be shown that Northeast relative efficiency is

equal to the product of the hypothetical to the actual

Northeast relative labor productivity, i.e.,

L^/L^ = (L^/L^) (L^/Lp.
This equality shows that if (L,/L->) equals unity then

L^/L., = L^/L,, i.e., no gain in Northeast relative efficiency

is observed as that region increases its capita1/1abor ratio.

For any value of L,/L-, except one. Northeast relative

efficiency wi11 differ from relative productivity. More

specifically, if that ratio is greater than one, relative

efficiency would increase as movement along isoquant NN takes

place from A to B. The reverse would be true if the ratio

L,/L^ is less than one.

I I. ít - The Elasticity of Substitution and Re1at i vê Eff i c i ency

Hypothetical labor productivity will be equal to,

greater or less than unity depending upon whether L^ is
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equal to, greater or less than L,. The movement from L, t o

L^ in Diagram III obviously implies a substitution of capita]

' for labor. The ease or difficulty in which this substitution

takes place is directly related to the magnitude of the

elasticity of substitution (o) which is assumed to be con-

stant along a given isoquant. The greater this elasticity,

the greater will be the reduction in Northeast level of

employment, and so the greater will be the gain in Northeast

labor productivity as that region increases its capita1/

labor ratio.

As has been proved elsehwere, the elssticity of

substitution has a range of variation (from o to °°) . In

Diagram IV, this range is graphically shown. Therewe can

see that if o = 0, there wi11 be no factor substitution as

s

Diagram IV

K
D

N

NT c

^St,

Ïf

A

N

K.^.z.s..-
o

T

L

a movement from A to D takes place. In this case, there

will be no gain in labor productivity or in relative effi-
1 4

ciency." ' The opposite occurs if o = ".

^
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This range of variation of o enables us to deduce the

upper and lower limits of the hypothetical level of employ-

ment L., (see Diagram III) as capital is substituted for labor.

If o = 0, the level of hypothetical employment L., will coin-

cide with the level of actual employment (L,) in the North-

east. Thus, at D, we have the lower limit of factor substi-

tut I on. Similarly, at B we have the upper limit. In this

case, the specific point of intersection of the straight

line isoquant with the OS ray depends on the relative factor

prices prevailing in the Northeast, since relative factor

productivities do not change along segment AB. More speci-

fically, if o = °°, the slope of the Northeast isoquant will

be equal to the slope of TT (see Diagram IV) which is equal

to relative factor prices. Thus, the specific locus of point

B in Diagram IV will depend on the relative factor prices

prevailing in the Northeast. Point B theoretically could

lie either to the left or to the right of point A on Diagram

I, or just on it. Obviously, the location of the inter-

section point between the Northeast isoquant and the OS ray

is relevant since this point will correspond to a specific

level of hypothetical employment L.,.

This is not surprising, since, as we know, the gain

(loss) in efficiency will depend upon the rate of diminish-

ing returns, i.e., the degree of convexity of the isoquant.

The rate can be measured by the elasticity of substitution

^
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of capital for labor which determines how the convexity of

the isoquant changes as the capita1/1abor ratio changes.

The greater the rate of diminishing returns, i.e., the lower

the elasticity of substitution, the less will be the gain in

efficiency for the Northeast as it moves from point A to B

in Diagram III. Thus, it is important to know the magni-

tude of o in order to avoid bias in the empirical estimation

of relative efficiency. The procedures for estimating o and

Northeast relative efficiency are discussed below.

11.5 ~ Relative Efficiency: an A 1gebra i c Treatment

As indicated in section II.2, specification of a

production function is a required step if we want to know

what the Northeast capital/1abor ratio will be at point B

on Diagram I I I.

Two point observations (Northeast and South) for each

industry restrict the form of production function. Thus,

in choosing between the more general variable elasticity of

substitution and the constant elasticity types ofproduction

function, we select the second.'

Thjs choice poses two limitations, The first is the

fact that the CES production function, though allowing the

elasticity to differ from unity requires it to be constant

along a given isoquant, meaning that the elasticity of

substi tut ion,o is invariant to changes in the cap ita1/1abor

t .

^-'
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ratio. In other words, it restricts o to change only in
response to changes in technology. If, in fact, o varies

with changes in factor proportions, then the role of techni-

cal change is being overstated as indicated by Brown.
This restriction would be avoided if a more general

production function were used. However, data availability

prevented this, and a more general production function would
impose restrictions of its own which would not satisfy neo-
classical criteria and have ". . . asymptotes which are

difficult to measure."

The second restriction is the necessary assumption

under the CÊS framework that factor proportions are indepen-

dent of plant size. This assumption ensures that we will

be working with a .homothetic production function and both

isoquants SS and NN in Diagram V will be parallel to each

other. This means that from any given ray, say OS, from

the origin the slopes of both isoquants will be equal.

Thus, tangents T„T^ and T^T_ are parallel to each other.

The assumption--homotheticity--has been the object of

wide criticism, since factor proportions, both from a

theoretical and empirical point of view, are expected to be

positively assocTated with plant size. In other words, it

is expected that the larger the plant size, the greater will

be the capital/labor ratio. Though this association may

exist, its significance Is yet to be empirically determined.
19

I
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Lack of data on capital per establishment and per size group

prevented an empirical test of this issue.

The CES production function is written in the form:

Y = A[(l-d)L~c + dK~c]~1/c (1)

tï.1

ï

s
Kj

N

TS 'n
0/

NA^

|Ts^
K s^<

^r^
• •;<''

s

Djagranr-V' fê^Ssrs:
o

N

ïss^s^sssss^^ss^ssa.ssz:3S
L

EX?
«' !r: e.*. - ess

te'í&.nfrp!~s,



29

h-

tv

I
I-

where Y = output

K = cap i ta1

L = labor

A = efficiency parameter

d == the distribution parameter

c = the substitution parameter

,20
Following previous works in this field we assume

that both regions production functions are, except for the

efficiency parameter A, identical. In other words, techno-

logical progress is neutral; i.e., it affects both capital

and labor equally. This assumption is debatable, but data
2 ]

problems rule out any empirical evidence in its support.

From equation (l) it can be shown that the marginal

rate of technical substitution (MRTS) is equal to

^ = (.-l-^d-)(K/L) 1+c (2) where r and w stand for the price of
capital and labor respectively. Multiplying both sides of

equation (2) by L/K we get ^- = (-'-^d-) (K/L) c (3) which
shows the relative factor share to be a function of d and

the cap!ta 1/1abor ratio.

From (2) we can also see that

I»

k = K/L = [^ (y^-)]0 (4) where o 1
1-c

Data on K for both

regions would permit expressing the relative factor intensi-
k1 . (w/r)1.a

ties by 7—- = [ /.. / _\ —] (5) where the subscripts 1 and 2
1^

here and henceforth represent Northeast and South regions,

respectively.
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22From equation (5) we can estimate o. Through equa-

tions (3) and (2t) we can alternatively estimate d. In each

case the estimates are independent of the efficiency para-

meter A, i.e., both d and o do not change as the efficiency

parameter varies between regions.

The independence of d in relation to the efficiency

parameter has the very convenient property of being estimated

through data referring to either region. This property is a

logical conclusion from the homotheticity assumption which

implies that both c and d are constant between regions for

a given industry. Conversely, the empirical values of d

and d^, where 1 and 2 refer to Northeast and South respec-

tively, provide a test on the neutrality assumption of the

C. E. S.

Once d and o are estimated the efficiency parameter

can be determined. Let Y^ = A^[(l-d)L^C + dK^C]~1/c (1.a)
and Y2 = h [[}-d)L~c + dK^C]-1/c (l.b) which stand for

2b
the regional production functions. Relative efficiency can

be estimated by the ratio A,/A^ since by assumption Y, = Y^ . -

However, drawing upon our previous graphical analysis,

Y3 = A [(l-d)L^C + dK^C]-1/c
stand for the hypothetical level output at point C in

D i ag ram I .

Obviously Y, = Y., and by assumption A, = A^, thus

^
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[(l-d)L;c + dK^C]~1/c = [(1-d)L;c + dK;c]-1/c
1

,-ci-1/c
•I 3 '3

(6)

Dividing and multiplying the left and right hand side of

(6) by L, and L^ respectively, we get

L,[(l-d) + dk-;c]~1/c = L [(1-d) + dk^c]-1/c
Also by assumption Y^ = Y,. Then, Y^ = Y-,. More

important yet, at'A and C in Diagram III, k., = k., . Replac-

ing k^ for k>,-in the above equa1 ity

/

t.

L^[(1-d) + dk,c]~1/c = L^[(l-d) + dk2c]-1/c•2

(1-d) + dk-c

It then follows that J = L,/L, = [-
c(1-d) + dk

2_^-1/c (7)
1

where J is the correction factor for the across region

differences in the capita1/1abor ratio. In other words,

J is equal to one plus the percentage change in Northeast

average labor productivity as that region moves from A to B

in Diagram III. Also, it can be shownthat Northeast relative

efficiency is equal to the product of J to the Northeast

relative productivity, i.e., L^/L., = (L^/L,)J.

Equation (7) contains only known terms. Hence J can

be estimated and so can be the hypothetical level of employ-

ment L^. It remains to be shown that A,/A^ is equal to

4/L3-
We already know that Y^ = Y., then:

\ )
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A^[(l-d) + dk;c]~1/c L^ = A [(1-d) + dk^c]~I/c L
By assumption A, = A, then

A^(I-d) + dk;c]-1/c L^ = A^[(l-d) + dk^c]~1/c L^

32

/

•ï^'.

As already shown, k, = k^ then

[(1-d) + dk2c]:vc = [(1-d) + dk^c]-1/c
Thus it follows that A L = AL and A^/A^ = 1-^/L^.

@?!-ï-

Let us now determine the range of variation of J within

the range of o. First assume o = 0. Then c approaches °°,

since o = 1/1+c. Substituting this value of c in equation

(7)

^ f(l-d) + d.L1/L3 = J = l(Í-d) + d- (7.a)

K'
K

in other words. L, = L^ as we.have discussed before.

Assume now.that .0 = co. Here, c = -1. Again, sub-

stituting this value of c in (7) we get
(]-d) + dk,

L]/L3 J [
-2

(]-d) + dk^
] (7.b)

Thus the gain in Northeast relative efficiency will be mainly
determined by the across regions differences in capita1/1abor

rat i os .
25
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We have explored Northeast relative efficiency by assum-

ing that the Northeast capita1/1abor ratio is increased to

the South's level. An interesting alternative question

relates to the reduction of the South's level to the North-

east level, i.e., instead of deriving an isoquant for the

Northeast we derive one for the South passing through points

C and D. See D i agram V l.

Diagram VI
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Our results will not change since the CES has the

symmetry property. The symmetry property states that the

empirical results for Northeast relative efficiency do not

change if either the cap ita1/1abor ratio is decreased from

C to D or if it is increased from A to B in Diagram VI.

Algebraically this can be shown as follows. We know

that

~'v
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Y, = A,[(1-d) + k;c]~1/c L^ and Y^ = A^[(1-d) ^ k-c]-1/CL^

and since Y^ and Y^ (South's unit output at D) are on the
same isoquant then

-1/c
A2

[d-d) + dk2c]-1/c 4 = A^[(l-d) 4. dk-^]-'/t- L^

which can still be further simplified into

[(1-d) + dk;c]-1/c L2
[(1-d) + dk',c]-1/c L^ since

1 •í(

A = A^ and k^ = k^. Then

L^/L2 [C-d' + dk2c]-l/c . ,
(1-d) + dk-c

1

The Northeast relative efficiency is given by

L^/L, = (L^/L^d^/Lp = (4/L1) J ' L2/L3-

^-

^
^•'

í
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1
For a generalization of this concept of relative

efficiency see M. J. Farrel, "The Measurement of Productive
Efficiency," in Journal of the Royal Statistical Society,
Series A (Genera 17, ^ïr t I I I ^vo^l . 120, 1 9 5T7 PP. 256-258.

2
M. J. Farrel, op. cit., p. 254.

3,Pan A. Yotopoulos and Jeffrey B. Nugent, Economic of
Development -- Empirical Investigations (New York, Har per a nd
Row, 1976), ch.-5, pp. 72-73.

4
Note that the unit cost at C is lower than at A.

This ratio is equal to the product of the technical
to the price efficiency, i.e., OC/OB = (OA/OB)(OC/OA).
Farrell denominated this ratio as the overall efficiency.
M. J. Farrel, op. cit., p. 255.

Studies for the agricultural sector have attempted to
distinguish these two "efficiencies." See for example,
L. J. Lau and P. A. Yotopoulos, "A Test of Relative Efficiency
and Application to Indian Agriculture, American Economic
Review, vol. LIX, n. 1, March 1971, PP. Q4-108.

Oskar Lange, in Gerald Me i r (2nd edition)
Issues in Economic Development, op. cit., ch. X,

Lead i ng
sec. X.B.2.

8Ibid., p. 699. J. S. Farrel, also argued that price
efficiency is not necessarily desirable because a firm's
best policy can be to operate at a higher than the optimum
level of production or because input prices can be adjusted
to past and future prices. M. J. Farrel, pp. c it., p. 260-
261.

Griliches and Ringstaad have argued that the assumption
of perfect competition need not seriously affect the validity
of the empirical results based upon them. Z. Griliches and
V. Ringstaad, Economies of Scale and the Form of the Produc-
tion Function (North-Ho 11 and Publishing Co., Amsterdam,
T971T, p. 11 .

Here we closely follow the discussion developed by
Richard R. Nelson and others, Structural Change in a Develop-
ing Economy--Co1ombi a's Problems and Prospects (Princeton

35

^

I



36

University Press, New Jersey, 1971), PP. 91-102.
Note that observation on the capital share on output(S i.) also enables us to identify the slope and the elasticity

of"t h e function since:

sK
LL(kJ^
TTi<T

i?' 12Note that
I.
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Final 1y

I
E and
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dK/
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Ti: ^T^-K/ L/K S, (^•)

WL- <'-SK) ^K SK ("Ï1'
equation (5) in the text follows immediately. For thisproof, I am indebted to Professor Ricardo R. S. Duarte of
Universidade Federal do Ceará.
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See K. J. Arrow, et. al. , "Cap i tal-Labor Substitution
and Economic Efficiency, Review of Economic and Statistics,
vol. XLIII, n. 3, August 1961-, pp. 225-250.

1Í>.
•More

4/L3
specifically, since L^/L (L^/L^) (L^/L,), then

L^/L,, i.e., labor productivity remains unchanged.
From another point of view, we see that since as capital
increases, output and labor inputs remain unchanged, obviously
labor productivity will not change either.

Perhaps fheeasiest way to rationalize this intuitively
is to recall that ^the more easily substitutab1 e are factors
for each other, the more similar they are from an economic
point of view. If o is low, then the factors are dissimilar.
This implies that when o is low, diminishing returns to labor
set in more rapidly for an increase in R than when o is at

/ higher level." See Murray Brown, On the Theory and Measure-me nt of Technological Change (Cambridge Universtty Press,
Cambridge, England, 1966), p. í»8.

About this point and the related question of the con-
stancy of o,Brown has stated that ". . . this is an a priori
specification, we really do not know whether the elasticity
should vary when factor proportions change. If the true
structure prescribes a variable elasticity due to changes
in factor proportions and we claim that the elasticity is
changing for technological reasons, then we are ascribing to
technological change more than is due to i t.'' See M. Brown,
op . ci t., p . 60 .

17.

18.

See Murray Brown, op. cit.,

The question of plant size,
ment wi11 be discussed in Ch. VIII.

p. 60.

its definition and measure-

19 l t shou1
pôs i t i vê as soe Í
1abor ratio, th
a 11 sectors and
that when size
power per worke
sectors a signi
based on 1959 i
Os determinante

d be noted that if there is a significant
ation between average plant size and capita1/
is association is not necessarily common for
branches. V. Wa1ms1ey, for example, observed

class was associated with horse-
r, for only half of Brazil's industrial
ficant association was found. His study was
ndustrial census. See Vernon T. Walmsley,
s da Produtividade Média do Trabalho, na

Industria de Transformação do Brasi1,.unpubli shed Master's
i vers
On t

India's manufac

Thesis, Un
pp. 1-65.

idade Federal dê Pernambuco Recife, 1975,
he other hand. two alternative studies for
turing sector have produced conflicting

^ -
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evidence on this issue. See J. C. Sandesara, "Scale andTechnology !n India Industry," Bu11 et in--0xford University
Institute of Econom i cs

181-198;
and Statistics, August

pp
Intens i ty in India
1969, pp. 189-2QÍ».
s i ze group for the
that, for most of the
for the different size
op. ci t., p. 42.

vol. 28, n. 37
and B. V. Mehta, "Size and CapitalIndustry," Ibid., vol. 31, n. 3, August
Also data on cap ita1/1abor ratio perNorwegian manufactur ing sector indicate

sectors, that ratio is quite stableSee Griliches and Ringstaad,groups.

20.See Arrow,
Clague, Economic Efficiency

et. al., op. cit., and Christopher K.in Peru and the United States,
unpub1 i shed
pp

Ph.D. Dissertation (Harvard University, 19&5),
1-197.
21In Chapter VII, s&c. VII.1, we return to this question.
2 2Estimation of a through equation (5) was previouslymade by t. Kravis, "Relative Income Shares in Fact andTheory, American Economic Review, vol. XLIX, n. 5> Decemberused by Arrow,

John Kendrick, in his
"Capital, Labor and Income

in Manufacturing," The Behavior of Income Shares (National
of

1959, pp
cit., C.
comments

9Í7-9Í<9.
K. Clague,
on R. M. So1ow's

Later i t
op . c i t.

was
and

et al., o^.

paper,
Behavior ofBureau of Economic Research--NBER, Princeton University Press,

Princeton, 196J!(), vol. 27, PP. 1ít0-12(2,
23,Equation (b) is more frequently used in empiricalstudies. The d value is very sensitive to the measure ofvariables, since d is not invariant to the units on whichvariables on equation (3) and (2() are measured.equation (3) had the very convenient property ofestimated through factor shares and not relativeprices as in (i(). This property, it seems to usestimation through equation (3) more reliable.
2Í(,

»

the
the

However,
being
factor
makes the

op^

For a
ci t., pp

similar algebraic
Ê-1 1 .

treatment see K. C. Clague,

25In Chapter VI f. •4 we return to this question.
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CHAPTER I I I

EMPIRICAL PROCEDURES AND PROBLEMS

K':l

Bl:
K-

111.1 - I nt roduct i on

The inadequacy of available data wi11 be one of the

main factors limiting the robustness of the empirical

results of this dissertation. From the outset, then. It

is important to understand the types of data used, their

sources and some of their limitations. In this chapter

we begin with a discussion of the data coverage by states

and regions and by industrial sectors and branches. Next

we examine some of the variables and definitions to be

used in this study. Finally, the question of the measure-

ment of capital is briefly treated.

111.2 - Coverage of the Study

Brazil's Industrial Census publishes data for:

a) the total ofa11 establishments in the manufacturing

sector; b) the set of those establishments with 5 or more

employees and/or value of production greater than 6i(0

times the highest minimum wage in 1970; c) the complement

of set bar b+ c= a.

In (a) and, to a lesser extent, in (c) the available

information is rather meager. Set (c) does not have

~^-'
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information on horse-power, size groups or other relevant
data. Thus, the aggregation of (b) to (c) is not feasible
for some information we need. Consequently, we have
chosen to work withset (b) since it has both information
on size-group by sector and good coverage of total produc-
tion and employment in the manufacturing sector.

Within set (b), figures for levels of aggregation
lower than the two dígít-level are limited to wages, out-
put, and number of workers and the distribution of these
variables by size-class is not available. More important,
figures on industrial branches (tower than the two digit
level) are not complete for every state. For some branches
in some states no production occurs. For others the

number of establishments is so small that, to avoid
possible revelation of information on particular individual

2
establishments, no production figures are published.

Thus, for some branches, information on a state level is
unobtainable. Since data on the manufacturing sector is
available only at the state and national level, a list of
those branches having the necessary information for a11
states in both regions is needed.

Our procedure was to select all industrial branches

with complete information for all states, because we want
to test our hypothesis at less than the two-digit level,
so that the sensiti vity of o and J to changes in the level
of aggregation can be seen.'' Our first attempt involved

\
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k
the selection of five states in each region. ' This proved

too restrictive since a large number of industrial branches

had to be excluded because of lack of adequate data. A

second alternative selected only three states for each

region: São Paulo, Minas Gerais, and Rio Grande do Sul

in the South and Ceará, Pernambuco, and Bahia in the North-

east. This proved better, since it allowed the inclusion

of a larger number of industrial branches, increasing our

coverage of industrial activities. Moreover, by increas-

ing the number of industrial branches, we also managed to

increase the number of industrial sectors that could be

studied at a finer level of aggregation.^ Matching

industrial branches by state level also ensures a greater

degree of homogeneity in industrial sectors and in final

products between both regions. Finally, the chosen states

represent the most advanced ones in both regions, particu-

1ar1y the Northeast. Here, the industrialization drive

that took place in the sixties as a result of the "32t/l8"

fiscal incentives mechanism is concentrated heavily in the

three states chosen.' SUDENE's data indicate that 70 per

cent of the total number of projects and 73 per cent of

total investments are concentrated in Ceará, Pernambuco,

and Bahia. Though there are no data on projects and invest-

ments by industrial sector and state, the last columns of

Table I confirm the importance of these states and of the

selected classifications.

''t ^
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One serious question we must ask is: to what extent

does the choice of these states, leaving out others,

deprive our analysis of its "regional" aspect? Fortunately,

not significantly, as Table II shows.

Table II shows the relative weights of the selected

states in total regional number of establishments and

labor, and in output and wage bill for both regions.

First, the relative weights of the selected states for

both regions are generally high. For only Lumber,

Furniture (output variable) and Hides and Skin (labor

variable) are the weights lower than 60 per cent. In the

Northeast this occurs in the Hides and Skins and Food

sectors when the number of establishments is considered.

Second, the relative weights tend to be higher in the

Northeast (above- 80 per cent for most sectors) than in the

South (above 70 per cent). For both regions, these

weights are generally higher for output and labor than for

establishment and wage bill.

The relatively high weights for both regions and for

most of the sectors, whatever the variable, indicate that

the procedure we have followed maintains the intended

regional character of our study.

^'
~v'
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111.3 - Variables and Definition
111.3.1 " Labor and Wage Data

Data on labor give information on the number of
production workers, total employees at the end of the year,
and monthly average employment. The use of total employees
instead of production workers alone, allows for the substi-
tution of managerial effort for labor. For a given
industry, the ratio of production workers to total
employees will be higher in the Northeast, indicating that
capital is substituted for labor more intensively in the
South. Consideration of production ii»orkers alone may give
a distorted view of the differential in labor productivity
between regions since the proportion of production workers
to total employees is not the same in both regions.

The monthly average number of workers gives a better
idea of the actual movement of the labor force in the
manufacturing sector than the level of employment at the
end of the year, since variations in the level of employ-
ment during the year are included. However, since the
corresponding data on wages are not available, this classi-
fication was not considered. Thus, total number of employees
at the end of the year was the measure of labor used.

It is known that the use of the stock of labor for
productivity analysis assumes implicitly that the flow of
labor services is proportional to labor stock. This

'.-^•••'e:
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assumption, as indicated by Jorgenson and Griliches, is

incorrect since it does not take into account the number

of hours effectively worked nor the i n tens iveness of the

effort. Figures on effective hours of work are not

available in the Industrial Census. However, through the

so-called "2/3 law,'' the Ministry of Labor has information

on the weekly average of hours worked by total employees

In each industrial sector.

Our procedure was to take the arithmetic mean of the

three states in the South and two states in the Northeast:

Pernambuco and Ceará. This presents no problem since
12

interstate variation in man-hours is insignificant. The

average number of hours worked per year was obtained by

multiplying the weekly average by 52, i.e., the total num-

ber of weeks per year. No attempt was made to correct the

figures on labor stock either for nonhomogeneity between

region or for the intensiveness of the labor effort.

Data' on wages refer to the total wage bill which

includes payments to owners or partners working in the

establishment, production workers and administrative per-

sonnet. Si.nce data on the labor force were converted into

a flow of hours effectively worked, wage data were divided

by that flow for each industrial sector. Thus, the price

of labor services is given in terms of the average wage

per man/hour.

t.
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111.3.2 -Productivity

Brazil's industrial census does not have direct
information on value added. This is usually obtained by
subtracting the Miscellaneous expenses from the Value of
Industrial Transformation (VTI - the difference between the
total value of production and expenditure of raw materials,
intermediate inputs, fuel and 1ubrificants , electric
power, and taxes). Thus, our measure of labor produc-
tiv!ty !s the ratio of value added gross of depreciation
to the yearly flow of labor services.

Since the present study refers to regions of the
same country, correction for the exchange rate and, to
some extent, for price variations is not required. These
two features reduce the bias in the estimation of the
elasticity of substitution, since, as indicated by Arrow
et a1., under or overevaluation of exchange rates and
regional differentials on prices are sourcesof bias in
the estimation of the elasticity of substitution.

No attempt was made to correct for possible quality
differentials in product composition, or for differences
in product mix between regions for a given industry, since
tfíïs would be difficult, if not impossible, to do. First,
the degree of arbitrariness introduced in the attempt to
make the correction would defeat !ts own purpose. Second,
inter-regíonal variation in the quality of product tends

~^'
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to be smaller than that, for example, between developed

and less-developed countries. In some cases, the across-

region differences in product mix are quite insignificant.
Third, the procedure we have followed in the choice of the
states ensures that the degree of homogeneity in terms of

product composition for a given industry is maximized
since only the more developed states in each region were

--..

selected. Moreover, product-mix is less heterogeneous at

the regional than at the state level since, as indicated

by Nerlove,""•sped al ization of industrial activity is more
likely to occur at the state than at the regional level.
The selection of industrial branches that are common to all

selected states reinforces this claim. However, it is dear

that product mix is not necessarily homogeneous across

regions even at the branch level, since aggregation of
different industrial activities, and so of products, per-

sists. At the sector level. this is even more valid, and

for Chemical Products, Mechanics, Metallurgy and Transport

Equipment differences in product composition can be

significant.'" Finally, in so far as quality differences
are related to prices, inter-regionaI differences in product
quality will be expressed as inter-regional differences in
product prices.
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111.4 - Capi tailnpu^

In measuring capital we must pay attention to changes

in machines which, since they usually embody technological
advances, make them more productive than older models. In

other words, new capital tends to be "more" capital.

Capital valuation based on capital book value and/or gross

investment in the'-absence of a quality index can under-

estimate real capital input. New capital can also be

"less" capital if the rate of inflation is higher than the
1 9

rate of technical advances embodied in new machines.
20

Quality changes, as indicated by Deninson, are of two

different kinds: one enhances the productivity power of

new machines in relation to older ones; the other reduces

the cost of producing new machines. If lower production

costs generally mean lower acquisition costs, it is diffi-

cult to identify new machines as, in reality, "more"

capital. Of the three alternative methods of measuring

capital suggested by Deninson, the original cost approach
21 _. .

is favored. This approach, though more limited than the

others, is more often used in empirical studies. Briefly,

it takes book value as the measure of capital stock. It

is this approach that we will follow.

Another question concerning capital input is the use

of capital stock versus the use of the flow of capital

services Tn production studies. The first approach is

^v
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22 . . _ . . 23
favored by Griliches and the second by Vernon Smith.

If the flow of capital services is proportional to the

capital stock, either use would be correct. If not, it

seems clear that the flow approach is more appropriate.

The difficulty lies obtaining an adequate measure of the

flow of capital services. Usually, arbitrary assumptions

about depreciation, obsolescence, premium rates, etc.,

have to be made because of unavailable or inappropriate

data.

In this-study, the flow approach is followed since

it is more consistent with our treatment of labor input.

However, inadequate data forced us to assume that the flow

of capital services is equal to the depreciation of fixed
24capital." Depreciation wi11 be estimated by the straight—

line method on the assumption that the average life of fixed
25

assets Is ten years in both regions.' The arbitrariness

of this assumption was caused by lack of adequate data on

actual flow of replacement cost. However, if actual use-

fui life of fixed capital in both regions is approximately

equal, i.e., ten years, no bias will be introduced in our

estimation of o and J, since what matters is the across-

region differences ïn capita 1/1abor ratio (see section
11.5). It could be argued, however, that since the wage

rate is generally lower in the Northeast, fixed capital

would tend to be used longer, and, at first, it would seem
more reasonable to assume a lower rate of depreciation for
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this region than for the South. However, there are mechan-

isms which, by inducing the Northeast to depreciate capital

more rapidly than South, have partly offset the low wage

effect. First, lower capital cost, because of SUDENE's

fiscal incentives to capital formation in the Northeast,

leads firms to accelerate depreciation charges by replacing ,

old equipment. Second, accelerated depreciation on fixed

capital of national origin is allowed for all firms in

both regions, and since the proportion of this equipment

is higher in the Northeast so will be the replacement

charges. Both low capital cost and accelerated deprecia-

tion, to a large extent, offset the Northeast's lower labor

cost. Therefore, our assumption of equal depreciation

charges seems reasonable.

Ê
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FOOTNOTES FOR CHAPTER I I I

'./

The deleted information corresponding to set (c)
is insignificant. On the average, the proportion of set
(c) on the total (i.e., set a) in terms of VTI, is .961
and .986 for the Northeast and the South, respectively.

2At two digit level this problem does not arise.
"-It is worth noting that some authors have indicated

that the elasticity of substitution tends to be lower at
finer level of aggregation. Granted this, the sensitivity
of the regional level of efficiency to changes in the
capita 1/1abor .ratio would be lower as the level of aggre-
gation goes down. On the other hand, it is worthwhile
to investigate how relative productivity, factor intensities
and factor prices change as the level of aggregation
changes .

1^.
São Paulo,

and Rio Grande do
do Norte, Para i ba ,

5,

»Guanabara, Rio de Janeiro, Minas
Sul for the South and
Pernambuco and Bahia

Gerais
Cea rã. Rio Grande
for the Northeast.

5 sectors have to be dropped: Paper and
and Skins. Perfumes. Plastics and Tobacco.

Even here
Cardboard, Hides

This deserves a qualification since the value of
industrial output was greater for the Guanabara state than
for either Minas Gerais or Rio Grande do Su1. However, the
industrial structure was more diversified for the two
latter states than for the former.

The denomination 3Í>/18 represents the numbers of
the principal articles of the basic laws that approved the
first two SUDENE's Master Plans. It refers to the art.
34 - Law 3595 - 12.1it.6l and to the art. 18 - Law 4239 -
06.27.63.

Since the weight of the Wood sector in the South
is too low, data on the Parana state were included. Unless
otherwise stated, both Northeast (NE) and South (SO) refer
to these states only.
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As indicated by Harbinson and Fleming, capitali ntensiveness is associated positively with managerialeffort, I.e., as the capita1/1abor ratio Increases laboris replaced by managerial effort. See F. W. Harbinson,op. cit.» pp. 3É>5-37Í», and, M. C. Fleming, "Inter-FirmDifferences in Productivity and their Relation to Occupa-tional Structure and Size of Firm," The Manchester Schoolof Economics and Social Studies, vol. 38, n. 3, Sept.
1970, pp. 223-245.

10. ofSee D. Jorgenson and Z. Griliches, "ExplanationProductivity Change," Review of Economic Studies, vol.
XXXIV, n. 3, July 1967, pp. 2^9-283.

The 4.923/65 Law requires that industrial and non-
industrial establishments fill out a questionnaire by the15th of each month, when the information is given to theMinistry of Labor. See, Ministério do Trabalho e PrevedinciaSocial, DNMO,.Mercado de Trabalho - Composição e Distri-
bulcão da Mão de Obra, 1970.

1 2The non-signif Ícance of the variation was checkedby looking at the data on the average hours worked in theSouthern states and in the two Northeastern states. The
results were the same as in similar data for 1969.

This procedure is widely used in Brazilian economic
literature. See among others, E. L. Bacha, M. de Matose R. L. Modenesi, Encargos Trabalhistas e Absorção de Mãode Obra, (t PEA: CoTecaoReTatoriosde Pesquisa-n. 12,Rio de—Jane i ro, 1972), p. 116, Footnote n. 1 to Table III.
10.

14See Arrow et al., op. cit.» pp. 383~87.
15, Studies of

The Theory
the
and

CÊS

M. Brown. (National
York, 1967) vol. 31,

See Nerlove, "Recent Empirical
and Related Production Functions,'' in
Empirical Analysis of Production, ed.
Bureau of Economic Research-NBER, New
p. 70.

The data on output by state and sector do indicate
that the difference in the structure of production isgreater for these sectors. See FIBGE - Industrial Census.

K. Clague has assumed that ". . . the quality of
the workmanship bears a fixed re1 at i.onsh i p to the price
of product," op. cit., p. 23.

~^y
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'See R. Nelson, "Aggrega
Medium Range Growth Projection
vol. LIV, n. 5 (September 196^
Ruggles, "Concepts of Real Cap
Output, I nput and Producti v i t y

te Production Function and
s," American Economic Review,
), pp. 575-606, and Nancy
ita1 Stock and Services," in
Measurement (NBER, Princeton

University Press, 1961), vol. 25, pp. 387-í<03.
19Zvi Griliches, "Product

Some Preliminary Results," in
Analysis of Production, ed. M.
vol. 31, p7. 275-322, and J. R
Production in American Manufac

ion Functions in Manufacturing:
The Theory and Empirical
Brown, (NBER, New York, 1967)
Moroney, The Structure of

tu r i ng (The U ni vê r s i t y o f
No7tTTTa7onna Press, Chapel HTÍT.FS 7 2), C h. 2. p. 21.

20. . . . -'~Edward F. Denison, "Theoretical Aspects of Quality
Change, Capital Consumption and Net Capital Formation," in

*»

Problems of Capital Formation
Press, Pr i nceton , 1957),
R. and Nancy Ruggles, op

21

vol .
c«t.,

(NBER, Princeton
19, pp. 215-261.

pp. 388-390.

University
See a 1 so

22

See E. F. Denison, op. cit., pp. 222-227.

Z. Griliches, op. cit., pp. 230-281.
2 'This author's basic argument is that the concept of

capital flow is difficult and unlikely to be related to
any observable experience. See Vernon L. Smith, Invest-
ment and Production (Harvard University Press, 19&1),
Ch. 1, p

2^»,

T7

Assumption of depreciation charges as a "proxy"
z.

OP.

for
GriIiches , 1oc.
cit., pp. 12-1^0.

capital services was made by others:
cit., Z. Grlliches and V. Ringstaad,

'This procedure consists merely in scaling down the
original capital stock data. Since the scalar transforma-
tíon is the same for both regions, it makes no difference
in terms of empirical results whether the capital stock or
our assumed flow of capital services is assumed. However,
by using the flow concept, we introduce a degree of flexi-
bility to our study since the scalar transformation can be
assumed to differ between the regions. Thus the sensiti vity of
o and J to different flow of capital services can be
obtained. Obviously, this flexibility is not present in
the capital stock approach.

26Capital costs wi11 be discussed in Ch. V.

^
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APPENDIX TO CHAPTER I I I

INDUSTRIAL SECTORS AND INDUSTRIAL BRANCHES

Throughout this study tables and references to

sectors and their sub-divis ions wi11 often be made. Thus

an indexation at this stage can prove to be helpful. The

indices and their respective sectors and branches are shown

,.; be1ow:

/

No. of
order

01*

2Í(A*

25

30

31

32

3^

43

02*

63

73

85

91

Sectors and Branches

Non Metal l i c Mineral

Grinding and preparation of stones for construc-
tion (marble, slate, etc.)

Stone grinding

Qui ckli me

S1aked 1 i me

C1ay products-exc1uding ceramics

Ceramic products

Cement products

Metal 1 u rgy

Ironworks (Siderurgic Products)

Primary Metallurgy of Non-Ferrous Metals, indud-
i ng prec i ous meta 1 s

Metallic structures

Tin products (including print works)

y*-nm«..>^,.u».^».^,..,_^
^^ssKs^sp mswi.Ks'

l ? ç E-Ã- -G^
KS-.'G'R-Ra
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£• 91< Metallic tanks and recipients, excluding tin cans

Í/T

I

03*

117

137

04*

173

05*

]86

06*

204A*

205

209

07*

233;;A

234

08*

Mechan i c

Machine tools. Industrial apparates, parts and
accessor i es

Machine maintenance and repair; industrial and
agricultural equipment

Electric Communication Equipment

Machine maintenance and repair; electronic and
communication equipment

Transportation Equipment

Motor vehicles and parts and accessories

Lumber

Log slicing

Lumber milling

Wood structure products and carpentry products

Furn i ture

/

Wood, wicker and reed furniture

Wood. wicker and reed furniture for home use

Paper and Cardboard

.'

li

11
l U
It I

09A

279

10*

Rubber

Pneumatic tire reconditioning

Hides and Skins
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'..

s'':

II*

320

12*

13*

I? 14*

15**

382

405

16*

414**

416

!»17

i»26A*

427

17*

^37J;*

í»38

^0

446

k53

Í(61

Chemi ca 1 s

Crude animal and vegetable oils, fats and waxes
(excluding food products)

Pharmaceut ? ca 1 s

..'

Soap, Perfume and Candles

Plast i cs

».

Text lies

Spinning and weaving

Ropery, bag, net and drapery products

Shoes and Clothing

Undergarments

Women undergarments

Men and boys' clothes

Footwear

Shoes, excluding sport shoes

Food

Food process i ng

Cereals, coffee and similar products

Coffee toasting and grinding

Canned and dehydrated fruits, vegetables and
sweets excluding candies and condiments

Meat processing from s 1aughterhouse to prepara-
tion of canned meat

Dairy products, excluding ice cream

Y
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46I( Cane sugar refining

472 Bakery products

471< Biscuits and crackers

477* Other food products

478 Edible oils of animal or vegetable origin,
cocoa butter

481( Animal rations

18*

490

í>99

Beverages

Alcoholic beverages

Soft-drinks

19* Tobacco

20*

512

Printing

Edition and printing of books, periodicals and
manua1 s

21*

557

Mi seel 1aneous

Other miscellaneous products

* Industrial sectors, two digit level.

** Industrial branches, four digit level. The unstarred
branches are a11 six digit level.

liE11
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CHAPTER IV

CAPITAL STOCK

IV.1 - The Purpose of the Chapter

Data on capital stock at both the sector and branch

level are required to proceed with the analysis of Northeast

relative efficiency. The purpose of this chapter is to

estimate capital stock in each region and to consider bias

in the estimates. The related question of bias in our

estimates of depreciation allowances, and in capacity

utilization are also considered.

IV.2 - Estimation of Capital Stock at Sectoral Level
2

Data on the value of capital stock at either the

national or regional level are not directly available from

Brazil's 1970 Industrial Census. Data on 1959 capital stock

and on the flow of gross investment in the 1962-1970 period,

however, are available and allow us to estimate the 1970

capital stock. Since these sets of data differ, it is con-

venient to treat the data on 1959 capital stock first, and

then to treat the flow of gross investment wh ich must be

added annually to the 1959 capital stock to yield the desired

capital stock figures for the year 1970.

60
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IV.2.1 - The 1959 Capital Stock

Brazil's industrial census provides information on

the book value of capital at both the national and state /
level for 1959. This information covers a11 establishments

in each industrial sector and represents an historical flow

of yearly gross investment at annual current prices. This

historical data poâes some problems since data on Brazil's

capital stock, beginning in 1939, were uncorrected for price

changes and depreciation. In order to correct the 1959 cap-
í(

ital stock for both price changes and depreciation" from

the year 1939, we have followed the approach used by R.

Bonel1 i which consists basically in the estimation of price

deflators for each industrial sector. Bonelli's procedure

in its basic features is explained below.

The historical data on capital can be written as

T-J
PK = E P,AK, (1)

> t

i=T
i""?

where T and J refer to the terminal (1959) and initial

(1939) period, respectively. K. is the gross investment at
ththe i year (for i < T) and P, and P^. the price level a

the! year and terminal year, respectively.

t

Similarly, the capital stock net of depreciation can

be wr i tten as

PTKI = .^ PTAKi + PTKT-.1-1 (2)
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where K^. , , is the initial capital stock in the T-J-1

period, and the prime (') refers to net capital stock.

Dividing equation (2) by (l) one obtains

P K' P K̂
 P^AK; + P^-T-J-I

T-J
,z. PÍAKÍ
i=T

(3)

Neither the flow of gross investment (P.K.) through

time nor data on cap i ta 1-output ratio (P) was available.

Output data, however, was available. Bonelli's approach

was to assume that both ICOR and average cap i ta 1-output ratio

were constant,^ allowing the specification of the flow of

gross investment through time and so its adjustment for

price changes and depreciation.

Empirical studies on the average cap i ta 1/output ratio

(P) have indicated this ratio to be fairly stable through

time.'" Several reasons can explain this relative stability.

First, capital stock does not change rapidly since net invest-

m e nt is, in general, a small proportion of capitalstock and

the actual replacement proportion is even smaller. Second,

capital productivity does not fall in proportion to an in-

crease in the average life of equipment. Finally, as new

equipment (gross Investment) is added, output is also

expected to increase. The relative proportion of this in-

crease to capital formation depends upon the productivity of

^
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new capital and its price relative to the price output. If

both prices move in the same direction and approximately in

the same proportion, no big change in the cap i ta 1/output

ratio will occur as a result of additions to the capital

stock. Thus, barring changes in capacity utilization

between points of time, the cap i ta 1/output ratio is not

1 2
expected to show large variations in its magnitude.

Data on the average capital/output ratio (g) for Brazil,

as estimated by R. Bonelli'" for the years 1959 and 1970,

indicate that the (B) coefficient has been fai ri y stable.

As shown in Table I, on the average, the percentage change

in (P) in that period was only 2 per cent. At the sector

level, some degree of variation can be observed. However,

in only one sector--Mí see 1laneous--was the change higher than

20 per cent in the 1959-1970 period. (See Table I, column

3.) This fairly stable pattern of the average capita1/

output ratio is more evident at a higher level of aggrega-

1 k
tion, as revealed by Werner Baer's estimates." As shown

in Table tl, the change in the value of (g) was rather low.

Though Baer's and Bonelli's estimates are not strictly com-

parable, they tend to support the "stability" assumption.

Thus, Bone11ïls assumption of a constant (g) over the 1939-

1959 period is warranted.

Once (g) is assumed constant, we can write

P^K; = gPjAY; + edP;Y;_, (^)

~~\/-



-,..^
i-ïSg

x

6í<

TABLE I

AVERAGE CAPITAL/OUTPUT RATIOS: BRAZIL (1959-70)

?;:•

Sectors 1959 1970 Re1 at i vê
Variation
w

Non-Metal 1 ic
Metal 1urgy
Mach i nery
Electr i ca 1 Mater i a 1
Transportation Equipment
Lumber
Furniture
Paper and Cardboard
Rubber
Hi des and Ski n
ChemÍ ca 1 s
Pha rmaceut i ca 1
Cosmet i cs
Plast i cs
Text!lês
Clothing and Shoes
Food
Beverages
Tobacco
Printing
Mi see 11aneous

Total

.83

.89
2.08
.42
.9^

2.23
.34
.93
. 19

2.59
2.20
1 .09
1.30
1 .68
2.51
1.1i(
2.hk
2.79
1 .32
1 .99
1.3Í»

2.01

1 .92
1 .98
2.05
1 .27
1.75
2.32
1.54
2.23
1 .05
2.70
2. 18
1 .00
1 .21
1.58
2.85
1 .28
2.í(9
2.99
1.26
2.08
1.72

1 .98

+ 5
+ 5

2
-11
-10
-t- li
+15
+16
-12
+ I»
I
8
7
6

+14
+12
+ 2
+ 7

5
+ 5
+28

2

Source: R. Bonelli, op. cit., p. 198.

^ >
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TABLE I I

AVERAGE CAPtTAL/OUTPUT RAT IOS--BRAZIL

19A5-52 1953-56 1957-60 19;<7-60
"--.

Current Pr i cês 2 . 52

Constant Prices 2.15

2.67

2.48

2.19

2.10

2.45

2.23

Source: W. Baer, Industrialization and Economic Development,
op. cit., p. 130.

4
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where Y. is the level of output in the i period and d is

the annual rate of depreciation.

Simi 1ar1y P-|-AKÍ = PPTAY; ^5^ /

and PTKT-J-I ^PTYT-J-1 (6)

Making the necessary substitutions in equation (3) we have

PTKI PK
epT,E, AYi + PPTYT-J-1

-i^l——,'.''' (7)
T-J T-J

g Z P,AY, + dg E P.Y
i=T •' ' i=T

Assuming now that the rate of output growth is constant in

a given period of time we have
*

Y = Y (1+r)
T-i

and ÀY^. = AYj(l+r)

where r is the ànnua] average rate of output growth.

Substituting the value of Y; and AY; in (7) and cancelling

out (P) we obtain

T-J

AYT .£
1

PTKI PK
i=T (1+r)

T-T+ YT-J-1
T-J

AYT .E
l

p

i=T (1+r)T7T
i ...'"' l

PT ~'T i=T-1 (1+r)T~

17

p

p.T

or PT-K' = a(PK) where (a) is the price deflator.

Bondli's deflators and the 1959 corrected capital

stock at 1959 prices for the Northeast and the South are

(8)
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shown in Table III. As the data show, industrial structure

diverges between both regions. Though both regions' indus-

trial structure is concentrated in the Textile and Food

sectors (columns k and 5 of Table III), this concentration
is even more pronounced in the Northeast. In fact, while

31 per cent of the South's capital stock was concentrated

in those two sectors, the corresponding figure for the North-

east was 67 per cent. This divergent pattern on the regional

industrial structure is also evident in sectors like

Metallurgy, Machinery, Electrical Equipment, and Transporta-

t ion Equ i pment.

IV.2.2 The 1970 Capital Stock

The estimation of the 1970 capital stock has to rely

on gross investment for each year during the 1959-1970

period, which is available from the FIBGE-DEICOM annual
]industrial survey. These data, however, pose some problems.

First, they are not strictly comparable to the Industrial
20Census data and the divergence in coverage is not equal

for both regions. Second, gross investment for the I960,

1961 years is missing. Third, the investment and also the
1959 capital stock data, are expressed in current prices.

To deal with these problems, the following steps were taken:

a) Adjustment for Coverage

Assuming that the coverage level of DEICOM output data

holds equally for the investment data, we estimated the

I,
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TABLE I I I

DEFLATORS, REGIONAL CAPITAL STOCK AND ITS STRUCTURE--1959

(CR $1.000 of 1959)

Sectors Deflators caPita1 stock
(1) NE South

Structure

NE South

Non-Meta1 1 i c
Meta 11urgy
Mach i nery
Electrical Material
Transportat i on

Equ i pment
Lumber
Furniture
Paper and Cardboard
Rubber
Hi des and Skins
Chemi ca 1 s
Pharmaceut i ca 1 s
Cosmet i cs
P1astics
Text ilês
Clothing and

Footwear
Food
Beverages
Tobacco
Printing
Mi sce11aneous

TOTAL

29.295 .066 .052
55.319 .025 .099
25.560 .002 .0^(6
21.583 .001 .039

59.177 .005 .106
10.831» .018 .019
7.515 .010 .013

14.396 .017 .026
9.653 .003 .017
7.397 .018 .013

54.876 .099 .098
7.224 .002 .013
3.387 .011 .006
3.179 O .006

77.137 .268 .138

11.291 .013 .020
97.770 .í»09 .175
18.818 .043 •03i»
3.568 .019 .006

13.705 .023 .024
6.401 .003 .011

2.21 í»9.931 559.091 100 100

61.99 3.31
2.06 1 .267
1 .68 118

1.77 70

1.69 232
8922.15

2.20 510
8482.15

2.06 1 72
3.02 902

4.956
95

2.Ï3 541
8

2.í»6 13.383

2.43 650
20.Í<1A
2. 160

937

2.39
2.45
2.76
2.29 1 .159

3812. 10

Source: Industrial Census, 1960--FIBGE
1) From Bonelli, op. cit., p. 196.

•»;xas^;

^SS^KhI^Ï S^~^~^
I s' «; ^&. - cia

EÏtrOWKa
^"'••••^^•aKSXA.:^^^.,.
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i;',

proportion of VTI (Value of Industrial Transformation) of
those establishments with five or more employees, etc.,
(set b) on the total VTI (set c, as defined in sect. 111.1)
by region and sector (data not shown). Then the investment
figures were adjusted upward or downward depending upon

whether that proportion was greater or smaller than 90 per
cent.

b) Gross Investment for I960 and 1961

To cope with the fact that data on gross investment

were missing for I960 and 1961, the average rate of output
growth was estimated for 1959-1962. Then, assuming that

t

the rate of growth of capital was proportional to that of
output, gross investment for each sector and region for

2both years was computed."^

c) The Use of Price Deflators

Finally, the nominal data on capital and investment

were adjusted to 1970 constant prices by applying implicit

deflators of gross capital formation from the national

accounts." This series of price deflators (1959 to 1970)
was not complete since the index for 1970 was missing. To

fill this gap, the 1970 general index of producer goods was
used."''

The completion of these steps yielded our estimate of

the 1970 capital stock for both regions. Algebraically, our

t ,

~v^ ~~~^'

wí':
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adjusted capital stock is written as:

i

II
KK.

l'i:

y..'

K70- K59 +
69
z T
=60

where the bar stands for capital and investment at constant

pr i cês.~~

Data on Table IV, columns 1 and 2, show each region's

1970 capital stock at 1970 prices. Before elaborating on

these data, however, two questions have yet to be considered.

The first concerns the influence of the 1958 drought and its

effect upon our estimates of the Northeast 1970 capital

stock.» The second relates to depreciation charges in the

1959-1970 period.

IV.3 - The 1958 Drought in the Northeast and the New Estimates

of Capital Stock

The Northeast 1970 capital stock may have been over-

estimated due to the recurring drought phenomenon in that

region. Drought was particularly serious in 1958, and

sharply reduced agricultural production while creating mass

unemployment. Sales and output of sectors dependent on

inputs from the agricultural sector were affected adversely.

As shown in Table III, column li, the Northeast indus-

trial structure was heavily oriented toward production of

consumer goods in 1959. In sectors such as Food and Textiles,

4Ï5i^i Í-V.S:
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dependence on inputs from the agricultural sector was par-
ticularly great, and, in 1959, because of adverse climatic

28
conditions and raw material shortages, there was a sharp
reduction in agricultural products."'' Aggregate demand for
industrial products was also adversely affected, and the
whole productive system of the region was disrupted by the
drought phenomenon. Income levels fell as did the demand
for consumer goods such as clothing, beverages, food prod-
ucts and othe rs.

To the extent that the 1959 production level was below

"normal," our estimates of capital stock for those sectors
were overestimated. This estimation bias is inherent in the
procedure we have followed in estimating the 19&0-61 gross
investment level. If we assume that the 1962 production
level was "normal," it is clear that our estimated rate of
output growth for the 1959-62 period is overestimated. As a
check on this, data on 1958 value added was taken from S.
Robock.''" After these data were transformed into 1959 VTI
figures, new rates of output growth were estimated. As
expected, these new rates were lower than our previous
estimates in nine of the eleven sectors, and the capital

32stock for nine sectors was adjusted downward. The adjusted
results are shown in Table IV.

Comparing both regions' capita1' stock in 1959 and
1970, it can be seen that some structural change did occur.
This change is more visible in the Northeast where a

~\/-
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significant decrease in the share of the Textile and Food

sectors is observed. The most conspicuous growth sectors

were the Chemical and Metallurgy sectors. For the South and

the remaining sectors in the Northeast, the changes were not

substant i a 1 .

I V.4 - Depreci at ion

No allowance for depreciation was made in the estima-

tion of the 1970 capital stock in section IV.2.2. There-

fore, the value of the 1970 cakpita1 stock could be an

overesti mat!on. Since data on actual depreciation are

not available, we could have assumed either a rate of

depreciation equal to 5 per cent of yearly gross output or

to 29 per cent of yearly gross investment. Even though
1^

both pro^cedures are used on data in national accounts,
\.

neither will be used. First, in Ch. Ill (sec. III.I() we

assumed an average life of 10 years for fixed capital.

There we argued that the assumption of an equal depreciation

rate was a better approximation of the actual pattern of

replacement charges in both regions. It was also argued

that, since it is the acrbss-region differences in the

capital/1abor ratio that really matter, for our purposes

any question dealing with the actual span of useful life of

fixed capital is not substantive. Second, the actual

depreciation rate is not known and, since it is likely to

t,

'*!
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differ among sectors, it is doubtful if any gain in accuracy

could be achieved by actually depreciating each year's if 1ow
of gross investment in the 1959-1970 period. Moreover,

differences in the rate of depreciation at the plant level

tend to offset each other with aggregation and in inter-

regional comparison. Third, statistical data on capital
stock, unlike that on labor and output, are usually poor.
Not that statistics on output and labor are totally accurate

or free of conceptual difficulties, but only that, as

indicated by both T. Barna"" and J. R. Hicks,-'" these

difficulties are less important than those related to the

measurement of capital. Thus, it can be argued that data

on capital or gross investment are usually biased. Though

the direction of this bias is not known, it is likely that

in our case it is downward since:

i) Our deflators, as well as Bonelli's, were derived

from national account data and refer to the gross

capital formation of both government and private

sectors. In the latter, investment in the agricul-

'ture and service sectors is included. If the

price change for the industry sector is greater

than for the other two sectors, underestimation of

1970 capital stock can happen. Though we do not

haveany information on the movement of capital

price by sector of the economy, it is likely that

the price of equipment and machinery has risen

/

~'~^ --^- ^^
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more rapidly for the industrial sector than for the

agriculture and service sectors.

ii) Underreporting can be frequent in stating capital

expend i tures.

iii) As indicated by Kuznets, considerable additions

to capital stock are not included in census data

since they are produced within the firm. These

additions, he argued, are more important at the

early stages of economic development than later.

Though we cannot determine the magnitude of the under-

estimation bias, it is great enough to assume both regions'

capital stock as net of depreciation. This assumption,

however, is more apt for the South than for the Northeast

since the Northeast's capital/output ratios, even when

adjusted for capacity utilization, tend to be higher than

either the South's or SUDENE's weighted average ratios (see

Table V).39

IV.5 -Investment for Modernization and Accumulated

Depreciation in the Northeast

Increase in the Northeast capital stock is partly due

to SUDENE's fiscal incentives, many for modernizing existing

plants. Not a11 modernization can be accounted for by re-

placement, since some investment for modernization can be
ko

used to expand existing facilities. Unfortunately, there

*•*
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AVERAGE CAPITAL/OUTPUT RATIOS

76

/

i;.;;!- Sectors NE
1 South

1 1
NE
(*)

South1 SUDENE'S
(*)

t.

të
Non-Metal lie
Metal 1urgy
Machi nery
Electrical Mater
Transportat i on

Equi pment
Lumber
Furniture
Paper and

Cardboa rd
Rubber
Hides and Skins
Chemi ca 1 s
Pharmaceut i ca1
Perfume and Soap
Plast ics
Textilês
Clothing and

Shoes
Food
Beverages
Tobacco
Printing
Miscel 1 aneous

al

2.36
2.57
1 .06
1.93

3.38
3.20
3.k0

^.57
2.89
6.40
3.33
1.7Í<
2.79
Z.k2
5.57

l.39
3.53
2.89
1.05
í». 19
1.6i(

1 .94
2.28
1 .20
1.51

2.53
2.9^»
1.^7

2.03
1 .37
3.9Í»
l .92
.75
.71

l .03
2.69

1.11
2.45
3.03
1.05
1.52
1.03

2.17
2.13
.79

1 .29

1.18
2.50
2.35

3.8i(
2.25
it.35
2.70
1.36
2.37
1 .89
3.90

1.26
2.43
2.22

.81»
3.26
I .28

1 .75
2.01
.98

1 .22

1 .20
2.53
1.26

1 .87
1.30
3.39
1.71
.64

.58
.8^»

2.42

.92
1.96
2.60
.87

1.31
1.57

2.82
3.72
1 .81
1 .29

1 .í»9
1.88
1.15

2.35
1.37
1.55
3.68
.89
.66

1.3^<
2.66

.68
1.79
2.82
.78

l .55
1.38

1) Source: Table IV and Industrial Census.
2) Source: Goodman and Cavalcante, op. ci t., Tables I X.1 ttand IX.15, PP, 2^9-251 .
* K/Y are adjusted for capacity utilization level.

^ ^
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is no breakdown of the modernization figures and the realized
investment data refer to total investment (i.e., includes
working capital) for plants already in operation by
December 1968. Finally, all states in the region are
covered.

To deal with these problems, the following steps were
taken: a) since there is no sectoral data on the actual

---.(even planned) proportion of working capital to total capital,
this latter figure was assumed to be equal to fixed invest-
ment in modernization projects. We defend this assumption
on the ground that actual investment began to come on stream
only after 1967: b)the spatial distribution of planned new
and modernization investments indicates that an average of
71 per cent of total modernization investment was to be

42
invested in Ceará, Pernambuco and Bahia. Since no compar-
able data exist for actual investment, the planned proportion
was assumed to hold sectorially for actual investment.
Briefly, steps (a) and (b) were applied to the data on actual
investment for modernization by sector. The resulting
figures correspond to the actual- fixed investment in modern-
ization projects in the states of Ceará, Pernambuco, and
Bahia. Finally, since not a11 investment can be accounted
for by replacement and addition to capital stock is not
available, 50 per cent of the estimated actual fixed invest-
ment for modernization was assumed to be actual replacement

t»
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charges. For the Textile sector, however, investment !n
modernization was accounted for by actual depreciation
charges.

Tables VI and VII show the age composition of capital
in the Textile sector at two points in time. Both the age
composition of equipment and the number of machines were
substantially reduced in the 1959-1969 period. The reduc-
tion in the number of looms was greater than in the number
of spindles, 51 and 36-5 per cent respectively. Moreover, if
in 1959, 61.7 and 86.6 per cent of spindles and looms,
respectively, were older than 15 years, by 1969 those
figures were reduced to approximately 36.5 and 3zt.2t per cent.
Both reductions in the number and in the average age of
machines indicate that the Textile sector has been rapidly
modernizing.'" Thus, our assumption about replacement costs
is accurate and reasonable.

As it happened, the assumed depreciation charges for
most of the sectors were insignificant, either in absolute
terms or as a proportion of each sector's capitalstock
(data not shown). This outcome, however, was not true for
the Non-Metallic and Textile sectors. Since these two
sectors alone accounted for 51 per cent of the total realized
investment for modern izati on projects, depreciation of their
capital stock was included.

45
this was not included.

kk For the remaining sectors,
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IV.6 - Capital Stock at LowerLevels of Aggregati on

No information on capital stock, investment, or even
horse-power is available at a more disaggregated level in
Brazil's 1970 Industrial Census. Therefore, sectoral
capital/output ratios were assumed for component branches.
By estimating each branch's output proportion on the
sectoral output level, each branch capital stock was
est i mated, i.e.,

/

K•j
K,

VAB, ,
^VAB. •*

K
r i

K

[VAB7] VABij
i

^ T i J

where K., is the j"" branch capital stock in the i'" sector,
simi1ar1y for VABç..

Measurement errors were likely for these estimates.
Capital/output ratios, though admittedly fairly stable for a
given sector through time, are not necessarily stable among
other sectors. Unfortunately, the direction and magnitude
of this bias is difficult to ascertain. Since such errors
occurred in both regions, they tend to be offsetting. (The
results on K,, are not shown.)

IV.7 - Level of Capacity Utilization

It is usually asserted that capital in use, rather
than capital in place, is the relevant variable to consider
in productivity studies. Since capital services were not

'V' Y

i
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appropriately measured,we should account for capacity

utilization differentials, since unequal levels of capacity

utilization between regions for a given sector would weaken

the proportionality assumption between capital stock and the

flow of capital services. Fortunately, data on capital
1,7utilization are available.

Table VIII indicates that capacity utilization levels

vary between regions for a given sector and among sectors

for a given region. It shows that for a11 sectors, except

Non-Metall i c, Cosmetics and Clothing, the degree of excess

capacity is higher in the Northeast. The across region

differences in capital utilization, however, is not great.

As shown in column 3, for only two sectors--Transportati on

Equipment and Text i 1 es--the Northeast level of excess cap-

ital is 20 per cent higher than in the South. Nonetheless,

it is clear that the flow of capital service is not propor-

tional to the level of capital stock. This lack of propor-

tïonality is more pronounced in the Northeast than in the

South either because of the Northeast's lower level of

capacity utilization or because of its h igher within-sector

variations. Thus, since capital in use, rather than capital

in place, is the important variable to consider in produc-

tivity studies, adjustment for the level of capacity utiliza-

tion is desirable. The same is true for the flow of capital

services.
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TABLE VI I I

CAPACITY UTILIZATION LEVEL
(a)

Sectors NE
(a)(1)

South
(b) (2)

*,

(a)/(b)

B:

:l

Non-Metallic 92
Metallurgy 83
Machinery 75
Electrical Material 67
Transportation Equipment 35
Lumber 78A
Furniture 69
Paper and Cardboard 84
Rubber 78
Hides and Skins 68
Chemicals 81
Pharmaceutica1s 78*
Cosmetics 85
Plastics 78*
Textile 70**
Clothing and Footwear 91
Food 69
Beverage 77
Tobacco 80
Printing 78*
Mi seellaneous 78*

Total 78

90
88
82
81
82
86*
86*
92
95
86*
89
85
82
82
90
83
80***
86
83
86*
86*

86

102
94
91
83
^3
91
80
91
82
79
91
92

104
95
78

1 10
86
89
96
91
97

91

^

Sources: 1) Revista Económica, op. cit.. Table 7, P. 84.
2) ConjunturaEconómica,op.c i t., Table VI, p. 68.

a) The figures refer to an unweighted average of quarterly
data on Capacity Utilization.

*) Total Manufacturing level of Capacity Utilization was used
for these sectors since sectoral information was missing.

^
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TABLE VIII

(cont i nued)

** This figure is a weighted average of Textile and Fiber
processing. The weights were 2 and 1 respectively.

AAA This figure refers to the broader classification
"Consumer Goods" since information on this sector was
missing. See "18a Sondagem Conjuntural," op . ci t. ,
Table VII, p. 69.
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Capacity utilization levels are lower in the North-

east because: first, the 1970 drought in the Northeast

adversely affected some sectors. This impact is more strongly

felt in the group of consumer goods industries and in those

industries (e.g.. Textiles and Food) dependent for inputs
on the agricultural sector. Second, for sectors such as

Electrical Material and Transportation Equipment, it was

probably difficult to produce at a higher level of capacity.

Poor management combined with low level of labor skill were

bottlenecks in new Northeast industrial ventures.

Data in Table IX show the annual average rate of

growth of capital stock for the 1959-1970 period for both

regions. Though, on the average, regional growth rates

were equal, they differed sharply at the sectoral level.

This discrepancy was pronounced both between regions as well
as among sectors for the same region. For the Northeast,
the rate of growth varied from a minimum of 2 per cent for
Hides and Skins to a maximum of 38 per cent for the Plastics
sector. The rate of growth was also high (3\%) for the
Electrical Material sector. In the South, on the other hand,

the range of variation was narrower since the minimum and

maximum rates were 6.5 and 14 per cent, respectively, for
the Food and Plastics sectors.

Contrasting the rate of growth of Northeast capital

stock with its level of capacity utilization, we see that the

higher the level of excess capacity, the higher the rate of
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TABLE IX

ANNUAL AVERAGE RATES OF CAPITAL GROWTH*--1959/1970

Sectors NE

Non-Metal1ic
Metal 1urgy
Machi nery
Electrical Material
Transportation Equipment
Lumber
Furniture
Paper and Cardboard
Rubber
Hi des and Skins
Chemi ca 1 s
Pha rmaceut içais
Cosmet i cs
Plastics
Text i 1 e
Clothing and Footwear
Food
Beve rage
Tobacco
Printing
Mi sce11aneous

1 12
131
17í<
311
189
066
098
052
080
018
1^*5
}0k
066
383
Ok5
083
OA9
087
083
105
075

.8í<

Sources: Tables III and IV

A r = 1n(K,/K^)/n

t»

South

082
120
090
107
102
072
086
081
089
067
081
089
087
136
071»
,079
065
,068
090
.079
089

;8í»

ï^1
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growth of capital stock (particularly for the Machinery, and

Electrical Material, Transportation Equipment, Perfume and

Plastics sectors). In the South, this inference is less
/

warranted, since both sectoral growth rates and level of

capacity utilization varied little. Given the South's far

smaller rate of growth in capital, it is reasonable that the

intense recent industrialization in the Northeast has been
•-..

an important explanatory variable for its level of excess

capaci ty.

The fis-cal incentives scheme in the Northeast may well

have induced Northeast entrepreneurs to overestimate their

capital needs either because of low capital costs or antici-

pation of a rise in future demand (building ahead). This

explanation is restricted to only a share of the regional

capital stock which, though large for a few sectors, was not

sizeable for the majority. A more general explanation has

been that the region's permanent (not circumstantial, e.g.,

the 1970 drought) low level of per capita income'•' has had

inhibiting effect on the expansion of regional demand for

manufacturing goods and so on the increase of the leve-1 of

cap i ta 1 utilization.

l V.8 - Cone 1 us i on

The estimation of capital stock relied on 1959 data,

book value of capital stock, and on the flow of gross



^

m:

/'

t.

88

investment thereafter and, admittedly, could be under-

estimated. Since the magnitude of the bias Is not known,

capital stock was treated as net of accumulated depreciation.

This procedure was likely to be more apt for the South:

first, cap i ta 1/output ratios were generally higher in the

Northeast than in the South; second, modernization of exist-

ing plants through SUDENE's fiscal incentives was high in

the Northeast. Therefore, allowances for accumulated

depreciation were made for the Northeast, whichwith two

exceptions, Non-Metallic and Textiles, was insignificant.

Data on capital stock and capacity utilization were

not available at the branch level. Therefore, we assumed

the cap i tal/output ratio and the level of capacity utiliza-

tion to be the same at sector and branch level. The estimated

capital stock at the lower than two level aggregation was

also treated as net of accumulated depreciation. Finally,

across region differences in capacity utilization for most

of the sectors were lower in the Northeast. However, for

only two sectors--Transportati on Equipment and Text i 1es--was

the Northeast's level of excess capacity 20 per cent higher

than in the South. Adverse effects, both in demand and

supply, of the 1970 drought, poor management and skills were

possible explanations.

'1
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APPENDIX TO CHAPTER IV
/

ADJUSTMENTS OF THE NORTHEAST CAPITAL STOCK

Correcting the overesti mat i on bias in the Northeast

capital stock due to the drought phenomenon meant estimation

of new rates of output growth for the 1957~'962 period.

Intermediate steps necessary for this calculation were:

first, since no data on 1958 VTI was available, the value
added had to be transformed into VTI figures. To do this,
the 1958 value added was first converted into value added

at 1959 prices and then multiplied by the 1959 ratio of VT I

to value added, assuming that this rat!o remained constant

in that period. Second, the average 191t9~1958 sectoral rate
of output (VTI) growth was estimated. Assuming that these
rates remained constant, the 1959 VTI (presumably free of
the adverse effect of the drought) was then estimated. The
final step was to estimate the new rates of output (VTl)
growth for the 1959~1962 period, and, from them, the adjusted
flow of gross investment for I960 and 1961.

Table IV shows substantial reductions in capital stock

for some sectors. These reductions might have been greater

if data on 1957 VTt had been available, because the 1958out-
put level was also probably affected by the drought. This

89
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immediate effect tended to be greater in those states more

directly affected by drought, i.e., Ceará and Pernambuco.

Thus, measured capital stock could still be an overesti mat i on.

Finally, out of eleven sectors considered, adjustments

were made for nine. The data we used show only twelve

sectors and one of them, Metals, was likely to include the

Metallurgy, Machinery, Electrical Material and Transportation
'..

Equipment sectors in the 1959 and 1970 FIBGE classification.

Because of the low weight of these sectors on regional

industrial structure, (see Table I) and because they were

unlikely to be affected by drought (at least on the supply

side) they were not considered. Two of the remaining eleven,

Paper and Cardboard, and Chemicals, did not show any reduction

in the output (VTl) rate of growth, i.e., their rate of

growth in the 19I>9-1959 period was greater than in the 1949-

1958 period, which was not true for the remaining nine

sectors.
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FOOTNOTES TO CHAPTER IV

See equations 4 and 5 in Ch. It.
2Data on

avaliable on 1 y
3

capital stock and on gross investment are
for the industrial sectors.

g ro ss^ investment
an

that data on both capital stock inare given by state. For estimat-
unweighted sum was computed.

It should be noted
1959 and on
ing regional data!(_,The question related to quality change was briefly
treated before. See Ch. ill, sec. 111.4.

R. Bonelli, Tecnologia e Crescimento Industrial: Aexperiência brasileira nos anos 60 (IPEA, serie monográfica,
n.

°pj

25, Rio
6,

de Jane i ro,

For a
cit., pp

f u 11 acount
189-193.

1976).

of the approach, see R. Bone 1 l i ,

7.There is nothing in Bonelli's work which explains why1939 was chosen as the terminal year. We can only suggestthat availability of data on output restricted his choice.In fact, the output index Bonelli used was available onlyafter 1939. Moreover, it is not unreasonable to assume thatthe useful life of capital stock is equal to or even lowerthan twenty years. For the data on output index see F. G.Loeb, "Número Indices de Desenvolvimento FÍSICO da ProduçãoIndustrial, 1939-19ít0," Revjs_ta Braj i 1 e i ra de Economia,
7, n. 1 ,
8.

yea r
pp 31-66.March 1953. Table I I ,

are price indices of the fixed grossBoth P. and P.
fixed capi ta 1 ' format i.on .

Similar procedure was used before by A. Fishlow,"Origens e Consequências da Substituição de Importação noBrasil," in Formação Económica do Brás r 1, op. çit., pp. A1-
63. See E. Domar, "The Cap i ta 1-Output Ratio in the UnitedStates; Its Variation and Stability,". in Theory of Capital--I.E.A., D. C. Hague ed. (St. Martin's Press, New York, f9^1 ) ,pp. 95-117, and S. Kuznets, "Quantitative Aspects of theEconomic Growth of Nations v. Capital Formation Proportions:
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International Comparisons for Recent Years," in Economi cDevelopment and Cultural Change, vol. 8, no. ^, part II,July 1961, pp. 1-12^. See pp. 16-33 in particular.
It is important to consider gross instead of netinvestment, since new equipment, whether for replacement orin addition to existing capital stock, is, generally, moreefficient than older equipment. As stated by E. Domar,"One would prefer some net figures to gross, but workingwith net investment and net stock of capital in the con-ventional sense one loses sight of gross investment as a

major vehicle
c i t., p. 99.

12,

of technological progress." E. Domar, op

for example, has found that for some
countr
II

.e., the United States, Britain, Japan, theS. Kuznets,
es ,average ratio of total capital to total outputdeclined roughly a fifth over the long period between aand a full century . . . ." S. Kuznets, Postwar Econom(The Belknap Press of

Mass. , 1964), p. AO.

half
c

Growth--Four Lectures
Harvard Univer-

si ty Press,

13,'R.

Cambr i dge,

Bone1li, op. ci t., p 198.

in
p.

]\.
Brazi 1
130.

15>

Baer, Industrialization and Economic Development(Richard D. Irwin, Inc., Homewood , til., 1965),

'W. Baer's data refer to the whole economy and arederived from national account data on gross fixed capitalformation and gross domestic product. Bonelli's data referto the ratio of gross fixed capital to gross output.
16, forBonellt argued that this assumption was used moresimplification purposes since it allows the use of ". . .annual average rates of growth through decades instead ofthe corresponding individual rates." R. Bonelli, op. ci t.,

p. 190.
The estimated deflators refer to Brazil's industrial

sectors, and we have used them for correcting regional dataon capital book value.
18, the percentage

sectors.

d i str i but ion of
By "structure" we mean

the region's capital stock by
9Producão lndustrial--1966 , 1967, 1968, 1969--FIBGE-

DEICOM, Rio de Janeiro.
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20,The DEICOM data are based on a sample of establish-
ments which covers approximately 90 per cent of industrial
production. The Industrial Census, on the other hand, cover;all establishments with 5 or more employees and/or value of
production greater than 61»0 times
prevailing in the country in 1970
111.1).

the highest minimum wage
(set b as defined in sec.

21For the definition of VTI, see Ch. Ill, sec. III.3.2.
22Except for the Lumber, Furniture, and Hides and Skins

sectors in the Northeast only, the proportion was systemat-
ically greater than 90 per cent. Thus, with the above
exceptions, both i'nvestment flows were adjusted upward.sectors, a downward adjustment was made.

By output, we mean VTI here.

For these three

23,

24

1971.
97.

See Conjuntura Económica, vol. 25, n.
National Accounts--Updating, Tables 2

9, September,
and 14, pp. 92-

25.This index has 19&9 as base year, and it is available
only after that year. It is weighted average of the indices
of motor vehicles machinery and equipment, and others. SeeConjunturaEconomica, vol. 26, n. 2, February, 1972, p. 185.

26As can be noted from
capital stock estimates arehand, this approach is warranted since this year's invest-
ment usually does not add to current capacity. On the othei
hand, the choice of the time lag is arbitrary, because the
actual lag can be higher than one year and can vary from
sector to sector.

the algebraic expression, our
one year lagged. On the one

For an exce
in the Northeast,
Progress (The Twen
pp. 58-72.

For an unde
were appropriately
exception rather t
t i on of raw mater i
year's industrial
primary sector.

llent description of the drought phenomeni
see A. 0. Hirschman, Journeys Toward
tieth Century Fund, New York, 1963), Ch.

the
rdeveloped region like the Northeast,
high inventories of raw material are

han the rule, a poor year in the produc-
al will significantly affect the coming
activities in those sectors linked to the

29Production of cotton seeds was most affected.
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30For an excellent analysis of the disruptive effect
of the drought phenomenon on the region's social economic
system, see~"Grupo de Trabalho para o Desenvolv i mento do
Nordeste" (G.T.D.N.), op. cit., pp. 313-325.

31,

32.

See Stefan H. Robock, op. cit. , p. 52.

The criterion for making this adjustment is discussed
in the Appendix to this chapter. There we discuss, a) therationale for working with eleven sectors only; b) the
transformation of value added in VTI figures.

33Note that the 1959 capital stock is net of accumulated
deprec ?at i on .

3 As a matter of fact, the last procedure !s used more
often in the Brazilian economic literature. See 0. Reboucas,
op. cit., p. 65, and Jorge Jatobá, Politica de Preços,Mudança de Tecnologi a e Absor.cãode Mão de Obra (PIMES--
Universidade Federal de Pernambuco, 1977^, PP- 161-162.
(This work is a translation of Jatoba's Ph.D. dissertation,
Vanderbilt, 1971t, pp. 1-185.)

35See T. Barna, "On Measuring Capital," in The Theory
of Capital--!.E.A., op. cit., pp. 75-92t.

^6J. R. Hicks, "The Measurement of Capital in the
Relation to the Measurement of Other Economic Aggregates,"
in The Theory of Capital, I.E.A., op. cit., pp. 18-31.

37S. Kuznets, Economic Growth and Structure--Se1ected
Essays (W.

38,

W. Norton & Company, Inc., New York, 1965), P. 32<.
A similar procedure was followed by R. Bonelli in

his treatment of Brazil's capital stock. R. Bonelli, op
cit., p. 195.

39-The level of capacity utilization will be discussed
in the next section. Figures for cap ita1-output rat i os of
new'and modernization projects, as we 11 as the corresponding

investment, are available in Goodman and Cavalcante,
cit.. Ch.lX, tables IX.14 and IX.15, PP. 2A9-251._ The

are given by the proportion of each category of
investment on the total investment.

p1anned
op.
we i ghts
p1anned

ít°Even here, however, it is hard to visualize an old
factory undergoing substantial modernization on top of old
equipment. Basically, the modern izati on drive^, wheneversubstantial, does imply the replacement of at least part of

^''
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the equipment. Thus, data on realized modernization invest-
ment do reveal indirectly the magnitude of the accumulated
deprec iat i on .

h}.These figures were adjusted to 1970
For primary data on realized modernization
Goodman and Cavalcante, op. cit., Ch. XII.

í(2Ibid., p. 283, Table IX.
43

Press, New
bk.

cons tant prices.
investment, see

strong incen-
equ i pment. l n
of old equi p-

Both BNB and SUDENE financing provided
tives for managers to buy new, and scrap old,
general, the program demanded the replacementment for two reasons. First, modernization was not meant to
increase capacity. Second, the replaced machinery could not
be resold to other plants; i.e., it had to be literally
scrapped. See, Pesquisá sob re a Industria Têxtil do Nordeste
(MINTER-SUDENE, Recife, 1971), PP. 25-29. A similar program
for the South was not available. As indicated by Bergsman,
the decrease in that region's average equipment life for the
Textile sector was achieved more through new plants than
modernization of old ones. See Joel Bergsman, Brazil--
Industrialization and Trade Policies (Oxford University

York, 1970), p. 137.

The depreciated figures for both sectors are 422.732
and 732.75Í» thousands of CR$ at 1970 prices for the Non-
Metallic and Textiles sectors, respectively.

Similar figures were not available for the South. We
decided that this fact poses no particular problem, since
the South's cap í ta 1/output ratio can be considered fairly
low. First, the observed ratios for the South are systemat-
ically lower than Northeast's. Second, they are, in general,
lower (though by a small amount) than Bonelli's (see Table
I). The same is true if we compare these estimates with
those by W. Baer (see Table 11). Third, if S. Kuznets'
low limit of 3 to 1 for cap i ta 1/output ratio is chosen as a
basis of comparison, the South's estimates look even lower.
For the Northeast, in four sectors. Hides and Skins, Paper
and Cardboard, Textiles, and Printing, the cap i ta 1/output
ratios are higher than 3 to 1.

It should be noted that by assuming a straight line
depreciation and equal life for capital in both regions,
this proportionality assumption was implicity made.
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í*7,For complete information on the procedure and its
limitations, see, for the South, "18a Sondagem Conjuntural,"
in Conjuntura Economiza, vol. 25, n. 3, 1971, PP. 68-75.
For the Northeast, see "Sondagem Conjuntural na Industria de
Transformação," in Revista Económica, tl (7) Jan./March,
pp. 73-90.

This question will be further discussed in Ch. VIII.k8.

^3It is interesting to note that Northeast per capita
income was 60 per cent lower than the national figure, the
South's level was 35 per cent higher. Moreover, as argued
in SUDENE's IV Master Plan, the regional incomewas not only
low but also poorl-y distributed. See on this, Goodman and
Cavalcante, op. cit., p. 177.
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CHAPTER V

RATES OF RETURN AND THE COST OF CAPITAL

V.1 - t ntroduct i on

IE

ï:ï"

The "computation of the cost of capital is a very
tricky business."' This is so partly because there is no

\

3

explicit transaction cost between the sale and purchase of
2capital services. There would be no difficulty if all

capital units were rented instead of owned, the rental
rate being a good measure of capital price. Since ati
units are not rented, an alternative measure has to be
found.

In empirical studies, the gross rate of return has
been the most common measure of capital cost. However,
measurement errors, lack of adequate data, and problems of
definition of capital rentals, make empirical estimates of
gross rates of return an unreliable "proxy" of capital cost.
In Brazil these problems are compounded because there have
been changes in economic structure, creating measurement
errors, especially in the rate of return. In this chapter
we develop an alternative "proxy" for relative capital cost.
First, we discuss the gross rate of return, as well as the
reasons for rejecting such estimates as "proxies for
capital cost. Second, an alternative "proxy" for relative

37 ^•Í^UI^^.-^^
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capital cost, based on the proportion of subsided capital

in Northeast capital stock is discussed. Finally, we deal

with the importance of internal and outside financing.

V.2 - An Inter-Regiona1 Comparison of Rates of Return on

Fixed Capital
t

From a theoretical point of view, rates of return on

capital ' should be higher in the Northeast than in the South,

since the cap i tal/1abor ratio is expected to be lower in the

less developed regions than in more developed ones.

Our empirical results, however, are not consistent

with this hypothesis. Data in Table I show that, except

for the Machinery and Rubber sectors, rates of return are

higher in the South. Moreover, the across-regi on differ-

ences are higher than 50 percent for most of the sectors

(see Column 3). For instance, for ten of twenty-one sec-

tors, the rates of return in the South are up to two times

greater than in the Northeast. For the Printing and Plastics

sectors this differential is more than three. In the remain-

ing sectors, the across-regi on differences are equal to

or 50 per cent greater In the South. These rather large

differences in rates of return are not likely to be ex-

plained by d ifferences in cap i ta 1/1abor ratios because, if

this was the case, both capita1/1abor ratios and wage

rates would be higher tn the Northeast than in the South,
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TABLE I

RATES OF RETURN--1970

w

Sectors
\

NE
(1)

South
(2)

(2)/(1)
(3)

(2)/0)A
(4)

Non-Metal1ic
Meta 11 u rgy
Mach i nery
E1ect r i ca 1 Mater i a 1
Transportation

Equ i pment
Lumber
Furniture
Paper and Cardboard
Rubber
Hides and Skins
Chemi ca 1 s
Pharmaceut ï ca 1 s
Cosmet ics
P1asti cs
Text i1 es
C 1oth ï ng and

Footwea r
Food
Beverages
Tobacco
Printing
Miscellaneous

31 (29)**
24
ít6
27

}b
}b
18
11
22
07
21
í»0
30
2^
12(10)**

í>6
21
20
83
11
38

35
30
í(S
^5

26
21
40
31
57
16
42

111
121
71
2b

56
32
2^4
Qk
37
.64

1 .129
1 .250
1 .0^3
1.667

1.857
1 .500
2.222
2.818
2.591
2.286
2.000
2.775
lt.033
2.958
2.000

1 .217
1 .524
1 .200
1 .012
3.364
1 .68A

1 .154
1.119
.95'»

1.379

.823
1 .360
1 .782
2.564
2. 127
1 .807
1 .821
2.553
í».180
2.Q}k
1 .560

1 . 141
} .3ïk
1 .068
.975

3.061
1.633

Sources: Industrial Census, 1970 and Table tl, Ch. IV.
A Here the Northeast rates of return were adjusted for

the level of capacity utilization.
AA Rate of return estimated with non-depreciated capital

stock.
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As we show in Chapter VI, this is not true. Thus, factors
other than cap i tal/1abor ratios, which include measure-

ment errors, capacity utilization, product-mix differen-

tials, and degree of monopoly, may also partly explain
these differences in rates of return.

Consider first capacity utilization. At less than

full capacity, the marginal physical productivity of both
capital and labor is adversely affected," as are the rates

of return. Since the average level of capacity utilization
is lower in the Northeast than in the South, the low

absolute value of the Northeast's rates of return can be

partly explained by this. To check this, we first divided

the Northeast level of capacity utilization by the

South's level by sector and then multiplied this by the
South's relative rates of return (see column 3). The

adjusted South's relative rates of return are shown in
column I»: little is changed. For three sectors only--
Transportation, Hides and Skins and Text i 1es--was the

hypothetical gain (loss) in the Northeast's (South's)
relative rates of return above 20%. Even here, the differ-

entials between both regions remained high.

Considering the product mix argument, and assuming

that different products sell for different prices, price

indices on industrial products, if available by region,

would provide an empirical test of this hypothesis. Since

^'
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such data are not available, an alternative test is to

investigate whether aggregation of data has any bearing
on the observed across-region differences in rates of
return."' Data in Table II show that for only six branches

out of forty-six did Northeast rates of return become
higher than in the South. For the remaining branches the
changes were not substantial. Exceptions to this are found

in the Metallurgy, Electrical Material and Transportation
sectors. This is not surprisinci, since it is in these

sectors that product mix differences can be more important.

Heavy machinery, appliances, electrical motors, vehicles,
and their parts, for example, are produced in the South

only. Moreover, except for the Metallurgy sector, the

branches covered are not representative of these sectors'
output since only two branches in the Electrical Material
and one branch in the Transportation sector were covered

by our data. This can also be said about the Lumber,

Textile and Printing sectors. On the other hand, for

those sectors where product mix differentials are presum-

ably not significant, such as the Non-MetaI 1ic, Furniture,

Clothing and Food sectors, not much change is observed

between sectors and their respect i vê b ranches. There is,

therefore, some indication that differences in product-

mix between regions explain part of the across-regi on

differences in rates of return.
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t .

Branches NE
(1)

South
(2)

(2)/(1)

lï

24
25
30
31
32
3^»
43
63
73
85
91
9^

117
137

173
186

20^
205
209

233
23ít

279
320

382
í(05

35
26
35
52
23
30
23
26
30
21
28
27
í<5
43
9

15

17
16
14

18
17
20

21

8
9

28
30
42
3i*
33
30
28

33
29
22
23
26

í»6
21

10

26

22
3^
9

37
36
51
44

23
2b

.80
1.15It
1 .20
.65^

1 .^35
1 .000
1 .217

1 .269
.967

1 .048
.821
.963

1 .022
.í<88

1.111

1 .733
1.29It
2. 125
.643

2.055
2.118

2.550

2.095

2.875
2.667

i
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I"1 Branches NE
(1)

South
(2)

(2)/(,l)

-I•i

í»l4
^416
^17
í(26
^-1
í»37
438
4^0
í(46
453
461
í<64
472
t^7^
^77
478
484

í»90
ít99

512
557

\

í<8
A9
47
42
33

23
18
23
17
23
15
15
23
2 í;
23
25
17

20
16

7
33

57
58
56
52
53

3^»
35
31
32
31
35
31
34
33
32
34
31
28
22

38
61

. 187

.}8b

.255

.238

.606

.í»78

.9ítí»

.3Í(8

.882

.3Í»8
2.333
2.067
.í»78
.375
.391
.360
.823

.b00

.375
5.428

1.8A8

Sources: Industrial Census--1970

(*) In the case of the Non-Metallic and Text i 1 e sectors
their capital stock and their component branch capital
stock are net of depreciation.

~\^'
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Consider next measurement errors in capital stock.

The relatively high across-regi on differences in gross rates

of return, both at the two-and 1 ess-than-two digit level

of aggregation, are a possible indication that the North-

east's capital stock could be relatively overestimated.

But, as is argued in Chapter IV, section l V.4, this is not

likely to be correct. Consider Martone's estimates,

which are based upon income tax on fixed capital and pre-

tax profits for the 1972 fiscal year. These data indicate

that (see Table III) except for Cosmetics, Pharmaceuti cal s,

and Textile sectors, the rates of return are systematically

higher in the South (see column 3). Thus, whatever the

errors in our measure of capital stock, the across-regi on

differences in rates of return are largely independent of

the particular method or source of data for estimating

regional capital stock and gross rate of return.

For B. S. Minhas, the low yields on capital stock in

1ess-deve1 aped countries or regions are fundamentally related

to lower efficiency in use of inputs, which is consistent

with the low labor productivity in the Northeast, Whatever

the case, rates of return are lower in the Northeast.

The high observed differences in rates of return

indicate that it ïs not appropriate to consider these rates

as a "proxy" for capital cost, since It is unlikely that

capital cost differs that much beti'/een regions. Thus, an

^1
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RATES OF RETURN, 1972
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Sectors

.1,

NE

(1)

Non-Meta11 i c
Meta 11urgy
Mach i nery
Electrical Mater i a 1
Transportation Equipment
Lumber
Furniture
Paper and Cardboard
Rubber
Hides and Skins
Chemi ca1s
Pha rmaceut içais
Cosmet i cs
Plastics
Text i1 es
Clothing and Footwear
Food
Beve rages
Tobacco
Printing
M i see 11aneous

12
12
23
í<8
5

34
53
19
47
46
2k
62

126
30
38
72
25
11
52
39
56

South

(2)
(2)/(1)

1

3í»
32
67
63
50
60
95
28
56
77
30
5^
99
62
36
88
32»
kk
87
52
80

2.833
2.667
2.913
1.312

10.00
.765
.792
.474
.191
.67'4
.250
.871
.786

2.067
•9Í»7

1 .222
1 .360
í(.000
3.596
1.333
1 .428

Source: Celso Martone, op. cit., Table 11.5» P- 79-

~\ ^
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alternative measure of relative capital cost, discussed below,

is desirable.

V.3 - An Alternative Measure of Capital Cost

As argued by Miller and Modigliani ". . . under con-

ditions of perfect certainty, the assumption on which most

of Neo-Classical theory has been developed, the concept of

the cost of capital presents no particular difficulty, tt
1 2

is simply the market rate of interest."'" Assuming perfect

certainty to prevail in both regions, the market rate of

interest for each region could then be taken as a measure of

capital cost. In this case, it could be assumed that capital

cost would be equal (or approximately so) for both regions

since lending rates on borrowed capital differ little

between regions."^ This assumption is incorrect: first,

current gross investment in Brazil is partly financed by

internal funds; second, the main source of credit for

Brazil's private manufacturing sector is official banks,
1 4

which have subsidized rates of interest. T h us,capital

costs can differ between regions due to different proportions

of these credits in total gross investment in each region.

Third, and most important, SUDENE's fiscal incentives to the

Northeast are substantial.'' Since fiscal incentives are

not available to the South, capital costs become unequal

between the two regions. Of the three reasons, only the

-'

~1
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third poses a substantial threat to our assumption of equal

capital cost in both regions. In what follows, we deal

first with SUDENE's fiscal incentives and then with the role

of internal funds and official banks.

V.3.1 - SUDENE's Fiscal Incentives and the.Northeast's

Rei at i vê.Capita1 Cost

Our main contention is that, If it were not for SUDENE's

fiscal incentives, $1.00's worth of capital in the South

would approximately equal $1.GO'S worth in the Northeast.

SUDENE's incentives, however, by providing free funds to

firms in the Northeast, reduce the actual cost. The diver-

gence in the capital costs between the regions will depend

on the proportion of SUDENE's funds in the total investment.

The higher that proportion the lower wi11 be the cost of

capital in the Northeast.

The ratio of $1.00's worth of capital (assumed proxy

for the capital cost in the South) to the adjusted $1.00's

worth in the Northeast wi11 be our new "proxy" of relative

capital cost.'" This measure of relative capital cost is

not prob1em-free. First, no data on the proportion of

SUDENE's capital funds to realized investment are available.

If this proportion differs between realized and planned in-

vestment. Northeast capital cost wi11 have a bias, which

cannot be determined. Second, realized, rather than planned

'\ 'v'"
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investment was considered, and in general, realized invest-
ment is higher. If the difference is met by the entrepre-

1 8neur's own capital, underestimation of capital price
occurs. Third, no data on realized investment and on the
proportion of SUDENE's incentives on fixed capital are
available for tower than two-digit level of aggregation.
Thus, the two-digit level will be assumed to hold over the
subdivisions (branches) of industrial sectors. If SUDENE's
incentives were channeled to some specific branches, their
cost estimates would be b iaséd upward , and underest i mat i on
would occur for'the remaining branches of the sector.

The procedure used to estimate the Northeast's capital

cost was as follows. First, we estimated realized fixed
capital investment through SUDENE's fiscal incentives. Total
figures on new and modernization projects were multiplied
by 68 and 63 per cent respectively, to obtain the fixed in-

]vestment component of the total.'"' Second, fixed realized
investment in 1968 for the whole region was assumed to be
equal to 1969 realized investment in Ceará, Pernambuco and

2 OBahia. Third, the fixed capital thus obtained was mul-
tiplied by the share of SUDENE's financing in the total

2 1planned (not realized) investment, which gives us the total
fixed capital invested with zero cost. Finally, this figure
was subtracted from and then divided 'by our estimates of

221970 capital stock."^ Thus, the reciprocal of the actual
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proportion of capital subsidy in Northeast for the 1970

capital stock can be written as

X- = K;Q - {[K, (1-K^) + K, (1-K^)] X} / K^

where

,i thK4n is the i"" sector capital stock,

K^, is the i sector realized investment on new projects,
\

KU ibid., for modernization projects,

X is the share of SUDENE's financing in the total planned

i nves tment ,

K.. ki u are respective fractions of working capital on SUDENEs
,

total realized investment.

Data in Table IV, column 1, show the proporti on of

subsidies in the total planned investment under SUDENE s

fiscal incentives mechanism. Column 2 shows the realized

investment in fixed capital under SUDENE's fiscal incentives

program. In column 3, we find the reciprocal of the actual

proportion of SUDENE's subsidy X' in the Northeast's 1970

capital stock by sector. Finally, column 4 shows our proxy

for the South's relative capital cost.

Column 4 shows that for only six sectors, Metallurgy,

Machinery, Transportation, Electrical Material, Plastics and

Clothing, was the South's capital cost equal to, or higher

than 30 per cent of that in the Northeast, and for only two

"-/•

~^
\



TABLE IV

SUDENE'S INCENTIVES, REALIZED INVESTMENT AND

RELATIVE CAPITAL COST--197Ü

1 10

Sectors

•»-'

x*

1

Fixed
Reali zed

Investment
CR $1.000,00

2

X "A

J

1/XI

4

Non-Metal1ic
Meta 11urgy
Mach i nery
Electrical Mater i a 1
Transportai i on

Equ i pment
Lumber
Furniture
Paper and Cardboard
Rubber
Hides and Skins
Chemi ca 1 s
Pha rmaceut içais
Cosmet i cs
Plast ics
Texti1es
Clothing and Footwea
Food

Beverages
Tobacco
Printing
M i see 11aneous

TOTAL

r

41
36
53
^3

^8
it2
50
51
39
í»6
39
55
A3
bo
32
51
k7.
33
25
39
51

167.077
192.56ít
13.161
57.831

77.815
21 .6^(0

1 .í(50
5.690
5.803
6.579

208.359

15.993
1^8. 135
36.5it8
39.í»89

5.A77
1 .í<51

811

85
68
77
71

57**
88
99
95
87
93
92

100
100
70
94
72
99

100
98

100
97

176
í»70
299
409

754
136
010
052
149
075
087
00
00
í»28
064
389
010
010
020
00
031

ho 1.005.873

Sou rces: D

*)
AÃ)

See defin i t ion in
For this sector,

Table II in Ch. V; 2) Goodman and
op. cit.. Table IX.3, PP. 22^-225.

the text.
data on "planned inevestment

Cava 1 cante,

was used.

~^ ~v" ^'
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sectors, Non-Metallic and Lumber, was the South's capital

cost higher than 12 per cent of that in the Northeast.

Among these sectors, a heavier dependence on SUDENE's funds
./

is found for Transportation, Plastics and Electrical Materials.

For the remaining sector, the difference in capital cost is

lower than 10 per cent, and for some sectors, for example,

Beverages and Food, that difference is either absent or in-

significant. This fact indicates that the importance of

SUDENE's funds in lowering the cost of capital in the North-

east depends not only on the amount of the funds, but also
2

on the sector's capital stock."'' Thus, our X' figures are

systematically lower than X, as can be seen by comparison of

columns 1 and 3 in Table IV. Finally, by contrasting the

results in Table IV, column 4, with those in Table I, column

3, we can see that the across-regi on d ifference i s not as

large as the rates of return. For this reason, also because

of the independence of these estimates of capital rentals,

we have taken the data in column ^ as a proxy for relative

capi tal cost.

V.3.2 - The Role of Internal Funds and Official Bank

Financing in the South .Relative Capital Cost

As argued in section V.3, a large part of current gross

investment in Brazil is financed by interna1 fund s and by

credit from official banks. In this section we show that

^'
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this basically does not affect our estimates of the South's

relative capital cost.

First, consider the question of internal funds. Data

on retained earnings and gross fixed investment in Brazil's

private industry for the 1953-19&0 period indicate that the

proportion of retained earnings to fixed investment varied

from 46 to 88 per cent between 1953 and I960. The simple

average for the entire 1953-1960 period was 61 per cent and

75 per cent for the 1958-1960 period. Though these figures

indicate the " importance of se1f-fi naneing in Brazil's fixed

investment, they could underestimate the actual proportion

between internal funds and fixed investment since deprecia-

tion allowances are not included.

The proportion of depreciation in total investment

(fixed plus working capital) has been estimated to be 6.8 per

cent for the 1959-1962 period in Brazil's private manufactur-

ing sector.^"' This figure, however, is underestimated.

First, as argued by D. Huddle,"~~ it is computed as a propor-

tion of capital book value at historical cost of acquis ition.

Second, as a ratio of depreciation changes to total capital,

it underestimates the importance of depreciation for fixed

capital formation. Thus, on both counts, the 6.8 per cent

figure is downward biased.

As discussed in Chapter III, section IV,data on actual

depreciation charges are not available. Since we assumed an

Ë
^'" ^
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average life of 10 years for capital stock, we will assume

here that depreciation of fixed capital is 10 per cent per

year. Adding this figure to the simple averages, we have

estimated that the per cent of self financing on gross

fixed capital formation will be increased to 71 and 85 per

cent for the 1953-1960 and 1958-1960 periods, respectively.

In either case, a significant share of Brazil's private

manufacturing gross fixed capital is internally financed.

This becomes even more important after 196^ when fixed asset

revaluation was included. This revaluation is linked to

changes in price level and is determined by the monetary

correction index on government bonds,"' as fixed by the

Ministry of Planning. Thus, the relative importance of

asset revaluation is equal for all regions and is at least

in the 1964-1970 period, decreasing.

Addition of monetary correction to Brazil's average

that we have computed will make our figures on the proportion

of self financing unduly high. Thus, as a gross approxima-

tion to actual proportions, we will assume that 75 per cent

of fixed capital is internally financed in Brazil. This

figure, as indicated elsewhere, is not uncommon in developed

count r i es.

The high proportion of self financing in Brazil's

private manufacturing sector indicates that little weight for

the purpose of determining capital cost can be attached to
tl:
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external funds. Thus, to the extent that both the proportion

and the cost of internal funds are the same in both regions,

outside financing and the structure of interest rates will

not impair our findings on the South s relative capital

cost.

Let us consider the cost of internal funds. In general^,

internal funds, mainly own capital,are not costless since

there is an opportunity cost of investing these funds in the

firm. Assuming this is true, we can take the opportunity

cost of capital on internal funds as approximate to the rates

of interest on exchange bills paid to investors. The bill of

exchange has low risk and offers a sure net gain over

inflation.

Data from Banco Central indicate that the average

monthly rate of interest paid to the investor (saver) was

2.16 and 2.10 per cent for the South and Northeast, respec-

tively. Thus, no great difference is observed in oppor-

tunity cost between both regions. A similar conclusion,

using a different approach, was reached by Bacha."'1

Consider now the proportion of se1f-fi naneing. We

first assume that the South's per cent proportion is equal

(or approximately so) to Brazil's proportion, since we have

no specific data for that region. For the Northeast, use

will be made of SUDENE's 1969 field survey of the new and

modernization projects already in operation by December 1968.
33
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Table V shows the data on seif-fi naneing for both

total projects (new and modernization) and modernization
projects only. These data are divided into own capital,
asset revaluation, and retained earnings proportion on

fixed capital financing,''^ and refer to the 1966-68 period.
First, the proportion of seif-fi nane ing ?s high for both
total and modernization projects but is decreasing. This

'•-,

is explained basically by the reduction in the share of
asset revaluation (reflecting a decrease in monetary correc-
tion), since the share of own assets and retained earnings
are approximately constant. If we assume the proportion of
seif-fi nane ing for modernization projects as an indicator of
that region's manufacturing sector's actual proportion,
we can conclude that there is not much difference in the self-

financing proportion between the Northeast and the South.
More disaggregated data would be necessary for a more defi-
n i te cond us ion.

If acros s-regi on differences in seif-fi naneing are not

a source of unequal capital cost between the regions, the

compositi.on of outside funds can be. SUDENE's fiscal incen-

tives are such a source, as are the loans to both regions'

manufacturing sectors by official banks. In the latter case,
the region with a greater proportion of subsidized credits
will have a lower capital cost in relation to the other region.
Thus, it is relevant to know if one region has benefited more

J"SSS^S^ÍFES^~^
P >-: &.Ã. ~- cëa
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than another in terms of subsidized credits from the offi-

ciai banks.

The most important official bank is the BNDE (National

Economic Development Bank) because of its predominant role

as a source of credit for Brazil's private manufacturing

sectors. Given the predominance ofthe South's manufac-

turing sector, it is certain that this region gets the larger

share of the absolute va1ue of credit from the bank. How-

ever, it is not certain that the proportion of credit to

each region's capital stock will differ much between the

regions. To check this, we considered the flow of credit

from BNDE to Brazil's manufacturing sector in 1965-69,

as available in Bacha's study, and found no information

on the distribution of credits by region. Fortunately, a

recent study on the origins of regional inequality in Brazi

gives the distribution of BNDE credit by states and by

regions. Though this information is complete for the South,

for the Northeast, it is available only for Pernambuco and

Bahia. We then added the information for each of the states

(three) in the South and in the Northeast and, considered

the total regional percentage, a procedure posing no parti-

cu1ar problem. This is true because the difference between

the percentage of both Pernambuco and Bahia from that of the

Northeast is not large, and, Ceará is likely to be the most

important recipient of BNDE's credits after those two states.

38
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Once these steps were taken, the distribution by region and

year, of BNDE credit to the manufacturing sector was cal-

culated. Finally, the yearly flow of credit by region was

added. This total volume of credit by region in the 1965-69

period is shown in Table VI.

As indicated in Table VI, the volume of credit to the

South was eleven times greater than that of the Northeast.

This pattern of distribution is basically determined by the

FRE (Fundo de Repa re 1hamento Económico) credit distribution,

since for both' FIPEME (Fundo de Financiamento para a Pequena

e Media lndust r ia-Operacoes Diretas) and Repasses the share

is even larger. For FINAME (Agencia Especial de Financiamento

Industrial), the South's share is only seven times greater

than the Northeast's.

The large share of BNDE funds accruing to the South

does not mean that the proportion of BNDE's credit for 1970

capital stock is higher in the South than in the Northeasts

On the contrary, that proportion is similar for both regions,

5.5 and 1.b per cent for the South and Northeast, respectively.

This result allows us to draw two important conclusions:

First, subsidized credits from BNDE do not distort our mea-

sure of relative capital cost. Second, since BNDE is by

far the most important credit institution for Brazil's

manufacturing sector, the low observed proportions indicate

that outside financing is not an important source of funds
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TABLE VI

BNDE--DISTRIBUTION OF OPERATIONS BY SOURCES* (1965-69)

(CR $1.000,00--at 1970 prices)

Sources Northeast South

FRE

FINAME

FIPEME

REPASSES

TOTAL

265.071

97.021

8.226

5.í»20

375.739

2.951 .OI»3

765.A72

442.^19

lo^t.oSo

í».263.Olí»

Sources: E. Bacha and others, Análise Governamental, op.
cit., Table 1.3, P. 31

Efeitos Espaciais, op. cit.. Tables I(.10, 1».13,
4.1^», b.20, pp. 190-205.

(*) We have excluded other sources which are not directly
involved in financing capital formation. For the
excluded sources and their amount see E. Bacha, Análise
Governamental, op. cit., pp. 32-57.

1^
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for fixed investment. It is true that there are alternative

sources of subsidized capital in Brazil, a typical example

being the BNB (Bank of Northeast Brazil), the second most

important development bank ïn the country. Since its area

of influence is restricted to the Northeast, any influence

it can have is to increase the South's relative capital cost.,

In other words, our figures, as shown in Table IV, could be
"-.

underestimated, which may not be important. First, the pro-

portion of BNB credit in the total capital (BNB finances

both fixed and working capital) in SUDENE's survey, was

around 5.5 per cent for a11 the years considered, for both

total and modernization projects. Second, in the South,

there are also alternative sources of subsidized credit such

as the BRDE (Banco Regional de Desenvolvimento Económico) for

the states of Rio Grande do Sul, Santa Catarina, and Parana,

and the BDMG (Banco de Desenvolvimento de Minas Gerais).

Third, the B N B influence on Northeast's capital cost can

just offset that region's disadvantages in terms of, say,

transportation cost of equipment. In other words, since most

of Northeast's equipment and machinery are imported from the

South, transportation costs can make the same equipment cost

more for the Northeast than for the South. Obviously, all

these arguments are not enough to prove that other elements

not considered are irrelevant in terms of regional capital

cost. But they do indicate that the omission of these other
bo

elements may have no noticeable effect on our results.
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V.4 - Condusion

Our main objective was to measure capital cost to

obtain empirical measures of o and J. First, we investi-

gated the possibility of taking the gross rates of return

by region and sector as "proxies" of capital cost. Measure-

ment errors, market imperfections, and also the large across-

region differences'observed in those rates indicated that

these esti mates woutd be unreliable. An alternative measure

(proxy) equal to the ratio of $1.00's worth of capital to the

adjusted $1.00's worth in the Northeast was estimated. This

measure, however, was not free of limitations, and we dis-

cussed some of these. Finally, we examined the influence

of the structure of financing (internal vs. outside funds)

of fixed capital through interest rate charges as a measure

of relative capital cost. Our evidence shows that SUDENE's

fiscal incentives were the one most important reason for

lower capital cost in the Northeast compared to the South.

t .

'É
'.
í:

I
II'

~~\,//'



FOOTNOTES TO CHAPTER V
»K:

J. R. Moroney, op. ci t. , p. 56. Difficulty in
estimating rates of return was also stressed by Minhas. He
stated that, "It is hard to overstress the inevitable inac-
curacy of any estimates of return to capital. Since such
estimates call not only for technical competence, but also
good judgement, any claims to a large degree of objectivity
are bound to be p&dantic. "B. S. Minhas, An International
Comparison of Factor Costs and Factor Use (North-Hol1 and

-p. 55.

t,

Factor Costs and Factor
Co., Amsterdam, 1963), Ch. 5,Pub 1 i sh i ng

2On this question see T. Barna, "On Measuring Capital,"
/ in Theory of Capital, op. cit., pp. 75-76. See also Jorgen-

son and Gr i iTches , op. cit., pp. 254-257,
3.

among others.

See, for example, Jorgenson and Griliches, op. cit.,
25^-257.; Arrow et a1., op. ci t., p. 235; J. R. Moroney, o p.
c i t., pp. 56-60. ^ee al só F. Modig1iani and M. H. Mi11er,
"The Cost of Capital, Corporation Finance and the Theory of
Investment," American Economic Review, vol. i»8, n.
1958,

3 , June

pp

li,

261-^297.

Rates of return are defined to be equal to
of property income (output less the total wage bi
capital stock.

5,

the ratio
D to

c

discussion of this point, see
229; R. R. Nelson and others,

99-103, and Paul Samuelson, "The Surrogate Production
Function," in Review of Economic and Statistics, vol.

°p
'For a

_t__, p.

Arrow,
op . ci t.,

et. a1 . ,

n . 3. June

6.

1962, pp. 193-206.

pp

XXIX,

See, on this, Lester C. Thurow, "Desequi1 i br i urn and
the Marginal Productivity
Economics and Statistics,

of Capital and
vol . 50, n. 1 ,

Labor," Review of
February 1968,

pp 23-31.
7In this procedure, we are implicitly assuming the

South's actual level of capacity utilization as full capacity.

There are data on price indices for agricultural
products, more specifically, on price received by farmers at
the state level. This is also true for the cost of living,
but dataup to 1970 were pub1i shed only for the Southern
states. See, for example. Conjuntura Económica, vo1. 26,
February 1972, pp. 206-216.
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Though information at the branch level is still rea-
sonably aggregated, it is likely to minimize the product mix
differences between regions. This effect is more pronounced
when we consider the fact that only corresponding branches
are taken into account, i.e., non-common regional branches
a re exc1uded.

Un1i ke our study, hi s
region, i.e., a11 states !n
However, for the South, he d
and the remaining states in
problem, we have taken a we i
S. Paulo) and S. Paulo rates
given by S. Pau1ol's proporti
including S. Paulo) output.
Martone," Efeitos Alocativos
Fiscais," in O Imposto sobre
Fernanda Resende (IPEA, Rio

estimates refer to the whole
each region were included.
istinguished between S. Paulo
that region. To get around this ,
ghted average of South (excluding
of return. The weights were

on on the South's total (i.e.,
For original data, see Celso
da Concessão de Incentivos

Renda das Empresas ed.
de Janeiro, 1975), pp. 53-91».

pp.

nB. S.
89-91.

12,

Minhas, An International Comparison, op. cit.,

-M..H. Mi 11er and F. Modigliani, "Some Estimates of the
Cost of Capital to the Electric Utility Industry, 1954-57,"
American Economic Review, vol. 56, n. 3, June 1966, pp. 333-
39TT

Commercial banks not only do not finance fixed capital,
but their lending policies are set homogeneously throughout
the country. Investment banks, which concentrate on financ-
ing consumer durable goods and working capital, act similarly.
Though their lending rates for working capital can vary
between regions, this does not affect our capital cost,
since we are considering fixed capital only. It remains to
be said that interest charges from commercial and investment
banks are difficult to obtain. See, on this. Dona 1 d Syvrud,
"Estrutura e Politica de Juros no Brasil," Revista Brasileira
de Economia, vol. 26, n. 1, Jan./March 1972, pp. 117-139.

The BNDE (National Bank of Economic Development) at
the national level and the regional banks of development at
regional and state 1eve.ls are the main institutions financing
fixed capital formation in Brazil. See, on this, Edmar L.
Bacha and others. Ana 1 i se Gqvernamenta1 de Projetos de
Investimentos no Brasil: Procedimentos e Recomendações
( I PEA--Re1atorio de Pesquisa, n. 1, Rio de Janeiro,
pp. 23-89. Note that the BNDE has a unique lending

1971),
rate for

project for the whole country.
BNDE rates of interest, see, for example. Conjuntura

27, June 1973, pp. 90-103.

a given class of industrial
For the
Economi ca, vol .
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'As a matter of fact, it is not a11 clear that SUDENE's
funds are costless to the entrepreneur. Transaction costs are
incurred by the entrepreneur applying for those funds. For
some sources on the fiscal incentives mechanism and on the
cost of capital (zero cost), see footnote 1(, Ch. 1.

This measure is what matters for our purposes.

/

Realized investment refers here to those sets of
projects approved by SUDENE and already in operation in
December 1968. P 1anned investment refers to all projects
approved even if not yet realized. See Goodman and
Cavalcante, op. cit., Ch. 12, Table XIII.1, p. 3^)6.

This is possible since: first, inflation makes the
planned investment fall short of actual needs; second, though
the firms can reapply to SUDENE for more funds to offset
changes in price levels, the process for receiving the needed
additional capital is slow-moving. Thus, in between, entre-
preneurs have to increase their share of own capital for
maintaining their investment schedule.
l 9-.

These percentages were obtained by cons idering the
proportion of working capital to total capital, as shown by
SUDENE's survey. See, Resultados do Programa de Industriali-
zacão até 1968 (M inter-SUDENE, Recife, 1972), Statistical
Append i x , Table I.

20This procedure differs from the one used in sec. I V . Í».
This change, however, has no noticeable effect on the results
on the Northeast relative efficiency.

proportions are
See Goodman and

avaliable only for
Cavalcante, op. cit.,

2 1
Data on these

planned investment.
Ch. IX, Table IX.3.

22As in the previous treatment of depreciation charges,
the data on realized investment were adjusted to 1970
constant prices (see footnote 41 in Ch. IV).

2 Contrasting the Machinery and Food sectors, for example
makes this point more clear.

2k.The data on retained earnings and gross fixed invest-
ment are from D. L. Huddle, "Post-war Brazilian Industriali-
zation: Growth Patterns, Inflation and Sources of Stagnation,"
in Eric N. B1ak1anoff ed. The Shaping of Modern Brazil
(Louisiana State University Press, Baton Rouge. 1969),
p. 103.
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source was D. L. Huddle, Inflationary Financing,
Expansion and the Gains from Development in Brazil.

(Program of Development Stud i es--Ri ce University, 1975),
paper n. 60, Table 1, p. 5.

"iMd., pp.Ib 5-7.

27See, on this, W. L. Ness, "Financial Markets, Innova-
tion as Development Strategy: Initial Results from the
Brazilian Experience,'' Ec.pnom'\ c Development and Cultural
Change, vol. 22, n. 3, April 197ít, PP. A53-472.

For a discussion of government bonds in Brazil (ORTN)
and monetary correction, see D. E. Syvrud, Foundations of
Brazilian Economic Growth (Hoover I nst i tutionPress, Stan-
To^rd7T97í»),^h. V.

l

Kybal, Capital Markets in Latira Ame rj ca^,
Huddle, Inflationary Financing, op. cit.

See Baasch and
as mentioned in D. L.
p. 5.

'These are monthly data and refer to the capitals of
the states, only. Unlike the South, in the Northeast, the
data cover only Recife. A simple average of both regions
interest rates was computed. The maturity period of the bill
of exchange was one year. The data refer to 1972 since there
were no data for 1970 and 1971. See, Boletim do Banco
Central, vol. 8, August 1973, p. 2li.

E. Bacha concluded that the opportunity cost for the
manufacturing sector for both the Northeast and Brazil was
equal to 15 per cent. His conclusion was based on data on
gross rates of return. For Brazil, the data was based on
the 500 largest corporations (including government corpora- -
tions), and for the Northeast, they were based on SUDENE's
new projects. See E. L. Bacha and others, op. ci t . , Part II,
Ch. 1.

This assumption is not as arbitrary as it may appear.
First, a large proportion of Brazil's capital stock is con-
centrated in the South (see sec. IV.2.2). Second, the weight
of this region !n Brazil's manufacturing sector is high by
any indicator.

33

op c

See Resu1tados

t., Stat i st içai
do Programa de Industrialização,
Appendix, Table 1.
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3^»,Proportions on fixed capital financing were obtained
by excluding the proportion of short term financing on total
financing. For primary data, see Resultados do programa de
Industrialização, op.

data
c

the

t.. Statistical Appendix, Table III.
refer to the whole Northeast region.Note that

This assumption Is not unreasonable since modernization
projects are more representative of those plants that did not
receive fiscal incentives from SUDENE.

36For a brief
development banks,
pp. íd-70.

discussion of both regional and state
see E. L. Bacha and others, op. cit.,

>.

37

38

Ibid.

Efeitos Espaciais da Política Nacional de Desenvolvi-
mento lndustri a 1--unpubli shed monograph (Universidade
Federal de Pernambuco, Recife, 1978), pp. 175-212.

Repasses refers to BNDE funds (mainly from FIPEME)
allocated to other official credit institutions. For a
brief treatment of the so-called BNDE "system," see
Efeitos Espaciais, pp. cj^ t., pp. 175-205.

40,We have to note that we are referring in this section
only to the aggregate manufacturing sector. This clearly
limits us on the alternative sources of financing since as
indicated by D. L.Huddle, the distribution of credit within
the manufactur i ng sector for the 195ít-64 period was uneven.
However, his data refer to the whole of Brazil and no informa-
tion by region is available. See D. L. Huddle, Inf1 at ionary
Financing, op. cit., pp. 8-15.

<



ï .-

CHAPTER VI 'I>1

-^

t.

AN INTER-REGIONAL COMPARISON OF AVERAGE WAGES,

FACTOR PRICES AND FACTOR PROPORTIONS

VI.1 - Introduction

From a microeconomic point of view, factor propor-

tions under competitive conditions vary directly with

relative factor prices (wage/capi ta 1 cost). This follows

from the basic principle that an entrepreneur faced with

a set of factor prices and a set of "hypothetical"

technological choices (ideally represented by an isoquant

in the input space) achieves cost minimization by substi-

tuting a factor whose price has declined. If entrepre-

neurs in both regions are cost minimizers, across-regi on

dïfferencesandcapital/labor ratios will vary directly

with inter-regiona1 variation in relative factor prices.

In this chapter we ask whether actual data on factor pro-

portions and relative factor prices by region confirm the

cost minimization hypothesis. First, we present and

discuss the wage rate data and the inter-regiona1 variation

in factor prices and factor p roport.i ons . Second, we discuss

the apparent inconsistencies in some sectors and branches.

127
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VI.2 - Factor Prices and Factor Proportions

Empirical studies have indicated that average wages

tend to be lower in a less developed region than in a more
developed region (and country). This pattern is, in
general, confirmed by our data on wage rates for both
Northeast and South. As shown in Table I, on the average,

the wage rates ih the South are 55 per cent higher than
in the Northeast.' At the sectoral level, the only

2
exception to the average was the Chemical sector.

Variation (dispersion) around the mean was not signifi-
cantly different between regions. Table I (columns 1 and
2) also indicates that relatively high wage industries
in the South are also relatively high wage industries in
the Northeast. In fact, the standard deviations of the

Northeast relative wage was only .16. This figure is
reduced to .11 if the Northeast relative wage for the
Chemical sector is excluded.

At a lower level of aggregation (see Table ll),
the picture changes very little. In only one branch (21()
is the Northeast wage significantly higher than in the

South, and In only two (l73andi(99) are the Northeast and
South wage level approximately equal. For the remaining

branches, differences across regions in wage levels are
substantial (see Table II, column 3). If inter-industry
differences in relative wages are in general high, so are
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k'r.

.»&-.

ÍS^^sN
s



!ï'

^'

129

Ë

f&-'

co
<

o

u:
Q-

10
ec.
o
I-
u
<

<
-i
UJ
C£

o
z
<

<
t-
<
Q

UJ
u
<

o
o

•u>

Q;
L»

<u
>

TO

(U
a:

<u
>

c<

ë,-^
f0 • s—'

1-
o

tfl
0)

4-1 +-1 U ^~.
(C U — CM

(O l-'-'
(U
Q;

U- 0-

tf)

rs) • i-
Ï -u <ü
^. o -^

l- 1-

3Q-0
3

N
•s.

3

<u
4-1

(D
0£

(U
cn
(D

CM

Ul
L.

o
4-1

u
(U
w

r^iOOOCM r^^Or~~OOCNlsOI~~ (M
oooo(T><n cr>Lnr~~cT>cnoocn-i;-xo~>

•K -i; •

ooo\ocn u^~rc^lu^^ü^^^^cMoo
-r L[\ •— a\ r~.cOLn\íioü~i~r<r>-a-ir\
r^cpio^o oocou\LT\\o\oc~i-y-t^

r'-tMLTtr^ \DO<T\(T\tT\-trf\\OiT\Cf\
'—r-ooo r~^ooo->oor~>\or~.coo~r
\r> \o \o <^3 -r ro Ln-a--a-r>^ LTk Ln-r r-~

Ot—LTtO o->oo\o\or^~i-s£>'-otr»
r^LTiooo <7~ioo~ro-tr^-^--ro~>-Tr-<-
sn\or~-r^ -rf^tnu^trtvo-—-r-^-oo

r^icMsDCM ir\0(^lOOO~>OQ~rOCM—
vONCOsO CMf<~iOOCMf^OOr^~r\ÜCP>

•— CM CS< CM r^i.— —r^(M.— ritr^icM'—

r^ Ln r>j
0-3-0

Ut
o

CM
<>0

—ocM\orsif»~>r^-LTtr*~
00(MCMCSOO\£>—vO

—— CM CM m

(O

l-

0)
+-1 C
fD O

-o
1-

10
o
^3

-o
Ul </)

c —
L. —

o

>~ —
ai >~ ro

+-1 C
(D (U
v E

ID
4-1
<u

l- 1- Ul- D.
3 d) .- o —

C »- 0.3 l-4-l

(D
o

<ü -o
t- C
3 10

^.
(O
u

co —

-0 in 3 in
c— 0) U in
(D (D U u

1- U (U 4-1 —
z— — +-IUICTIU— i-iüyi— Ea)4-'

c
o

TO -C U C LU J3
+-> u <ü ro
(U (D ^ »-
3: Z LU t-

c(UJ3(UE»-Ein
E l- Q.JQ -O <U f0 in(0
3 3 (DD— -CJC O—
-1U-Q-Q:3:C-)Q-UQ-

^~

E"Sg



F

<u c:
> — .

<
•i-i 0) . rrt
(O C71 CO

(D .
(ü ? =>
a:

' I-
<ü
> L.

o
1/1
lu

+-> 4-1 U
<U U — Csl

(O 1-~—
(U
££

u- &.

^^

-o
(U
3
c:

c
o
u

UJ
—I
ca

<

> w
CM • t-

S -O (U
•*o o ->;

L- L-
30-0

CM

(U
+-1

(O
CC

0)
01
ro

CM
3:

t
i~

Ul
I-

o
4-1
u
<u
01

cn r<
r-~ r~^

co
r^

-a- r~- <n
CM co r^

00 (N\0 <D — 00-3-
r»-, o (T| i-pt (<-\ r^ \í>
r~- cr» LT\ r^ in in in

-T CnCNl rs) o CM O
— m — i^-.~r CM —
1^. LTtSX) r~~ ITt LT\ Lft

— o^ovD oco r^
ri~i-3- CT> LTt CM r^i-t-
r*-\o tn r-~ Ln LT> tn

•K
\00—rr>'-—'- (Ti
\Or^>»X)CSt*».—O CM

•— •— N c^ r^c^ CM

•{<
NinLAco.—r~»o co
csi co cn^o-r \c — -a-

I-

<D
(U
3
+J

o
o

U)
(U

-a
c
(D

O)
c

Ul

U)
cn o c —
(OU——
l- U +-1 <U

U)
3
o
0)
c

CT> (D —
ro
4-1
o

4-1 4-1
x o
(ü —
h- O

-o
o

U IO C U
> j3 — in

O (U O i-—
u- cai— a. z

ro
-Q
o

(ü
-o

o
HO

<ü
•o

o
m
u

3
JS

1-
4->
U)

a

(D

o
n
ü

in

o
Q.
E
o
u

o
• ^:

o '-
r^ <o
CTt -O

(O
L.

-I-
IA
3 <ü
in -o
c
(U O
o -o

10
u •

f0 t- >
(Ü

1- -S. .
4-1 t J=
in i u
=> tU
-o u »
C CQ >

u-
LU l (U
u o —
aã 2: -Q
— Z: (O
LJL. a t-

04 r<^

in
<u
u
1-
3
o
00

(U
>

+^ in
(O t-

o
(U 4-1
l- U

ID
4-1 4-
in
(U (U
(U >
JZ —
4-1 +J
t- 10
o —
z <u

O -C
4-1

O 3
o

+J </1
(D
\- 0)

x:
Q) 4->
-c
4-1 Q

4-1
in
f0 -—<

-o
-O <ü
O t-
O <ü
4-> -O
tfl —
i- in
<u c
-O O
c: u
3

U)
<u —
J3

<ü
o —
+-1 J3

(D
Ifl —

130

-c
10
>

I- 1-
t- O (U
3 i<- >
0<U<Ü

-C U 4-1
^^ c io
c <u j:
ro -c 3
E

-O t-
L. C O
a) ro ^^
Q.

<ü (U
<ü t- U
cn (U —
ro -c i-
S 0-

<u
<U > Ul
CD— t- •
TO +J 0 0)
l- 03 4-1 U
(U — U —
> <ü (D 1-
< a: x- o.

CM

in
t-
o
4->
u
(U
in

o

1-
0)
J3
E
3
c

c

0)
I-

0)
^.
3

c

c w

•K

CM
r^>

Q.

\D

<u

^2
<D

ID
4-1 •
(O 4-1
-o —l

u|
a>
c •

0.1
-a 0|
c
o -
Q. >-
in <U
<u c
l- O
l- l-
o o
U 2:

CSL

o

c-,
<u

'° <Ü
u u
L. L.

3(U
^o

in

-i; '-'
•i; r^i



l
131

TABLE I I

WAGE DATA AND RELATIVE FACTORS PRICE*

(CR $1.00)

l

^
Branches

Wage Rate

w1
w2

W1/W
2

W^/W^ Relative
Prod.

Workers
Factor
Pr i cês

8
I
fe

24
25
30
31
32
34
43
63
73
85
91
94

117
137
173
186

20b
205
209

233
234

279
320

3.668
l. 108
.412
.397
.292

1 .070
1.135
1 .685
1.579
1.678
1.378
1 .056
2.31*6
2.0b2

3.735
2.173
.954
.780
.91»8

.973
.92-4

1 .251

1.479

1 .622
.680
.313
.538
.615
.645
.ít64

2.400
2.372
2.41 1
2.085
1.863

3.075
3.089
3.871
3.36Í*
1 .077
1 .013
1 .57A
1.513
1.455
1.551
1.699

2.261
.660
.314
.258
.475
.651
.775
.702
.666
.696
.661
.567
.763
.661

.965

.646

.886

.770

.603

.643

.635

.806

.870

2.223
.689
.392
.291
.kQb
.610
.668
.60A
.753
.63A
.606
.578
.65Í<
.756

1 .099
.638

.873

.772

.614

.621

.617

.770

.769

2.260
.776
.369
.304
.558
.765
.912

1 .032
.979

1 .02k
.972
.833
.991
.859

1.359
1.133
1 .006
.875
.685
.649
.6í(1
.926

.946

Btí.'
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TABLE I I (continued)

132

Branches Wage Rate w

E^'

IF

j

II

382
405

414
416
417
ít26
427
A37
433
4í»0
4í<6
^53
461
464
472
í»71t
477
478
í»8í»

490
í»99

512

557

w
1 w

2

1 .306
1 . 134

.868

.65Í»

.881

.806

.755

.839

.731

.892

.703

.861
l .491
1 .081
.764
.888

l. 179
l .269
l .087

1.019
2. 199
2. }k7

1.655

.623

.584

.3^5

.3Í*8

.318

.240

.233

.563

.2bh

.580

.449

.580
.5 í» 2

1 .826
1 . 105
1 .522
2.0A3
2.2^5
1.925
1.146
2. 123

4.047

1 .988

1/w
2

W1/W2
Prod .

Workers

.QOb

.716

.6^45

.485

.668

.650

.612

.536

.588

.565

.í»85

.545

.967

.558

.691

.583

.577

.577

.565

.889
1 .036

.530

.833

Sources: See Tab1e l .

* See footnotes to Table 1.

789
63^*

588
338
66^
639
571

507
521
607
^71
593
806
551
729
568
635
656
573

7^7
927

^77
586

Re 1 at i v e
Factor
Prices

.856

.761

.896

.673

.928

.902

.850

.5^2

.593

.571

.lí30

.550

.976

.563

.698

.589

.583

.583

.571

.889
1 .036

.530

.858
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the differences for inter-branches of different industries.

This is not necessarily true, however, for inter-branch

differences within the same industry.

It is interesting to point out that, except for the

Non-Metallic sector, inter-branch variations in relative

wages are not significant. This is particularly true for ,.

the Meta 11urgy. Lumber, Clothing and Food sectors. Thus,

with in-branch stability in relative wages seems to

indicate that there is a tendency for wage levels to remain

fixed in th e'Northeast and the South. In otherwords,

inter-branch proportionality in wage rates across regions

seems to remain steady. A direct implication of this is

that differences in labor market conditions between

regions remain quite stable at the branch level. To a

lesser extent, this holds true when the absolute level of

wages at the sectoral level is compared to that of its

component branches. In other words, labor market condi-

tions at the sectoral level do not seem to depart from
li

those prevailing at a lower level of aggregation.

A second feature of the data in Table I and II is

the high across-region differences in Brazilian nominal

wage rates. Differences in nominal wage rates between

countries have been observed to be high, but across-

regions, the opposite is usually true."' Data on inter-

regional wages for the United States, for example, show
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(see column 6 of Table I) that, except for the Lumber

sector, nominal wage differentials are generally lower

than between the Northeast and the South in Brazil.

Still narrower differentials were found by Griliches

for manufacturing in Norway.

We wish to comment on the large differences found

in the average wage level in Brazil, since these reflect

differences in industrial structure and in competitive

conditions. Differences in average wages in Brazil can

be the result of regional skill mix, average labor produc-

tivity and institutional factors, all dealt with briefly

be low.

First, the minimum wage in 1970 was 20 per cent

lower in the Northeast than in the South. Though the

actual differences in wages in Brazil are larger, it is

likely that the across region differences in wage rates

would be smaller if the minimum wage were the same for

both regions. Second, as discussed in Chapter I (see

sec. 1, Table I), labor productivity is systematically

lower in the Northeast than in the South. For some

sectors like Transportation Equipment, Pharmaceuti ca 1 s

and Cosmetics, the Northeast's labor productivity was 62

per cent lower than the South's. However, as we compare

the relative wage and relative productivity data, we see

that the Northeast's relative wage !s not as low as the

Northeast's relative productivity" for any sector. This
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indicates that either the Northeast s average wage is set

above its average productivity, or that the opposite is

true for the South. In either case, labor productivity

explains little of the Northeast's low relative wage.

The skill-mix argument, based upon the average years of

schooling for the Northeast and the South, as estimated

by Sahota and Rocca, also seems irrelevant (see Table

III). The average years of schooling are, except for the

Plastics sector, systematically lower in the Northeast

than in the South. Moreover, the observed differences

in the years of Northeast relative schooling are lower

than the differences in the Northeast relative average

wage.

The highest difference in average years of schooling

was observed for the Paper and Textile sectors. While

for the Paper sector, wage differences are greater than
1 2

suggested by skill differences,'4' the opposite is true for

the Textiles. For the remaining sectors, average years

of schooling differences are lower than wage differences.

For some sectors like Plastics, Transportation Equipment

and Pharmaceuti ca 1 s, average years of schooling are much

lower. Thus, there is not a close positive association

between wage and skill differences, and, at a more aggre-

gated level for the manufacturing sector, the association

was not verified.
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TABLE I I I

AVERAGE YEARS OF SCHOOLING AND NORTHEAST RELATIVE
/

QUALITY-BASED INDEX /

!'l

(1971-1972)

\

Sectors

Average years of
schooling

NE
(a)

South
(b)

(a) Northeast
/ Relative
(b) Qual i ty-based

I ndex

^

i-

Non-Metallic 2.86 3.96 .722
Metallurgy 3.18 k.32 .736
Machinery 4.37 4.75 .920
Electrical Material k.37 4.75 .920
Transportation Equipment 3.71* ^.Ok .7i*2
Lumber 2.92 3.50 .83ít
Furniture 3.09 ít.03 .767
Paper and Cardboard 3.23 4.69 .639
Rubber 3.69 ^t.53 .81 ít
Hides and Skins 3.12 3.96 .788
Chemicals 5.67 5.77 .983
Pharmaceuticals 5.67 5.77 .983
Cosmetics 5.67 5.77 .983
Plastics k.BO 4.51 1.06í(
Textiles 2.81 í».04 .695
Clothing and Footwear 3.58 ^.28 .836
Food . 3.56 li.07 .875
Beverages 3.15 3.73 .8^(4
Tobacco 3.^3 í(.63 .75Í<
Printing 5.02 5.52 .909
Miscellaneous

.928

.922

.965

.965

.917

.957

.936

.900
1.172
.938
.992
.992
.992

1 .014
.908
.3kk
.966
.953
.918
.967

II

Source: 1) G. S. Sabota and C. A. Rocca, op. cit.. Table A1,
p. 106.

(-) Not available.
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Sahota and Rocca have also computed a "quality-

based" index for the labor force in the South and the
1 ^Northeast.' ' Drawing upon their results, we computed the

Northeast's relative "quality-based" index, and found that

the observed inter-reglona 1 variation for skill was even

narrower than before (see column 2<, Table III). For two

sectors. Rubber and Plastics, theindex was higher in the

Northeast than in the South. For the remaining sectors,

"the qua 11ty-based" index was only slightly lower in the

Northeast. -In fact, for most of the sectors, the North-

east's "qua 1 Íty-based" index was only 5 per cent lower than

the South's. Assuming that the ''qua 1 ity-based" index

is a better indicator of labor skill than the average

years of schooling, the inability of skill mix to explain

average wage differences in Brazil is evident.

Though years of schooling are often used as a proxy

for skill level, on the job training, i.e., years of exper-

ience, can be more important in determining the wage level.

Data on average monthly wage by length of time in the firm,

as computed by Macedo (see Table IV), indicate that both

the average wage and the inter-regional wage differential

increase as the length of time in the firm increases. If

we assume that on the job training is pôs i t ively associated

with the length of time spent by a worker in the firm, we

can say that informal education is a relevant factor in

t,

•^Ss^&s
^s

itíKifòï^àNNi
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explaining across-regi on differences in wage rates. How-

ever, more data and in-depth research on this topic would

be necessary to arrive at a more definite conclusion.

The weakness of the skill-mix hypothesis is even

more evident if we consider the data on average wage rate

for production workers only (see column k of Tables I and

11). We see that, for most sectors and branches, the

across-region differences are still larger than when

total employees' average wages are considered. Though

the differences between both sets of relative wages are

not large, they reinforce the basic fact that labor cost

in the Northeast is much lower than in the South.

If, from a macroeconomi c point of view, lower labor

costs in one region or country means this region has more

labor relative to demand than in another, from a micro-

economic point of view, this should indicate a more inten-

sive use of labor relative to capital in this region than

in the other. In fact, in Moroney's study,'' wage rate

differentials were related to cap i ta 1/1abor differentials

between regions. This is a proper approach only where

capital price differences across regions do not exist, or

are insignificant. As discussed in Chapter V, capital

prices do differ between the Northeast and South, and,

contrary to expectations, they have been generally lower

tn the Northeast.
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The extent to which lower capital prices in the

Northeast will more than offset that regions's initial

labor cost advantage will depend upon the difference

between wages and capital prices regionally. More

specifically, the Northeast factor price ratio (w/r)

will tend t o be lower than in the South unless capital

prices are so low in the Northeast as to more than offset
\^

its initial labor cost advantage.

For only three sectors--Chemica1s, Electrical

Material and P1astics--is the relative factor cost ratio

higher than unity. However, for only the last two did

lower capital prices in the Northeast more than offset

the lower labor cost. For the Chemical sector, labor

cost was higher in the Northeast than in the South. For

three others--Machinery, Metallurgy and C 1othing--the

Northeast's relative factor cost approaches unity while

low capital cost in the Northeast explains this for the

last two sectors; for the Machinery sector, low wage

differences also account for this. For the remaining

sectors the Northeast's relative factor cost is much

lower than unïty (30 per cent or more).

At the branch level, the picture changes little.

As shown in column 5 of Table II, the Northeast s

relative factor costs are greater than the South's for

only 7 of 46 branches, and in only three of these is

/
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relative factor cost significantly greater than unity

(branches 2h, 173 and 186). Higher relative wages in the

Northeast, on the other hand, explain why relative factor

costs are higher there in two branches (24 and I(99). For

the remaining branches (5), the Northeast's lower capital

price is the main reason for the higher relative cost.

Except for these seven branches, relative factor

costs are systematically lower in the Northeast. They

are lower for the Food, Non-Metallic and Furniture sec-

tors and higher for the Metallurgy, Machinery, Textile

and Clothing sectors. Again, low capital price is the

main explanatory variable, except for the Textile sector,

where the low wage differential is more important.

If relative factor p [rices are any guide to entrepre-

neurs' choice of technology, the Northeast's cap ita1/1abor

ratio should be, with but two exceptions at the sector

level and five exceptions at the branch level, consis-

•tently lower than the South's. This is, generally, true.

For 15 of 21 sectors (see Table V), the capita1/

labor ratios are lower in the Northeast than in the South.

Moreover, except for the Non-Metal1 i c, Paper, Clothing and

Miscellaneous sectors, the across-regi on differences in

capita 1/1abor ratios are substantial (equal to or more

than 34 per cent). For those four sectors, those differ-

ences, though smaller, are still substantial. On the other

hand, for six sectors--Furniture, Chemical, Cosmetics,
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TABLE V

CAPITAL/LABOR RATIOS AND NORTHEAST RELATIVE FACTOR

PROPORTIONS (CR $1.000,00)

-^

t,

Sectors Capital/Labor
Rat i os

NE
(a)

South
(b)

NE Relative
Factor Proportions

(a)/(b) (k^/k^)

Non-Metallic .720
Metallurgy .996
Machinery .k20
Electrical Material .820
Transportation Equipment 1.02(0
Lumber .596
Furniture .3b2
Paper and Cardboard l.l41(
Rubber 1.025
Hides and Skins 1.049
Chemicals k.22}
Pharmaceuti ca 1 s .975
Cosmet i cs 2.102
Plastics .992
Textiles 1.31t0
Clothing and Footwear .3i<0
Food 1.247
Beverages 1.123
Tobacco 1.216
Printing 1.263
Miscellaneous •í»76

.990
1.

1

595
.816
.242

2.360
1.016
.653

1.279
1.526
2.065
3.329
1 .5i<2
1 .b07
.732

1 .227
.378

1 .32^
2.465
2.383
1 .073
.61Í»

.727

.625

.515
.660
.441
.586

1 .288
.894
.672
.682

1 .268
.632

1.493
1 .356
1 .092
.876
.647
.456
.510

1.177
.775

.738

.589

.471

.5^6

.193

.532
1 .033
.816
.551
.539

1 . 154
.580

1.5Í»8
1 .290
.8i<8
.961
.559
.bOQ
.í<92

1 .067
.703

Sources: 1) Table IV in Ch. IV.
2) FIBGE-Censo Industrial, 1970.
3) Table VII I in Ch. IV.
*) Relative capital labor ratio adjusted for

capacity utlization level.
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Plastics, Textiles and Printing, the cap i tal/1abor ratio

is higher in the Northeast than in the South. This is

unexpected for only four sectors, since for the Chemical

and Plastic sectors, the Northeast's relative factor

cost was higher than unity. For these two sectors, the

Northeast's relative capital/1abor ratios are consis-

tent with relative prices.
-l^,

For the Furniture, Cosmetics, Textile and Printing

sectors, the entrepreneurs' actual factor combinations

appear paradoxical since relative factor prices indicate

that lower cap i tal/1abor ratios should prevail. This is

more puzzling if we consider again the sectors' respective

relative factorcosts, since, except for the Textile

sector, the Northeast's relative factor prices are approxi-

mately half ofthatoftheSouth. Thus, for these sect or s

the entrepreneur's choice of technology is clearly incon-

sistent. The same problem occurs in the Electrical^

Equipment sector, where, though the cap i tal/1abor ratio

is lower than in the South, relative factor cost is not

and", more puzzling yet, there is a substantial capital

subsidy.

Data in Table VI Csee column 3) indicate that for

twelve branches, the cap i ta 1/1abor ratio is higher in the

Northeast than in the South. In only two branches are

relative factor prices higher in the Northeast. Thus,

Ê
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TABLE VI

CAPITAL/LABOR RATIOS AND NORTHEAST RELATIVE

FACTOR PROPORTIONS

(CR $1.00)

.'^.

K

^

1;..

•»

/-'

Branches lCap i ta 1/Labor Ratio
NE South
(a) (b)

NE Relative Factor
Proport i ons

(a)/(b) (k1/k2)u

E

li

2k
25
30
31
32
3'i
^3
63
73
85
91
9^

117
137
173
186

20^
205
209

233
234

279

320

(

3.A10
.572
.310
•30A
.162
.703
.528

1 .2ít6
1.396
.883

1.293
.832

.379

.381

.887

1 .512

.663
•í»95
.527
.852
.735
.840

1 .710

.758

.796

.2t67
1.175
.219
.727
.656

2.293
1 .527
1 . 128
1 .1^2
.966

.822

.505

•í*77
2.481

.886

.550
1 .601

.í»91

.^55

.547
2.^*97

h.k33
.718
.66í»
.259
•7ít0
.967
.305

.5^3

.3 li»

.783
1.137
.836

.kGO

.75^
1.858

.609

.7Í<9

.900

.329

1.737
1.613

1 .535
.685

It.598
.735
.679
.26Í(
.756
.989
.823

.512

.862

.738
1 .072
.788

.í»21

.690

1.537
.270

.679

.816

.299

1.393
1 .294

1 .261

.623
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TABLE VI (continued)

ranches Cap i ta 1/Labor Ratio
NE
(a)

South
(b)

NE Relat i vê Factor
P report i ons

(a)/(b) (k1/k2)u

382

^05

í» I ^
416
2<17
í(26
hn

^37
b3Q
4^0
446
453
461
í»64
^72
471»
477
í.78
í»8í»

b30

i»99

512

577

...980

.886

.367

.152

.361

.272

.191
1 .532
.598

2.520
.50A

2.684
l .030
.736

1.396
1.696
2.290
3.582
1.63Í»

.679
1.199
ï.h6ï
.576

1 . 158

1 . 102

.^05

.í»50

.^05

.331

.317
2.^50
1 .832
2.967
.657
.b80

2.712
.811
.141
.277

2.916
3.275
3.110
1.767

1.939
}.k5^

.570

.8í»6

.Sob

.906

.339

.892

.82í(

.602

.625

.326

.849

.30í(
1.8]i(
.380
.í»06

1 .223
1 .328
.785

1.09Í»
.525
.38ít

.618

1 .005

1.011

.658

.626

.993

.371

.988

.903

.660

.539

.282

.732

.262
1.565
.328
.350

1.055
1 .1^5
.677
.943
.^53
.3í(lt

.554
.912

.917

Sources: See Table V.
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for ten branches, cap!ta1/1abor ratios are higher in the

Northeast though factor costs are not. The opposite

happens for five branches for which capita1/1abor ratios

in the Northeast are lower than in the South though

factor costs are not. In other words, in 15 branches out

of 46, relative factor proportions are not consistent

with relative price ratios. The apparent paradoxes occur

more frequently in the Food, Metallurgy, and Furniture

sectors (with four, three, and two apparent paradoxes,
•]respectively). On the other hand, except for the

Furniture sector, there was no paradox at the branch and

sector levels. The opposite, i.e., the occurrence of

paradoxical observations at the branch level, and not at

the sectoral level, such as in the Food and Meta 1lurgy

sectors, was more frequent. The occurrence of paradoxical

observations at both 1eve1sof aggregation indicated that

the number of both sectors and branches to be covered

had to be reduced. The ones dropped will be discussed

ïn the next section.

VI.3 - Paradoxical Sectors and Branches

As noted, cap i ta 1/1abor ratios were higher for some

sectors in the Northeast than in the South in spite of

lower relative factor costs. Moreover, relative factor

cost was higher for some Northeast sectors while the

•i
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capita 1/1abor ratio was lower. In both s ituations, factor

combinations, are inconsistent with the cost minimization

hypothesis. In this section, we attempt to explain th!s

phenomenon.

Consider first those paradoxes where relative factor

cost was higher in the Northeast than in the South, while

the capita 1/1abor ratios were lower. It is our judgement

that most of the paradoxes are more apparent than real.

Measurement errors in the cost of capital can be one

main explanation, since labor cost was much lower in the

Northeast than in the South. First, each sector's capital

cost was assumed to prevail for its component branches.

SUDENE's fiscal incentives, however, are not necessarily

equal for each project within a given sector, nor is each

plant necessarily a recipient of SUDENE's funds. In

other words, capital cost at the sectoral level may differ

from the capital cost for some of its component branches.

Second, except for the branch Motor Vehicles and Parts

(18&5 in the Transportation Equipment sector, and for the

Electrical Materials sector, the Northeast's relative

20
factor cost ïn only s1 i ght ly*'" h i gher than unity. These

observatFons are consistent with the proposition that

measurement errors could be the main source of the appar-

ent paradox.

\
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Consider now those sectors and branches where the

Northeast cap i ta 1/ïabor ratios were higher than in the

South, but where that region's relative factor costs were
2 }lower. Unlike the earlier case,^' measurement errors in

the capital and labor variables are less likely to

explain these paradoxes. First, measurement errors, if

present, are common to both regions since the sources of

data and the procedure for estimating both capital stock

and labor were common to both. To the extent that the

direction of the bias is the same in both regions, they

could offset each other. Thus, cap i tal/1abor ratios would

be less plagued by measurement errors than capital prices.

Second, this is also true for labor input. Thus, we can

say that even if some bias is present in our estimated

capita 1/1abor ratios. It is certainly less significant

than that found in the measure of capital price.

Granted this, higher cap i ta 1/Iabor ratios in the

Northeast, when not matched by higher relative factor

costs, indicate that factor comb inations are inconsistent.

For consistency, cap i tal/1abor ratios in the Northeast

must be higher (lower) whenever factor costs are higher
(lower) than in the South. Graphically (see Diagram I),

the Northeast's actual factor combination is at point C

instead of A where Northeast relative factor cost ratio

Is tangent to that region's isoquant (NN).

22
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Across-regI on differences in capacity utilization

could explain this. To the extent that an increase

(decrease) in the level of capacity utilization implies

a proportional increase (decrease) in the level of employ-

ment, capita 1/1abor ratios will increase (decrease) when-

ever adjustment in capital stock for capacity utilization

is made. Obviously, if regional levels of capacity

utilization differ, the relative cap'i ta 1/1 abor ratio will

be changed accordingly. As shown in Ch. IV, section IV,
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except for the Non-Metallic and Clothing sectors, capacity

utilization levels have been systematically lower in the

Northeast. Thus, Northeast capita1/1abor ratios will
/

decrease for most of the sectors when adjustment for

capac i ty is made.

Data in Tables V and VI, column ^, indicate that the

adjustment for capacity utilization (though Northeast
'-.

relative capita 1/1abar ratios did decrease for most sec-

tors and branches) was not sufficient to eliminate a11

inconsistencies. In fact, in only one sector. Textiles,

and three branches, did adjustment for capacity utitiza-

tion imply a "flipping over" of the relative capita1/

labor ratio. Moreover, though paradoxes remain for other

sectors and branches, for some they were substantially

reduced. The two paradoxes for the Furniture sector and

the branch Bakery products (472) in the Food sector are

more apparent than real since, after adjustment, North-

east capti a 1/1abor ratios were only slightly higher than

the South's ratios. We are now left with two i neons i s- t

tendes at the sector level--Pr i nt i ng and Cosmetics--
2

and six at the branch levei."'' These inconsistencies can

be explained (or rationalized) by one or more of the fo11ow-

ing: first, they could happen if both regions' production

functions are not equal. Assume that the Northeast's

isoquant Ís given by N'N'. If this is the case, there

\
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would be no inconsistent factor combination pattern. The

assumption of different production functions, implicitly

assumed in N'N" isoquant, would be most damaging to our

study since the distribution parameter and/or elasticity

of substitution would vary between regions. Thus, the

estimation of the efficiency parameter would be wrong.
2b

More important, as indicated by R. Robinson,"' if produc-

tion functions were to differ, much of the analytical

power of our theoretical framework would be lost, since

any discrepa'ncy in regional labor productivity could be

inputed to "different production functions.

A second rationale for the apparent inconsistency

could be non-cost minimization behavior. Though produc-

tion functions are actually equal, say SS and NN in

Diagram I, "irrational" entrepreneurs in the Northeast

could disregard factor price signals. In this case, the

actual Northeast factor combination would be depicted by

point D instead of C on Diagram I. A capital subsidy for

the Northeast makes this explanation more plausible. How-

ever, except for the branch, Tin Products (91) in the

Metallurgy sector, the South's relative capital cost was

approximately equal to unïty."" Thus, if irrationality"

is the explanation, SUDENE's incentives are not to be

blamed.

Third, the industrialization drive in each region

could also be an explanation, Strong industrialization
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incentives, gaining even greater strength after 1965,

existed in the South since World War II. In the North-

east, however, the industrialization drive began only

in 1962, with greater thrust after 1967. The average

age of capital stock wi11, therefore, probably differ

between the regions. Moreover, since industrial invest-

ment is not evenly distributed among industrial sectors,

the relative "youth" of these in the Northeast could be

even more pronounced. Thus, it is possible that the higher

capita1/1abor ratio in the Northeast can be explained by

one or any combination of the following: a) inflation

in the price of capital goods so that a given machine was

more expensive in the Northeast than in the South at the

time of purchase; b) limited factor substitutability

coupled with a higher wage-rent ratio in the Northeast

at the time of plant construction during earlier periods

of major investment; c) cap!ta1-us ing technological

progress, gíving rise to a higher optimum capital inten-

sïty, ceter i s-par i bus .''•'

To test the relevance of the age structure argument,

we computed the ratios of the 1959 capital stock and of the

realized investment in the 1967-69 period''" to the 1970

capital stock. These two ratios do not convey the same

information: the higher the first ratio, the older will

be the average structure of capital stock, and the opposite

/
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is true for the second ratio.''" Thus, a one-way view of

average age structure, as data in Table VII indicate, can

be misleading. Consider the Metallurgy sector, where,

at one point, the table indicates that the average age

structure of capital stock in both regions was about the

same, then, at a second point, that the Northeast's ,

average structure is lower than the South's. The same is

true for the Pharmaceuti ca 1 s and Miscellaneous sectors.

If we had considered the second ratio only, we would have

concluded that capital stock is "older" in the Northeast

than in the South for the Printing and Furniture sectors

and about the same age for the Chemical sector. Obviously,

the opposite is true. These facts indicate that use of

both ratios either as complementary or as alternative

sources of information on average age structure is more

relevant than if either one of these ratios were consider-

ed a 1 one.

Combining both facts, we conclude that, except for

the Rubber, Hides and Skins, Cosmetics, Textiles and

Tobacco sectors, capital stock is "younger'" in the North-

east than in the South. For the Food sector, equality

seems to prevail. Thus, while the youth vs. maturity

argument Is no justification for the paradox in the

Cosmetics sector, it can be useful in explaining the

32
paradox for the Furniture and Printing sectors where
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TABLE VI I

AGE COMPOSITION OF CAPITAL STOCK

w

15í<

.'

l»

Sectors
a

Northeast
-b-

South
b

/•-'

ÍF;'

ï

r-

í

I11,

Non-Metal1ic • 29
Metallurgy 24
Machi nery 15
Electrical Material 3
Transportai i on

Equipment 12
Lumber b5
Furniture 20
Paper and Cardboard 57
Rubber 41
Hides and Skins 72
Chemicals 20
Pharmaceuti ca 1 s 32
Cosmetics 48
Plastics 2
Text i1 es 51
Clothing and Footwear b2
Food 46
Beverages 33
Tobacco I( t
Printing • 23
Miscellaneous iti+

53
38
^<7
49

27
37
11
21
19
9

18
31
17
62
11
3^»
14
21
16
7

20

in
27
37
31

33
^5
38
k}
38
í(7
41
37
38
22
blí
42
^9
^
37
lt2
37

18
17
35
21

20
12
9

15
31
9

18
1Í»
24
29
11
13
12
10
1Í»
16
14

Sources: 1) F lBGE-DEl COM, Produção Industrial, 1967-69
2) CH. IV, Tables I I I-IV
a) Ratio of the 1959 to 1970 capital stock
b) Ratio of 1967, 1968, 1969 investment to 1970

cap i ta 1 stock.
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the ratio of the 1959 to the 1970 capital stock is much

lower in the Northeast. Moreover, the capita1/labor

ratios for both sectors are not substantially higher in

the Northeast; in fact, only 3 and 7 per cent higher for

the Furniture and Printing sectors, respectively.

At the branch level, the maturity argument could be

more useful if we had more disaggregated data on capital

stock. Assuming that what is true for each industrial

sector is true for its component branches, let us compare

the paradoxes at the branch level with the data on the

age structure of capital stock. For only one branch. Tin

Products (91) in the Metallurgy sector, is it possible

that "age structure" can partially explain the observed

inconsistency. First, capital stock i s "younger" in the

Northeast than in the South for the Metallurgy sector.

Second, the Northeast's relative cap i tal/1abor ratio for

that branch (91) is not much higher than unity. This

?s not true for the other branches either because thecapital

stock was not "younger17 in the Northeast than j n the

South (Rubber and Food Sectors) and/or the Northeast

relative capita l/1abor ratios were substantially greater

than unity (equal to or greater than 30 per cent--see

Table VI). In summary, the age structure of capital

stock can be a valid explanation of the observed paradoxes

at both sector and branch level when: one, the capital

:^
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stock in the Northeast is younger than in the South; two,

the Northeast cap i tal/1abor ratios are not substantially

greater than unity. It should be noted, however,

that though the "age structure" argument can explain some
4

of the paradoxes, it cannot reverse them.•/I The same is

true for those paradoxes we have considered more apparent

than real because of possible measurement errors in

capital stock.
\

V I.4 - Conclus ion

Both the Northeast's relative factor cost and the

relative capita 1/1abor ratios were estimated and discussed

in this chapter. First, since those differences were

large, we discussed the across-regi on differences in wage

rates. Also, we discussed briefly to what extent minimum

wage, average labor productivity and skill mix could ex-

plain the large wage differences in Brazil. We indicated

that, except for the minimum wage, which varies between

regions, labor productivity and skill mix did not explain

much of the observed wage differences. Moreover, the

large differences in wage rates in Brazil increased when

only the average wage of producti on workers was considered.

This reinforces the basic observation that labor cost is

much lower in the Northeast than in the South. Lower

labor cost in the Northeast, other factors being equal,

~\
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implies the use of more labor-intensive technology in the

Northeast than in the South.

For some sectors, however, capital cost was also

lower in the Northeast, making it dear that the North-

east's factor cost was not necessarily lower than the

South's. On the other hand, estimation of the capital/

labor ratios has indicated that this was not always the
^

case since, for a few sectors and branches, the capita1/

labor ratio in the Northeast was higher than in the

South. Comparing Northeast relative factor costs and rela-

tive capita 1/1abar ratios, inconsistencies termed paradoxes

turned up. I.e., factor combination was not consistent with

factor costs. We argued that some of the paradoxes were

more apparent than real. Apparent or real, the inconsis-

tent observations have been deleted since they do not fit

our analytical framework.
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APPENDIX TO CHAPTER VI

As Table I shows, the Chemical sector wage pattern
in the Northeast is unique. If, on the one hand, in this

sector, the total employees' average wage is higher for
the Northeast, on the other, it is lower when production
workers are considered. Moreover, the discrepancy between
the two is substantial (total employees' relative wage is
50 per cent higher than the production workers' relative
wage). In this appendix, we will explain this.

Our initial hypothesis is that the observed wage

pattern for the Chemi ca 1 sector in the Northeast can be
explained by the share of non-producti on workers in the
state of Bahia on the total wage bill. In other words, if
Bahia Ís excluded, the Northeast's wage rate will be
lower than the South's, in both labor classifications.
Furthermore, the discrepancy between the two in the North-
east's relative wage will be sharply reduced.

Data on the average wage per man hour in Table VIII
confirm our hypothesis. First, the tota'1 employees
average wage for Bahia is approximately four times greater
than the corresponding wage for Pernambuco and Ceará.
This is not true when production workers' average wage is
considered. Second, the Northeasts total employees'
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average wage is more than two times greater than that

region's average, when Bahia is excluded. Again, for

production workers, the discrepancy is much smaller (less

than 10 per cent). Thus, the upward bias in Northeast's

total employees' average wage is explained by Bahia's

non-production workers' average wage. In columns 3 and I(

of Table VIII, we can see that the proportion of non-
•'>,

production workers to total employees is not much differ-

ent among the three states. Looking at this proportion

in terms of wage bills, a different picture emerges.

That proportion is only 20 per cent in Bahia, while in

Ceará and Pernambuco, it is 62 and 68 per cent, respec-

tively. It is obvious that the discrepancy between produc-

tion workers and the wage bill in Bahia is significant:

50 per cent. This poses a new question: namely, why is

the non-producti on workers' bill in Bahia so high? An

hypothesis can be 'raised pertaining to the weight of

state enterprises (e.g., oil industries) and multinational

corporations in Bahia for the Chemical sector. Those

enterprises are not absent in the South, but their weight

in Bahia's Chemical sector is likely to be greater.

Obviously, to be able to reach a more definitive condu-'

sion. more detailed information on that sector's labor

force and wage bill would be necessary. However, the

wage rate for the branch Crude Oil and Vegetable Oil

I ,
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(n. 320) shown in Table II, supports our hypothesis. For
this branch, the wage rate is lower in the Northeast in
both labor classifications. Moreover, the discrepancy

between both in the Northeast's relative wage is small.
/
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FOOTNOTES TO CHAPTER VI

11
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I

"Average" means the simple arithmetic mean of all
sectors combined.

2
The Northeast's Chemical sector wage rate is dis-

cussed in the Appendix to this chapter.

The standard deviations of wage rates were .638 and
.653 for the Northeast and South, respectively.

b.
An exception to this, however, can be found in the

Non-Metallic sector. The sharp discrepancy observed in
the Electrical Material and Transportation Equipment,
mainly in the Northeast, does not contradict our conclu-
sion, since only one observation at the branch level is
available for each of those sectors.

example, the results on Colombia's relative
= 100) in R. R. Nelson and others,
See also Arrow, et al., pj). cit.,pp. 248-250.

5See. for
wage rate (D. S.
op. ci t. , p . 85 .

Moroney's data on wage rates refer to the South,
New England, and the rest of the U. S. The relative wage
of the South is considered here. See J. R. Moroney, op.
cit., p. 132.

On the average, the geometric averages of wage
rate per hour (in Kroner) were 7-^^, 6.63 and 6.í»9 for the
Oslo region. Region I and Region II, respectively. See A.
Grilïches and V. Ringstaad, op. cit., p. ít6.

Data on Colombia's relative wage and relative labor
productivity (U. S.- = 100) show the opposite. Colombian
re1at i vê wages are, in general, lower than the relative
productivity. See R. R. Nelson and others, op. cit.,
85..p

9
'A previous study by P. Baltar on wage and productivity

in Brazil's manufacturing sector did come to the same con-
elusion. See Paulo E. A. Ba 1 tar, Salárjp e Produt i v i dade

dena Estrutura Industrial 1970, paper
National meeting of Brazilian Economic
(Rio de Janeiro, 1978), pp. 1-71.
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10,We will assume that the average years of schooling

is a "proxy" for labor skill. It is worth mentioning
at this point that in empirical studies, either on labor
productivity or human capital, years of schooling (formal
education) are usually taken as a "proxy" for labor skill.
See, for example, R. R. Nelson, op. ci t., pp. 163-168.
Moreover. J. J. Sena hás concluded that Brazil s
manufacturing sector, years of schooling were a relevant
variable in explaining inter-industry variation in wage
rates. SeeJ. J. Sena, "Analise dos diferenciais de
Salários entre os Diversos Ramos da Industria Brasileira,"
Estudos APEC--A Economia Brasileira e suas Perspectivas
(Rio de Janeiro, 1976) as mentioned in Paulo V. da Cunha
and R. Bonelli. '-"Estrutura de Sá 1 ar i os Industriais no
Brasil," paper presented at the V National meeting of
Brazilian Economic Association--ANPEC, vol. 2 (Rio de
Janeiro, 1978), pp. 13-14.

The data on mean years of schooling are taken from
G. Sahota and C. Rpcca. Unfortunately, it is not dear
what classification of labor was used. There is no indica-
tion whether it was production workers or total employees.
See Gian S. Sahota and Carlos A. Rocca, Investment and
Growth (mimeographed) Fundação
Económicas FtPE (Universidade
1976), p. 125.

12,

Instituto de Pesquisas
dê São Paulo, São Paulo,

differ-
States

on the simple ground that the observed differences in
wage rates were ''. . . larger than most authorities would
be willing to attribute to interregional labor quality
differences." J. R. Moroney, op.c.'^., p. 131- As we
have shown, wage differences in Brazil are higher than
those in the United States.

Considering each sector as an independent unit of
observation, we regressed the wage rate differences on
the skill differences. The result was

Moroney rejected the hypothesis of ski 11
ences explaining wage differences for the United

(w^/w^) .706 + .207 X
(. 108)

R
2 . 11

(?.
ï

r

I.

where X is the Northeast relative average years of school-
ing. As the result indicates, though the slope coeffi-
cient is significant, the fit is rather poor. Here and
henceforth, we consider a slope coefficient as significant
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if it is ". . . more than two times the standard devia-
tion, . . ." as previously done by Z. Griliches and
V. Ringstaad, op. ci t., p. ^7-

11».
The "qua 1 ity-based index was estimated through

the re 1 at ion

1

where v

I + v,P, , h
í' h , i "i

wi
t<

i rate ^of return on schooling; P^. = cost
schooli ngof

See
and

of

wi
Sahota and Rocca,

year of'school ing; ti; = mean years
wage rate for the education level.
op. cit., p. 106.

Regression of wage differentials on the Northeast
relative "qua 1 ity-based" index was not good. The fit was
poor, and the coefficient was not significantly different
from zero.

16

sector,
Models

Macedo's data refer to the total manufacturing
and to total employees. See Roberta B. M. Macedo,

of the Demand for Labor and the Problem of Labor
Absorption in the Brazilian Manufacturing Sector, Ph.D.
dissertation (Harvard University, 197i»), PP. litl-152.

17

18,
J. R. Moroney, op. ci t. , pp. 130-136.

We will use relative factor cost to mean the
Northeast's relative factor prices divided by their
corresponding term in the South.

]
The other sectors, each with just one paradoxical

observation, are: Transportation Equipment, Lumber,
Rubber, Beverages, Printing, and Miscellaneous.

20

ence

In
equa 1

21

this Chapter by "slightly," we mean
to or lower than 5 per cent.

a differ-

The cases where the No r t heast's relative factor
costs were higher than unit.

22
In the preceding case of higher relative factor

costs in the Northeast, we have noted that capital prices
in that region were lower than or at most equal to, the
South. Had we assumed that higher capital price in the
Northeast was the case, no paradox would have existed
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because of relative factor cost. This would not be true,
however, for the cap i tal/1abor ratio, I.e., "induced"
paradoxes.

2
'The branches Tin products in the Metallurgy sec-

tor (n. 91), Wicker and Reed Furniture and Wood, Wicker
and Reed Furniture for home use (ns. 233 and 23b, respec-
tively) in the Furniture sector, Pneumatic Tire Recondi-
tioning (n. 279) in the Rubber sector. Meat Processing and
Biscuits and Crackers (ns. 453 and !t7it, respectively) in
the Food sector.

/

22»

t i vê
vol .
that
then

Rommey Robinson, "Factor Proportions and Compara-
*^

Advantage. 'Part I," Quarterly Journal of Economics,
70, n. 2, May 1956, pp. 181-197. Robinson has stated
"If d ifferent product i on functions are admitted,
the theory confronted with evidence of trade contrary

factor supplies could always take
different production function."

to that indicated by
refuge in the plea:
JJ)id^. , p. 173.

25
At this point, it is worth mentioning that we are

implicitly assuming that the South's entrepreneur is
"rational." Two reasons can be given for this: first,
there is no strong capital incentive in this region as
in the Northeast; second, there is no paradox in the South.

26
For the Tin branch (n. 91) the South's relative

cost was equal to 1.2(7. For the remaining inconsistencies
at branch level (see footnote n. 22 for the specific
branches), that cost was equal to 1.010. For the incon-
sistencies at sector level (Cosmetics and Printing sectors),
the South's relative capital cost was equal to 1.00.
Capital cost is discussed in Ch. V, see. V.3.1.

271
lan

28,

For Brazil's industrialization process, see Joel
Bergsman, op. cit., pp. 239-280.

See, for example, Goodman and Cavalcante, op. cit.,
Ch. IX-Xlt.

29_.
These points were raised before by Moroney, op.

cit., pp. 132-136. It is also interesting to note that
the maturity argument is similar in many respects to the
Best vs. Average practice argument as developed by
W. E. G. Salter, Productivity and Technical Change
(Cambridge University Press, Cambridge, 1969), Ch. IV.
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30-The choice of these three years is partially
based upon the fact that actual investment in the North-
east through SUDENE's incentives was more significant in
this period. On this, see Goodman and Cavalcante, op. ci t.,
Ch. IX.

31
We implicitly assume that the distribution of the

gross investment as a proportion of capital stock is
uniform (or approximately so) in both regions.

2
Though, as we have noted, there were no inconsis-

tencies for the Chemical and Plastics sectors, no explana-
tion was given for the observed higher cap ita1/1abor
ratios in the Northeast for those t wo sectors. Now. with
data on age composition, we can argue that differences in
age structure can be an exp1anati on. This is particularly
true for the Plastic sector.

33

3k
Only seven per cent higher.

This f o 11ows from the
II

fact that we have no quan-
titative method based on "age structure" for adjusting
the observed capita 1/1abar ratios.
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CHAPTER VI I

THE ELASTICITY OF SUBSTITUTION AND THE

NORTHEAST'S RELATIVE EFFICIENCY
l.

VI1.I - The Purpose of the Chapter

Chapter I showed that labor productivity in the North-

east was systejnat i ca 1 1 y lower than in the South; in fact,

for some sectors (Rubber and Perfumes), the South's produc-

tivity level was three times higher. Though many factors

explain such differentials, our focus was on the inter-

regional cap ita1/1abor ratio differentials for each sector.

We asked what would happen to Northeast's relative labor

productivity if its sectoral capital/1abor ratio were

raised to the South's level. We have called this new

hypothetical productivity the Northeast's relative efficiency.

If inter-country or inter-regiona1 productivity differ-

entials "reflect" (sic) di.fferences in the capita1/1abor

ratio, most, if not a11, of the observed productivity differ-

ential shou1 d d isappear as capita 1/1abor ratios are equalized,

as indicated by R. Nelson.' Different studies have shown

that, more often than not, inter-country differences in

cap i ta 1/1abor ratios have systematically failed to explain

international differences in labor productivity. The purpose

167

s

\

AS



1^

168

of this chapter is to show whether or not our results support

this conclusion. First, we will deal with elasticity of sub-

stitution (o) estimates at two levels of aggregation. Second,

the efficiency parameter (J) and the Northeast's relative

efficiency will be estimated and analyzed.

Vil.2 - The Elasticity of Substitution (o): Some

Preliminary Remarks and Empirical Results

The ease (or difficulty) with which capital can be

substituted for labor as relative prices change is given by

the magnitude of the elasticity of substitution. The

greater (smaller) this elasticity, the greater (smaller) the

possibility of factor substitution will be. In the limit,

factor substitution is not at all possible if o =0 and

unlimited if o = °°. Empirically, however, different

studies indicate that a value of ü around unity is more

1ikely.

Unfortunately, estimates of o vary significantly in

different studies, and this is also true even when the same

country, the same time and same production function specifi-

2
cations are considered. Obviously, the particular model

used and measurement errors in the variables have a lot to

do with this, and it is far from settled in the literature

what the appropriate magnitude of the elasticity of subsfitu-

t i on is.

~\
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For some authors, Eisner among them, the actual

l,
possibility of substituting capital for labor is narrow.

He considers that ". . . the elasticity of substitution

between capital and labor is both very low (nearer to zero

than to one) and variable, getting lower as the capita1/

labor ratio is pushed to the point when the marginal net

product of capital would become zero or negative." Others,

like Griliches, suggest that o estimates do not depart

significantly from unity." In fact, an estimate of o about

unity is generally the case for cross-section studies and,

in time series studies, it is less than unity.

Eisner's comments raise another important question

concerning the elasticity of substitution, namely, its

variability along a given isoquant. Most empirical studies,

however, relied upon the C. E. S., or the Cobb-Doug1 as,

specification of production function for estimating o and

in both specif i cat ions o is assumed to be constant. Lately

this restrictive aspect of C. E. S. (a more general produc-

tion function specification of which the Cobb-Douglas and

Leontief type production functions are particular cases) has

come under attack, and less restrictive approaches such as

the V. E. S. and Trans-log production functions are gaining

ground. Data problems, however, pose serious limitations

on the use of a more general production function specifica-

tion, and it is not surprising that the simple Cobb-Doug1 as,

/•
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and/or the sti11-simpler productivity wage relationship,

abound in the literature.'' Moreover, whatever the

generality of a given production function specification, bold

assumptions about output and factor markets have to be made.

On the other hand, as indicated by Christensen and others,

the C. E. S. approach is a suitable approximation to the

actual production function whenever only one output and two
^.

inputs are taken into consideration. For more than one out-

put and more than two inputs, the C. E. S. becomes overly

restrictive and an alternative, such as the Trans-log produc-

tion function, should replace it. However, as Griliches and

Ringstaad point out, more generality in the production func-

tion specification also usually means greater constraints

on the variables going into the model, thus making it less

useful.

However, matters are not settled by specifying a C. E. S.

production function, since the estimation procedure is not

unique. First there is the•s t ra ightforward method of

regressing labor productivity on wage data. This method is

most appealing because it does not require information on

capital and price of capital clata, but it is plagued by a

host of problems, both theoretical and econometric. With a

more direct method of estimation through an approximate

(Kmenta) C. E. S. the results of o improve, the closer the

elasticity is to unity. As the elasticity departs from

\

i

~
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unity, the usefulness of that approximation !s reduced.

In general, the availability of data determines the approach

used, which is true in this study. An insufficient number

of observations for each sector and its component branches

forced us to use a deterministic model. More specifically,

since each sector or branch has only two point observations,

the only approach suitable for our data was the use of

equation (5), which was derived from the assumption of a

common production function and neutral technological progress

in both regions. Thus, two weaknesses are inherent in our

approach to measuring the elasticity of substitution. First,

no statistical testing can be done, in our judgement, a

most serious limitation. Second, equation (5) is very sen-

s i tive to changes in the data. Not that other measures of

o within the C. E. S. framework are not sensitive to changes

in the data, but ours can be more so under some c ircumstances.

To see this more clearly, let us write equation (5) again:

13

k
1 (w/r)

iÇ = [-[w7TT2Ijo (5)

Applying logarithms to equation (5)> we obtain

o
•„(°'
VbT (5.a)

:'i&iâ.
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where a = relative capital labor ratio

b = relative factor prices

Equation (5.a) indicates that the magnitude of a is
extremely sensitive to measurement errors in (a) and (b).
First, whenever (a) is greater (smaller) and (b) smaller
(greater) than unity, a will be negative. This would be
true in a11 "paradoxical" sectors and branches had we

attempted to measure their respective elasticity of substi-

tution. Second, as long as (b) approaches unity and (a)
does not, the "magnitude of the elasticity becomes unrealis-
fically high. Third, if (a) approaches unity and (b) does
not, then the elasticity will approach zero. In spite of
these drawbacks, however, our approach has some positive

aspects. For instance, whenever inter-regiona1 or inter-

country differences in cap!ta1/1abor ratios and factor costs
are large, estimates of o using equation (5) have

proved to be similar to alternative a estimates using a more
"rigorous" approach.

The need for large differences among variables is not

a peculiarity of equation (5), but our approach requires
larger differences because of the limitation of two point

observations. Cross-country studies are more appropriate

than cross-region studies, since differences in the variables

are likely to be larger in the former.'" However, the

assumption of a common production function and neutral

p ^ E.& -caa
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technological progress is less tenable between countries.

Second, equation (5) can be shown to have some nice

properties. To do this, let us specify a more general

C. E. S. production function where constant returns to

scale and neutral technological progress are not assumed, i.e.,

Y = A [dK-l- + (l-d)L-l-]-c^ -v/c (1)

where v represents the degree of economies of scale. (Other

parameters were defined in Chapter II.)

Differentiating in relation to K and L, we have

f = v A (l-d)L-(c+1) [9]-v/c-1

f, = v A (l-d)K-(c+1) [9]-v/c-]

-c -cwhere 9 = [dK " + (l-d)L "] .

Dividing f, by f,, the marginal rate of technical substitu-

tion is obtained, i.e.,

= (^[^
K

^s.^.(^)^ (2)

Let us now assume two different production functions

for the Northeast and the South respectively. It is

immediately clear that both regions MRTS will be

1-d
MRTS1 (-^1-)(K/,)C1+1

'1 L 1
(2.a)

i i

^fS'SF.ï-£
-^^ï

\
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MRTS2
(1^2) (í);2+1

"2 L 2
(2.b)

Assuming equilibrium conditions to prevail, equations
(2.a) and (2.b) can be written as

(w/r)1
('^)t^]c1+l
l

(2.a)
I .

;!;ii

1-d
(w/r)2 = .(-d^2)[^]c2+l (2-a)

2

Dividing equations (2.a)' by (2.b)' and, after substitution,
we get

(w/r)
(^dl)(k,)c1+I

1 U1
Tw77)2 1-d^ ^ ^^^C2'

-^—/ V..2-

(3)

iiil!

M

aiii

!!!";iv*

or

k

k

, ^^}
2 ^^

(it)

Finally, if a common production function is assumed for both
regions as well as the existence of neutral technological
prog ress, then

\
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k

k
2

(w/r)
^w77T^. [^^]° (5)

2

which is our approach to measuring the elasticity of substi-

tut i on.

Some important features of this equation are: first,

it is independent of economies of scale; in other words, the

assumption of constant returns to scale does not introduce

any bias in our estimates of o. This is not true, however,

for the assumption of common production functions and neutral

technological progress, and any departure from these assump-

tions can bias our results. Second, estimates of o are

independent of product prices; thus, price differentials

between regions do not bias our results."' Third, estimates

of o are independent of the efficiency parameter; i.e.,

across-reg?on differences in A do not affect them. Fourth,

equations (2.a) and (2.b) and, therefore also equation (5),

are not dependent on the assumption of profit maximization.

An assumption about cost minimization is required, but, as

indicated by Moroney, the cost minimization assumption is

less restrictive than the profit maximization, since ''- . .

a variety of 'satisticlng' and 'sales maximizing' hypotheses

concerning the optimum choice of inputs . . ."'" is compat-

ible with the former but not the latter. Finally, since a

cross-region comparison is made, measurement errors in the

I.
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variables may, to some extent, offset each other, thus reduc-
]

ing the bias in our estimates.
Let us now consider our empirical results on o. As

shown in Table I, except for the Metallurgy, Machinery,
Transportai ion Equipment, and Lumber sectors, the o estimates
look quite reasonable. For six sectors they are less than
unity (significantly so for the Paper sector); for three,
they are not very different from unity, and for the remain-
ing sectors (three), they are greater than unity. Though
estimates of ó above unity (three or more times greater than
unity) are within the theoretical range of variation of a,

20empirically, they are dubious."'' Thus, the high estimates
of o will be rejected on the ground that they are upward
biased. This, unfortunately, restricts our analysis of
relative efficiency to only twelve sectors out of twenty-
one.

How do our estimates of o compare to alternative
estimates pertaining to the Brazilian economy? (See Table
I columns 2.4.) First, note that all three alternative
estimates of the elasticity of substitution refer to cross-
section studies either for Brazil (Macedo's and Luques') or21 ...,22
to the Northeast (Jatoba's). Second, Macedo and Jatobá
used an identical method of estimation where the elasticity
of substitution was obtained by regressing labor productivity
on average wage rates. In Luque's"^ study, an approximate
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TABLE I

CROSS-SECTtON ESTIMATES OF ELASTICITIES

OF SUBSTITUTION1

Sectors

This
Study
(1970)

Macedo

(1969)
(2)

Luque
(1970)
(3)

Jatobá
(1969)
(4)

Non-Metallie • 1.069
Metallurgy 10.972
Machinery 7.584
Transportation

Equ i pment 6.159
Lumber 2t. 3 1 7
Paper and Cardboard .197
Rubber .795
Hides and Skins }.0b3
Chemicals 1.081
Pharmaceuti ca 1 s .646
Plastics 1.363
C loth i ng and

Footwear 1.281
Food .337
Beverages 2.808
Tobacco 1.061
Miscellaneous .í(46

.81

.84
1 .08

1.13
1 .02
.97

1.16
.82
.70

1.3Í»
1 .25

1.05
.96

1 .66
1 .26
A

1.1it7
•73í»
.360

.448
1 .870
.555

1 .251
.400
.709
A

.705

.27^»

.954

.747

.863
*

1.69
.57

1 .06

1 .17
1 .08
.21

1 .07
.96
.60
A

*

1 .25
.62

1.^1
1 .25
*

1) Those sectors where cr < 0 were deleted.

2) Roberta B. M. Macedo, op. cit.. Table 3.1, P. 72.

3) Carlos A. Luque, op c it.. Table V, p. 31

4) Jorge Jatobá, op. cit., Table 21, p. 83.

* Estimates of o were missing.
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(Kmenta) C. E. S. was used, and electricity consumption was

taken to be a proxy for the flow of capital services. Third,

Luque and Jatobá worked with data on total employees while

Macedo used production workers only. This brief descrip-
tion does not make a judgement about each alternative esti-

mate but it does point up that estimates of o in Table I

may well not be strictly comparable. However, if o

estimates are to bear any relation to actual factor substi-

tution, their magnitude should not differ significantly,

since all approaches attempt to measure the same parameter.

However, as the data in Table I indicate, variations in a
2k .

for a given sector is large,"' and especially so in the

Metallurgy, Machinery, Transportation Equipment and Lumber

sectors. This variation is reduced if either Macedo's and

Jatoba's, or Jatoba's and our estimates are compared. In

the first pair the estimates are reasonabl y dose in eight

sectors; in the latter, they are also close, but only for

six sectors. There is no a priori reason for this, and no

attempt at explanation will be made.

The last chapter stressed that the response of factor

proportions to factor price changes was stronger at the

branch than at the sector level. Hence, the elasticity of

substitution estimates should be higher at the branch than
2 ç _ . — . .at sectoral level.^"' Data in Table II seem to confirm

this, particularly for the Clothing, Non-Metal1 i c, and Food
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TABLE I I

CROSS-SECTION ESTIMATES OF THE ELASTICITY

OF SUBSTITUTION

Branches This
Study
(a)

Branches

2h
25
30
31
32
34
í»3
63
73
85
91
91*

117
137

173
204
205
209

233
234

279
320

1 .537
1 .300
.410

1 . 136
.518
. 123

2.31<8

4.262

.986

83.751
1.853
2.019

.791»
2.933

6.850

(-) For these branches o < 0.

382
^05
414
Í>16
í»I7
í»26
^27
í»37
í<38
440
i»í(6
453
^6ï
A64
472
b7^
477
í<78
484

í»90
b33

512
557

This
Study
(o)

1 .075
.799
.906

2.739
1 .527
1 .892
3. 122

.766
2. 145
.291

1 .668

ko.523
1.569

.t»í»8

1 . 147

8.173
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sectors' component branches. For other branches, though the

o estimates are dose to unity (or even greater than unity),

we cannot te11 much about them since estimates at the sec-

torat level are missing. Again, for some branches in the

Textile and Metallurgy sectors (see Table II), o estimates

are unacceptably high, and we drop these branches.^" Finally»

there is some linkage between high (low) magnitudes of

elasticity at both levels of aggregation, especially for the

Metallurgy, Transportation Equipment, and Beverages sectors.

For the Clothing sector, this linkage does not happen (see

Table 1, column I and Table ll).

The correspondence between o estimates for a given

sector at both levels of aggregation is not surprising.

First, no direct estimates of capital stock and capital

price at branch level were made. Those figures were either

indirectly derived from two digit level data (capital stock)

or assumed to be equal to sector figures (capital price).

Second, as discussed in section V 1.2, wage rates at both

levels of aggregation were not much different. Thus,

correspondence between both a estimates is, to some extent,

expected. On the other hand, for example, in the Clothing

sector, sensitivity of equation (5) to values of the vari-

ables can be the explanation for the differences between the

estimates for both levels of aggregation for a given sector.
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I VII.3 - Relative Efficiency

I
The J parameter determines to what extent the North-

east's relative efficiency will be increased as its capita1/
2

labor ratio attains the South's level."' The greater the

value of this parameter, the greater will be the gain in

Northeast's relative efficiency as its capita1/1abor ratio

increases. v

Table III .shows the efficiency parameter and the North-

east's relative efficiency in columns 1 and 2, respectively.

For only two sectors. Chemicals and Plastics, is the effi-

ciency parameter smaller than unity. This is consistent

with the finding that capita1/1abor ratios for these two

sectors are higher in the Northeast than in the South. For

the remaining sectors, the magnitude of J varies from

approximately one in the Paper, Clothing and Miscellaneous

sectors to 1.37 and }.hk in the Tobacco and Beverage sectors.

This wide variation in the magnitude of J is largely ex-

plained by inter-?ndustry differences in production functions

and relative capita 1/1abor ratios.

Where J is approximately equal to one, labor produc-

tivity is increased little if that region's capital/labor

ratio is increased. This insensitivity of labor productivity

to changes in the capital endowment per worker is the result

of either a low value of a and/or small differences in

regional cap ita1/1abor ratios. Low values of o are the main
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reason for the low value of J in the Paper and Miscellaneous

sectors, while small differentials in the capita1/1abor

ratio explain the outcome in the Clothing sector. At the

other extreme, the high value of J for the Tobacco sector

is largely explainable by the high differential in the

j capita 1/1abor ratio. For the Beverage sector, the explana-

I tion is less simple since both the cap!ta1/1abor ratio and

the o value are very high. Thus, we cannot say that the

relatively high sensitivity of the Northeast's labor produc-

tivity is whol'ly explained by the high value of o; this is

also true for the capital/labor ratio differential.

Whatever the magnitude of J, however, the Northeast's

relative efficiency remains substantially lower than the

South's (see column 2). In other words, capi(a]/Iabor d iffer-
?

ences are not the only distinguishing featureacross regions.'

To clarify this point, we estimated the percentage increase

in the Northeast's capita1/1abor ratio that would have taken

place had that region increased its capital/labor ratio up

to the South's level (see column 3). Contrãs t ing columns 1

and 3, one can see the wide discrepancy between the hypothe-

tical percentage increase in labor productivity (J-1) and the

increase of the cap!ta1/1abor ratio. This discrepancy is

wider for the Non-Metal1 i c, Miscellaneous and Beverages sec-

tors, and not surprisingly, becomes smaller as the across-

region difference in cap!ta1/1abor ratios goes down. This
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was the case, for example, in the Paper and Clothing sectors.

Smaller discrepancies between both increases, however, do

not necessarily mean a sharp reduction in productivity differ-

enfiais, as substantiated by the data in Table 111, mainly

column 4.

As the cross-region difference in product-mix becomes

lower, more significant gains in labor productivity result

from a higher cap i tal/1abor ratio. Data in Table IV par-

tia11y^confirm this. The magnitude of J, also the gain in

productivity, is for some branches, higher than that observed

at the two digit level. In fact, gains in productivity above

70 per cent are observed in three branches: two in the Food

sector and one in the Non-Metallic sector. In three

branches, two in Food and one Lumber, the percentage increase

in Northeast's productivity is higher than the percentage

increase,observed at the more aggregate level. If the per-

centage Increase in labor productivity was large for these

six branches, their corresponding percentage increase in

capital/labor ratios was even larger. Data in column 3

indicate that the percentage increase ranged from 1 i(6 to

2&0 per cent for. the branches Cane Sugar Refinery (i(64) and

Slaked Lime (31), respectively. This w i de d iscrepancy was

general for a11 branches. Again, the across-regi on differ-

ences in the capita 1/1abor ratio and the magnitude ofoare

the most important reasons for the inter-branch variation
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TABLE IV l

EFFICIENCY PARAMETER, RELATIVE EFFICIENCY, PERCENTAGE CHANGE

IN CAPITAL/LABOR RATIO AND UNEXPLAINED RESIDUALS
I;

Northeast %
Branches J Relative Change

Effi c i ency in k^

Unexp1 a ï ned
Res i dual

(%)

I mp 1 i c i t
Capi tal

Share %
II'!: l

I

'?.

i
Erl

24
25
30
31
32
34
43
9^

137

173

205
209

382
^05

414
416
417
426
427
437
í»38
bbo
446
í»6í(
^n
í»84

.566

. 109

.142

.1^

.092

.01 1

.066
1 .064

1 .038

.925

1 .038
1.584

1 .071
1.095
1 .023
1.232
1 .023
1 .OhO
l .09i<

1 •3ít2
1.793
1 . 120
1.757
1.509
l . 163
1.í»79

7.752
.616
.414
.217
.í?76
.858
.705
.758
.898

.9!<7

.582

.910

.413

.385

.731

.436

.73^*
.688
.52Í(
.599
.í<19
.708
.41^
.i»27
.663
.501

-79.7
29.2
39.8

260. 1
25.9
03.8
15.5
16.1
32.5

-20.9

11.1
203.8

12.3
18.2

10.3
196.0
12.2
21.7
66.0

59.9
206.3
18.0

228.8
1i(6.0
27.'<
90.3

"-'

38.4
58.6
78.3
52.í»
}k.2
29.5
2k.2

10.2

5.3

k ï. 8
9.0

58.7
61.5
26.9
56.í»
26.6
31.2
47.6

40. 1
58.1
29.2
58.6
57.3
33.7
í»9.9

37
36
29
35
29
h2
bo
12

35-^

32
29

58
52

22
12
22
19
20

57
38
66
33
35
59
53
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in the magnitude of J. Whatever this magnitude. Northeast

relative efficiency remained lower than in the South

throughout.

The over-all failure of the capita1/1abor increase to

account for across-region differences in labor productivity

indicates that other factors besides capital endowment per •.

worker are important in explaining labor productivity differ-

entials. This is especially true for those sectors and

branches where the capital/labor ratios were higher in the

Northeast than- in the South, but where the average labor

productivity was not, as in the Chemical sector.

In summary, we have found that: first, across-regi on

differences in labor productivity generally cannot-be

explained by capital/1abor ratio differentials; second, the

magnitude of J varies considerably among sectors and branches;

finally, this variance is positively associated with both the

magnitude of ü and the across-regi on discrepancy in the

capita 1/1abor ratio. This last point raises the important

question of the extent to which our negative result is

influenced by measurement errors in both capital stock and

the elasticity of substitution. To this issue, and to the

more general question of J sensitivity to measurement errors

and production function specifications, we now turn.
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VI 1.4 - Sensitivity Analysis

The effects of change in the variables and parameters
on the size of the efficiency parameter can be seen more
clearly through the algebraic expression derived in
chapter II, equation 7, and reproduced here.

J = [
(1-d)+ dk -c

2

(1-d) + dk^~c
]
-1/c

(11.7)

•tl

li
ii!!
I

From this equation, we see that J estimates can be
biased if: a) the distribution parameter is biased; b) the
assumption of constant returns to scale is not warranted;
c) o estimates are biased; d) there are measurement
errors in k, and/or k,. Thus, a host of problems besieges
our estimation of J and, therefore, of relati've efficiency.-^
We will deal with them separately for the sake of clarity.

Consider first the problem posed by the distribution
parameter. Two sources bias our estimates of J. First, the
distribution parameter is highly sensitive to the units of

1measurement of k and w. Brown and Can? and M. Brown
have made clear that variance of the units of measurement
was a price that had to be paid for the use of "the C. E. S.
production funct?on. This sensitivity of d to units of
measurement is easily seen through equation (1() in Ch. II,
here repeated.
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k fw _d-^°
^7 ~\~rà' (11.4)

l:'ij

From this equation, it is dear that as the unit of measure-

ment changes so will the magnitude of (d) since only the

absolute values of k and w are considered. At first glance,

this fact would appear to constitute a major drawback to our

procedure in estimating J. Fortunately, this is not true.

Empirically we have observed that even though d did change

as alternative units of measurement were used, the J para-

meter remained unchanged.

Though J is not affected by changes in the magnitude

of (d), it is important to notice that little, if any, mean-

ing can be attached to its magnitude as an estimate of
i

factâr shares in total income.

In Chapter II we assumed that differences in efficiency

between regions were neutral, i.e., that the marginal rate of

substitution between capital and labor was the same at points

C and B (see Diagram I). In other words, we assumed, a priori,

that the distribution parameters and the o estimates were

equal in both regions. Violation of the neutrality assump-

tion, as indicated by M. Brown, implies variation between

regions of either the distribution or the substitution

parameter. Assume that non-neutral (capital using)

technological progress has taken place in the South. (This

is depicted by the dotted isoquant on Diagram I.) If this
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is the case, i.e., d^ > d, two different, but interrelated,

questions arise. First, what would be the bias in the

measure of relative efficiency and, second, what are the

errors in cross-see t i on studies when the neutrality assump-

tion is vi'olated. The answer to the first question is that

our J estimate is not affected if d^ ^ d,. This is easily

understood if we review our derivation of J in Chapter II,

where J was derived by making the assumption that, as the

Northeast increases its cap i tal/labor ratio, it does so by

moving along its own isoquant from E to point B (see

Diagram 1 in that chapter). Basically then, it is only the

shape of the NN isoquant that matters in t h~e derivation of

J and not that of the South's production function (SS, S'S',

or whatever it may be). More generally, it does not matter

(as far as the measure of J is concerned) if either d or a

varies between regions. Thus, the J estimate is not
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r

II

dependent on the assumption of neutral technological progress.

Matters could stop here if the J estimates were not an inter-

mediate step in the estimation of the Northeast's relative

efficiency. (The expression "relative" here makes a lot of

difference.) This brings us to the second question related

to errors in cross-secti on studies when the neutrality

assumption is violated. Though the J estimate is not depen-

dent on the neutrality assumption, comparisons are dependent

in cross-secti on studies. Basically, non-neutra1 ity between

regions (or countries) means that at the points of comparison

(points B and C on Diagram I or over the whole NN isoquant)

regional relative factor productivities are not equal. Both

regions would have different production functions, and so NN

and ,^S'S' isoquants would notbestrictly comparable. In

this sense, our J estimate, though a measure of the hypothe-

tical gain in the Northeast's labor productivity as that

region's cap i ta 1/1abor increases, would give an incorrect

indication of the power of differences in the capita1/1abor

ratio to explain differentials in labor productivity. As

clarification of this, consider the hypothesis that a capital-

using technology is employed in the South while a labor-using

one is found in the Northeast (respectively S'S' and NN in

Diagram 1.) Granted this, capital productivity in the South

is higher than in the Northeast, and the same may be true of

labor productivity. If this is the case, under no condition
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will equality in the regional cap i tal/1abor ratio imply

191

36equality in labor productivity. As indicated by Leontief,

this is not to say that capital is not an important factor

in boosting labor productivity but that ". . . the implicit

assumption that relative (author's emphasis) productivity of

capital and 1abor--if compared Indus try by industry--is the
37

same here and abroad" is incorrect and misleading. It

is incorrect because non-neutra l ity violates this assump-

t ion. It is misleading because it impliesthat the capita1/

labor ratio should be increased when other factors which were

to be assumed constant were actually more important in ex-

plaining labor productivity.^" Given the importance of this

issue, it is worth asking if our assumption of neutrality

is ,wa r ranted . j

In their pioneering study. Arrow e t. al., have

argued that d ifferences i n production are concentrated in

the efficiency parameter. This assumption, they argued,

was more sensible than the alternative hypothesis that

differences in efficiency were concentrated either on labor

or capital inputs. Their rationale was that for observations

that are close in time, ''one can assume access to approxi-

mately the same body of technical knowledge. 11
40

At the

regional level, this assumption is more tenable, since as
41 . , ,

argued by Solow, technology among regions is more homog-

eneous than among countries.
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For the Northeast and South of Brazil, the assumption

of identical technology is still less arbitrary. First,

only three states by region, with a common set of identical

branches, were chosen. Second, for both regions, it can be

said that the pool of technology was the same, since equip-

ment and machinery were bought in the South of Brazil,

United States, and Western Europe. Third, though the age

composition of capital differs between regions, their capital
42

stock Is relatively modern. Finally, as indicated by Solow
43and Salte r, if it is empirically observed that d^ i- d,,

the question remains of the extent to which this difference

is a result of "different" production functions, or of
.kb

"adaptation to differing price structures."'' Obviously, a

i^iore def i ni te conclusion on this issue would have to rely

upon a more specific investigation of each region's produc-

tion function. Since our two point observation on d would

not permit meaningful statistical testing, we maintain the

neutrality assumption as it is.

For our next step, we investigate the sensitivity of

J to changes in the magnitude of' o, and from across-region

differences ïn capita 1/1abar ratios. The J value is

sensitive to these factors and, to the extent that there are

errors in the measurement of the capital stock, and biases

in the estimation of o, our conclusions on the role of

capital becomes less defensible.
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We begin by considering how J varies as both the capita1/

labor ratio differentials and a vary. A short-cut to this,

is to consider capital stock data after adjusting for

capacity utilization. By affecting regional capital/labor .

ratios, this adjustment will also affect the magnitude of

o, and so of J.'"
Table V shows the new value of o and J in columns 1

and 2 respectively. " As expected, except for the Non-

Metallic and Clothing sectors where capacity utilization is

higher in the Northeast, the value of o increases. This in-

crease is substantial for some sectors such as Hides and

Skins, and Food and Beverages. For other sectors, the
j^7

changes, though smaller, are still significant.

If the changes in o are significant throughout, the

opposite is generally true for the J parameter. The gain or

loss in productivity due to higher or lower values of J can

be seen in column 5, where the ratio of the adjusted J., to

the unadjusted J is shown. These data show that for.Non-

Metallic, Clothing and Printing, the adjustment for capacity

utilization actually decreases the Northeast's relative

efficiency. For others, the gain in Northeast productivity

is positive but small. In both cases, gain and loss in

productivity are rather insignificant when compared to the

observed changes in a or in the cap it a 1/1abor ratio differ-

entials (see columns 3 and k of Table V, chapter Vl).
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At the branch level (see Table Vl), the picture

changes little. An appropriate contrast between this Table

and Table II in this chapter gives an indication of the

change in values of cr. The same picture for the capital/

labor differentials is obtained by contrasting columns 3 and

^4 in Table V I in Chapter VI .

Up to now we have been considering the adjustment for

capacity utilization as a simple exercise in analyzing the

sensitivity of J to across-region differences in capita1/

labor ratios and to changes in them. The scope of this

adjustment is broader, however. To the extent that capital

in use Is more relevant than capital In place for produc-

tivity and growth analysis, hypothetical gains (losses) in

productivity should be evaluated by using adjusted capital

data .

Consider graphically what actually occurs when adjusr-

ment for capacity utilization is made. In Diagram II, N N and

K

K1,
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TABLE VI

CROSS-SECTION ESTIMATES OF THE ELASTICITY OF SUBSTITUTION,
/

•lá iil
I.';

RELATIVE EFFICIENCY AND UNEXPLAINED RESIDUAL*

t.
ill Ili i
li!

Branches ou JU**

i

Northeast
Relative

Effi ciency

Unexp1 a i ned
Residual (%)

c.

í?

l

25
30
31
32
3^
^»3
94

137
205
209

382
b05

414
í»l6
í(17
426
427

437
438
440
i<46
46í»
A77
í»78
í»84

512
557

1.213
.388

1.117
.í»80
.041

2. 107

1.307

2.439
1.528
3.191
2.684
1.719
.064

2.506
.301
.995

2.555
1 .008
2.A29
.555

1 .876
1 .826
.722
. 108

1 .í»10

.145
.568

1 .03k
1 . 125
1 .682
1 .079
1 .003
1.055

1.077
1 .Oi{1

1 .065
1 .560

1 . 162
1 . 185

1 .001
1 .186
1 .005
1 .018
1 .068

1 .ít09
1.765
1.216
1.711
1 .í»98
1 .240
1 .035
1 .527
1 .027

1.018

624
Í»21
225
Í»81
S6í»
713

767
900

597
836

381
355

716
420
718
67^*
511
629
í»13
769
403
^23
707
797
517

325
662

* See footnotes to Table V. AÃ 1 bid.

37.6
57.9
77.5
51.9
13.6
28.7

23. 3

10.0

40.3
10.it

61.9
6 i».5

28.í(

58.0
28.2

32.6
48.9

37.1
58.7
23.1
59. 7
57.7
29.3
20. 3
kQ. 3

67.5

33.8



I

li:: ^

?

I

197

SS represent Northeast and South isoquants, respectively. OS

and ON rays refer to each region's unadjusted capital labor

ratios. Assume that adjustment for capacity utilization is

made. Then capital stock in both regions is reduced, from

K^ to K^ in the Northeast and from K^ to K in the South.
Labor inputs on the other hand, are not reduced. Thus,

actual capita 1/1abar ratios in both regions are given by

ON' and OS', respectively. To the extent that the capacity

utilization level is higher in the South, the reduction in

the capi ta 1/1 a'bor ratio will be greater in the Northeast.

In other words, the downward shift in the Northeast isoquant

will be greater than in the South, thus reducing the distance

between both isoquants (N'N* and S'S', respectively).

Actually, our J's ratios in column 5 of both Tables V and VI

are a numerical indication of this proportional shift, i.e.,

of the gain or loss in the Northeast's relative efficiency.

If we assume that the hypothetical gain (loss) in the

Northeast's relative efficiency is appropriately measured by

J in Tables V and VI, how much more have we explained by

the across-region differences in capital/labor ratios? Not

much; the Northeast's relative efficiency remains lower than

the South's. We have gained by slightly increasing the

coverage of sectors and branches (the Textile sector and the

branches í»78 in the Food sector, and 512 and 557 in the

Printing and Miscellaneous sectors).
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Our analysis of J's senstivity is not terribly enlight-

ening, since a) it was based on values of o estimated
'ï%;'

through equation (5) which is very sensitive to measurement

errors; b) both o and capita 1/1abor ratios have changed;

thus, the direct influence of o on the magnitude of J could

not be ascertained. To determine the importance of these ,

criticisms, we assumed three alternative values of a:
b3

first, we assumed the values of a estimated by Moroney
\

for the United States; second, we set a equal to 1.2 and 2.0.

The choice of those values of o, though arbitrary,

has some rationale. In the first place, since Moroney's

estimates are, in general, tower than unity (see column 1 of

Table VII), higher than unity values ofoa11ow for a better

percept ion of J's sensitivity to o. In this case, a value

of o = 2 can be understood as the upper limit and Moroney's

as the lower one. In between we set o = 1.2, thus getting

a more complete look at this matter. Second, when o is

assumed constant for all sectors, Inter-sectors variation in

the magnitude of J is accounted for by the differences in

capita1/1abor ratio, emphasizing its importance.

We want to stress the following: a) only the adjusted

cap i tal/1abor ratio for capacity utlization is used; b) a11

sectors and branches where the Northeast's CK/L), are lower

than the South's are considered; c) our procedure to estimate

d is changed; d) since there is no alternative a estimate

at the bran.ch level, sectoral estimates were assumed for the

ife
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component branches. The rationale for using adjusted capital

data only is implicit in our previous discussion (see pages

196-198. The second and third points are discussed below.

We saw in the previous chapter that some of the

paradoxical observations at both sector and branch level

were the result of higher relative factor costs in the North-,

east and not of higher capital/labor ratios. Since estimation

of J is independent of factor costs, those sectors and

branches need not be excluded from our analysis if arbitrary

values are assumed. The same is true for those cases where

the estimates of a were too high to be acceptable. In what

follows, these two sets of sectors and branches will be

included, thus increasing the coverage of our study.

The reasons for changing our estimation procedure of

the distribution parameter are two fold. First, since our

new J estimates will be independent of factor costs so should

be our estimate of d. As we recall from Chapter II, two

equations were available for the estimation of d. In the

second, equation (í() which we have used, data on factor costs

are necessary. In the first, equation (3), they are not,

since relative factor shares are substituted for factor costs

for consistency. Second, since in equation (3) data on

factor costs are not required, and relative factor shares

are independent of the units of measurement, the second

procedure Fs less sensitive to a change in measurement
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units."'1 This is a "gain" in one sense, but also a "relative"

loss, since, by changing d values, we cannot, strictly speak-

ing, compare old and new results. In what follows we consid-
52

er the new results only.

Data in Tables VII and VIII show the new values of J ,.

and the Northeast's relative efficiency at both levels of

aggregation. There are two separate ways to analyze these

data. While in the first we investigate the J sensitivity

for changes in both o and d, capital/labor ratio constant,

in the second, o is constant and, capita1/1abor ratios and d

change.""' Obviously, both are relevant.

Using the first procedure, we find that variation in

the value of a, except for Tobacco, is substantial. The

corresponding changes in the value of J, however, are not.

Comparing the data in columns 2, 3 and k confirms this.

For example, in the Machinery sector, as the value of ü

changed from .150 to 1.2 (a 800^ increase), the correspond-

ing J value changed froml.12 to 1.46, a 30^ increase. For

other sectors, the change In J s values is relatively

smaller. Therefore, changes in the value of o, do not have

a noticeable effect on J's value, i.e., on the Northeasts

relative efficiency. A detailed analysis of a11 sectors and

branches reveals the same pattern. Thus, our conclusion

that across-regi on differences in K/L do not explain general
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TABLE VI IIA

ALTERNATIVE ESTIMATES OF J ANDNORTHEAST

RELATIVE EFFICIENCY
t,

Branches
Efficiency Parameter NE Relative Efficiency

l-
i.

iS».'

M-

25
30
31
32
3^
b3
63
73
85
9^

117
137
186

20Í»
205
209

320

J
l
(l)

J
'2
(2)

J
'3
(3)

(1) (2)

1 . 191
1 .306
2.387
1 . 169
1 .00^
1 .001

1 .500
1.113
1 . 165
1.171
1 . 100
1.093

1.797
1 .227
1 . 106
1 .638

1 .388

1 .193
1 .309
2.960
1.171
1 .004
1 . 102

l .568
1.11't
1.177
1.177
1 .í(60
1 . 185

2.047

1 .236
1 . 108
1 .753
1 .í»04

.197

.315
3.078
.175
.004
. }0b

•5°3
.115
.181
.179

1 . 192
2. 193

.2.133
1 .244
1.110
1 .863

1.41i(

.813

.618
1.097
.608
.870
.828

.7\^

.893

.807

.835

.6í»0

.945

.827

.876

.620
•9ít2

.558

1 . 17ít
1 .220

l.181382 1.155 .512
í(05 1 . 196 1 .231 .503

414 .7181 .005
1 .71t2
1.015
1 .062
1.214

1 .0051 .005
416 1 .642 1.812 .581
^17 1.015 1.015 .725
426 .062 1 .063 .703
427 .576.202 1 .223

.815

.619
1 . 125
.609
.870
.829

.7Í(6

.893

.816

.839

.850
1 .025

.3h2

.882

.621
1 .008

.564

.520

.514

.718
.617
.725
.703
.582

(3)

.817

.622
1 . 170
.611
.870
.830

.758

.894

.818

.841

.876
1 .031

1 .009

.888

.623
1 .071

.568

.523

.518

.718

.6l»1

.725

.703

.586
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Branches

í»37
438
í»í(0
446
461
46A
^77
478
í»84

^90
^99

512

557

20^

TABLE VI t:l* Ccontinued)

Efficiency Parameter

J
1
(1)

J
'2
(2)

J3,
(3)

.603

.782

.304

.730

.552

.522

.362

.052

.666

.628

.272

1 .030

l .047

1.657
2. 180
1.312
2.16it
1.813
1.7ít6
1 .379
1 .052
1.786

1 .880
1.330

1 .030

1 .OkQ

1 .671
2.315
1 . 31 í<
2.320
1 .907
1 .826
1 .38^
1 .052
1 .821

1.965
1.31»9
l .030

1 .obs

*See Footnotes to Table VII.

NE Relattve Efficiency

(1) (2) (3) '•

,714
^17
82í(
408
í<30
,431
,776
810
563
6í»6
820

^09

680

739
510
829
511
502
í<94
786
810
604

746
858

409

681

745
5Í(2
832
5í»7
528
517
789
810
616

780
870

A 09

681
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productivity differences is further substantiated. In fact,

in no sector did the Northeast's labor productivity become

higher than that of the South. Even for o = 2, the unexplain-

ed residuals (not shown) remain substantial. For some

branches, the residuals become somewhat lower (or even dis-

appear). However, for the majority, the residuals remain i

highand, for some, even higher than observed at the

two digit level. In other words, d lsaggregati on is not

usually an explanation for poor results.

How do J values change as capita1/1abor ratios change?

As the capita 1/1abor differential increases, other things
5í»

being equal the J value will also increase."'" In other

words, the greater the increase in the Northeast's capita1/

labor ratio, the greater will be the regional gain in labor

productivity. A detailed comparison of across-sector values

of J, say for o = 1.2 with the Northeast's relative capita1/

labor ratio (see column k, Table V in Chapter VI), shows the

expected results. For the Machinery and Transportation

sectors, for example, the Northeast's relative capita1/

labor ratios were .'471 and .193» respectively, dearly, the

hypothetical increase in the Northeast's capita1/1abor ratio

will be higher in the second sector than in the first. J

values, on the other hand, were 1.462 and 2.777 for the

Machinery and Transportation sectors, respectively (see

column 4 of Table VII): i.e., the hypothetical gain in the

r
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Northeast's relative efficiency is substantially higher in

the first sector.

This positive association is expected since, if by

increasing the cap i ta 1/1abor ratios, no gain in labor produc-

tivity is achieved, no increase in that ratio should take

place from the start. Thus, the question is not about the

existence of "gains" derived from more investment in

capital stock, but about the magnitude of these gains com-
\

pared to the effect of increasing capital intensity. Our

results and those of others'''' indicate that these gains are

not substantial and thus, an emphasis on capital investment

is not always advisable. However, by assuming constant

returns to scale, we may have underestimated the actual

gains in labor productivity. This is an empirical question

with which we deal in the next chapter.

The main conclusion of this chapter is that though o

and J are positively associated, the hypothetical gain in

the Northeast's average labor productivity is not very sensi-

tive to changes in the values of o. Our sensitivity analysis,

where alternative values of o were assumed, made this clear.

More important than the value of o are the across-regi on

differences in capital/labor ratios. Inter-sectoral

variation of capita 1/1abor ratio o assumed constant for all

sectors, or comparison of J's values for the adjusted and

unadjusted capital stock for capacity utilization can show
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this. Thus, measurement errors in o do not seriously impair

our results for J. In other words, in spite of the sensitiv-

ity of equation (5) to the values of variables, we can con-

dude that cap!ta 1/1abor ratio differentials did not explain

the observed acros s-regi on differences in average labor

productivity. The unexplained residuals, though somewhat

lower at the branch level, generally remained high. The

next chapter will investigate whether these residuals can be

totally or partially explained by a scale factor.
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FOOTNOTES TO CHAPTER VI I

'I
£'"•1

{

^

\'":

R. Nelson stated that if different countries or regions
are employing the same neo-c1ass icia1 production function, and
competitive conditions in the input markets are assumed,
"inter-country productivity differences thus reflect differ-
ences in factor proportions used by the representative firms.11'1
R. R. Nelson and others, op. cit., pp. 91-92.

2
See, for example, estimates for R. So1ow, "Capital,

Labor and Income in Manufacturing," The Behavior of Income
Shares--Se1ected Theoretical and EmpincaÍlssues--NBER
(Pr i nceton University Press, Princeton, }36k), op. cit.,

and J. R. Moroney, op. ci t . , pp. 57-59.

li

pp 101-128,

3,For an earlier review of many empirical studies on a
estimates, see M. Nerlove, op. c!t., pp. 55~121.

4,
'R.

of Income
E i sner,
Sha res ,

Comments on Solow's paper,
op. ci t., pp. 128-1 37.

in The Behav i or

5

6

Ibid., p. 137.

II

z.
°p^

Gri1íches,
cit., pp.

9-10.

"Production Functions in Manufacturing
290-297, and Griliches and Ringstaad,

op. c i t. , pp

I. Nadire, for example, has stated that "The only
tentative conclusion is that most of the time series estimates
of o are below unit, while the cross sec.tion estimates are
generally higher than the time-series estimates and close to
unit," pp. 1151~1153. See I. Nadiri, "Some Approaches to the

Theory and Measurement of Total Factor Productivity: A
Survey, "
December

8,

Journal of Economic Literature, vol. 8, n. 4,
1970, pp. 1137-1^777

C. A.For the V. E. S. approach, see, for example,
Knox Lovell, "Capacity Utilization and Producti on Functions
in Post-War American Manufacturing," Quarterly Economic
Journal, vol. 82, n. 2, May 1968, pp. 219-239. For the
Trans-log, see Lauris R. Christensen, Dale W. Jorgenson and
L. J. Lau, "Transcendental Logarithmic Production Function."
Review of Economic and Statistics, vol. LV, n. 1, Feb. 1973,
pp. 28-45.
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See Yhi-Min Ho, The Production Structure of the
Manufacturing Sector and Its Distribution Implication:
Case

pp. i~-^ï7
10.

of Taiwan (Rice Un iversity--PDS,
others.

The
1976)7 Paper no. 78,

among

Lauris R. Chrtstensen and others, op. cit., pp. 28-30.

i 1
Griliches and Ringstaad for example,

model where ". . . we have more than two fac
tion we need more constraints on the variabl
to constant output to define the elasticity
between two factors. Depending on the const
one can get a number of different elasticiti
tion. None can be said to "correct." They
but useful for answering different questions
p. 6.

stated
tors of
es i n a
of subs
ra i nt s
es of s
are all

op.II

that in a
p roduc-

dd i t ion
t i tut ion
i nt roduced
ubst i tu-
usefu 1 ,

c i t. ,

12Ibid., pp. 8-9.

About the sensitivity of the C. E. S. parameters to
changes in the data, I. Nadiri has stated that "The empirical
evidence seems to indicate that the parameters of the C. E. S.
production function are highly sensitive to slight changes
in the data, measurement of the variables and methods of
estimation," 1. Nadiri, op. cit., p. 1151.

A negative o is considered a "non-sense" result.
This conclusion follows immediately from tlie fact that,
assumption, the factor marginal physical productivities
positive. In other words, an industry (i.e., a firm written
at large) always operates !n the so-called economic region
of production. If this is not the case, o < 0 can happen.
As a matter of fact, the possibilities of values of o less
than zero arise under theV. E. S. production function
specification as indicated by A. C. Knox Lovell, op. cit.,
pp. 221-226. On the other hand, Borts and Mishan raised the
point that factor margÍna1 productivity, mainly capital, can
be actually negative. The rationale for this is that, in
the short run (the case of all eros s-sect i on studies), the
firm cannot dispose of the excess capacity it finds itself
with. Thus, involuntarily, capital is used uneconomica11 y.
See George H. Borts and E. J. Mishan, "Exploring the
Uneconomic Region of the Production Function," Reviewof
Economic Studies, vol. 29, n. 81, October 19&2, pp. 300-312.

For alternative estimates of o
economy, see M. Nerlove, op. cit., pp
Table I in this chapter.

for the
60-65.

United States
See also
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Northea
region
so 1 n (

17

biases

pp. 72-
18

19

definit
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Obviously, the existence of fiscal incentives in the
st makes things worse for us. In other words, inter-
variation in relative factor prices are narrowed down
b) approaches zero while 1n(a) does not.

As indicated by Nerlove and Arrow, et. al., these
can be quite serious. See M. Nerlove, op. cit.,
74; Arrow, et. al., op. cit., p. 337.

J. R. Moroney, op. cit., p. í(8.

It isworth mentioning that equation (5) is true by
ion. To see this, let us rewrite equation (5) as

m

:lll
,1.11

K

i; r

.i.1

l,

1n(k /k^)
,wl/r1
= ° 1n(wt7'7) or

[r

1n(kp - Infk^)
1n(w,/r^) - Intw^/r^T ~ d1n(w/r)

. d1n(k) dk
k

'•"
'w/r

d(w/r) o

i!í ;

Thus, the estimates of o in this particular case are indepen-
dent of any assumption or specification about production
function form.

20
These high values of

fact than an indication of
factor substitution. As a
is that the across region d
costs is small, while the d
labor ratio are not. From
magnitude of a could be exp
Average practice argument.
ratio of new to total plant
if new plants have a higher
plants, other
ward bi ased.
to M. Ne r 1 ove
133.

things being
For more on t
s paper in M.

o can be more a numerical arti-
actual technical possibilities of
matter of fact, what has happened
ifference in relative factor
ifferences in regional capita1/
another point of view, the high
lained in terms of the Best vs.
Equation (5) shows that if the

s is higher In the Northeast, and
capital/labor ratio than older

equal, the estimate will be up-
his, see Raford Boddy in Comments
Brown, ed< , op. cit., pp. 127-

21

22

Roberta B. M. Macedo, op. cit.. Table 3.1, p. 72.

Jorge Jatobá, op. cit.. Table 21, p. 83.
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Carlos António Luque, Elasticidade de Escala e TaxaEfetiva de Incentivos a Exportação, unpublished Master'sthes i s (Universidade de São Paulo, São Paulo, 1976), TableV, p. 31
2l(

It should be noted that differences in o for different
estimates is the rule rather than the exception. See M.Nerlove, op. cit., pp. 60-65; and R. Macedo, op. cit., p. 72.

25,
R.

'An
So 1ow,

26,

oppos i te point of
op. ci t., p. 118. view was advanced by So1ow. See

'These branches were: ns. 73, 117, 320, í|27, 261and i»90, respectively Primary Metallurgy of Non-Ferrous
Metals, Machine Tools, Crude Animal and Vegetable Oils,Shoes (excluding sport shoes), Dairy Products (excludingice cream) and Alcoholic Beverages.

As discussed in Chapter II, the J parameter is
derived under the assumption of a common C. E. S. productionfunction for both regions. This parameter will be greaterthan unit whenever the cap!ta1/1abor ratio is lower in the
Northeast. It will be less than unit, otherwise.

discussion of J
pôs tponed until

s sensitivity to a
the next section.

and k]/k2
2 Further

va 1ues will be

That capita 1/1abor ratio differences across-regionsor countries should be the only distinguishing differenceswas indicated by R. Nelson. He stated that, "In a way, thisis too strict. Several of the papers admit the possibilityof total factor productivity differences across nations.
But this is brought in as an empirical fact of life, not assomething Intrinsic to the basic model." R. Nelson and others,op. cit., p. 92.

It can be shown that, for a homogeneous function offirst degree the per cent increase in labor productivity isequal to the percentage increase in capita1/1abor ratio
times the capital's share in Output. In other words,

Sir

Si:'
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j
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where b = capital share in output. As a corollary, our
results on J, and the percentage change in the cap?ta1/1abor
ratio, yields an implicit value of b. These values areshown in column 5 of Tables III and IV.
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Trd' 7' (4)

fe^:

J [-
(1-d) + dk-c

(1-d) + dk
2—]~}/c
-c

1

(7)

Let a be a scalarsuch that a > 1. Multiplying k and w in
(^) by a. we obtain

ak d aW^ o
TTd' T"

Applying log and taking the value of d we have that

d b

10~ec + b

i.

n
ii
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31
Murray Brown and John S. Cani, "Technological Change

and the Distribution of Income," International Economic
Review, vol. 4, n. 3, September 1963, PP. 289-309

M. Brown, On the Theory and Me a s u remen t of Te chnological
Change, op. cit., Ch. 9, pp. 131-132.

We have expressed the capital and wage variables in
CR $1.000,00 and CR $1.00, and the observed change in the
magnitude of d was substantial. The magnitude of, J
however, did not change. It can be proved that J is not
affected by changes in d. Consider equation (4) and (7)

>,

!i
;:1

a
where b = 10 and a= log

k

(w/r)
-/0

o
;!S

3
C = 1-0/0
É = 1 og a

\ I!!
x^

;ï1

'^S3
^' '-



r

l

t

213

Substituting the value of d in (7) we have

HI

ií il

E.

I
t

:1
J [-

1 -

b
+

b

10~ec + b 10-ec + b
(c(k,)-c'2

b
+

b

10~8C + b ' 10~ec + b -("k^)
^-1/c

ï: ^ J!1

I!;!1
li

or

10-ec + b10-6ck;c
j = r _z 1-i/c ^

L10-ec + b10-0ck,CJ

J [
1 + bk-c

2_ ^-1/c
1 + bk-c

l

l i!

1 II
li.I! I

i:i i:: I

;: 11
'1

M
I;
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which indicates that J's value is independent of the unit
of measurement of k and w. (This proof was suggested to us
by Prof. Francisco de A. Soa res--Un iversidade Federal do
Ceará). On the other hand, this conclusion is consistent
with the observation made by Brown and Cani that the sensitiv-
ity of d to units of measurement poses no problem if we
stick to one unit of measurement throughout. See Brown and
Can i,op.cit.,p.293-

3^,
M. Brown stated that ". . . non-neutral changes are

associated with variations in k, the capita] intensity para-
meter, or a, elasticity of substitution.'' M. Brown, op. cit.,
p. 55.

35
Note that in equilibrium

í i: Ï
!Ï2...

S

;.'.••

ï. (J^) (í)1+c

Thus, changes in d, ceteris paribus, imply changes in the
equilibrium condi t ion.
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W. W. Leontief, "Domestic Production and
The American Capital Position Re-examined," in
(ed.), lnternat i ona1 Trade (Penguin Books Ltd.,
worth, I 972) ,

214

Foreign Trade:
J. Bhagwat i
Ha rmonds-

pp 93-1397

37,

38,
W. W. Leontief, op. cit., p. 127.

'As noted by Solow, "The source of productivity differ-
entials might be almost anything--differences in effective
productton functions, differences in product-mix, differences
in the age, sex or educational composition of the labor force^"
R. So1ow, op. cit., p. 115.

39

bo
Arrow, et á1._> op. cit., pp. 232-233.

Ibid., p. 226.
41

So1ow argued that, "The point of analyzing inter-
regional cross section is the chance that technology is more
homogeneous across such regions than across countries at
widely different levels of development." R. So1ow, pp. c it.,
p. 118.

í<2,

í(3,

!»í>,

1<5,

R. Solow, op. c i t.

E. G. Salter, o p. cit., Chs.

R.Solow, op. cit., p. 118.

2-3.

Whenever the capacity utilization level is lower in
the Northeast than in the South, the across-regi on differ-
ences in cap ita1/1abor ratio and the magnitude of o will be
i ncreased.

í(6The miss;
presented either
same applies to
ing table.

1»7.

ng sectors in this table are those which
a negative o or a too-big value of o. The

the data on Industrial branches in the fo11ow-

By "significant," we mean that the ratio of the devia-
o to the standard deviation of o was equal

an 15 per cent. The only sector with a
was the Tobacco sector.

tions of Oy from
to orgreafer th
lower percentage

It should
isoquants NN or
not appropr iate,
meter's at poi nt
the oppos i te is

be stressed here that we are not comparing
N'N' (or SS and S'S'). This comparison is
since, in general, the distribution para-

s A and B are not the same. By assumption,
true at points B and D.

T
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Moroney's o are cross-secti on estimates and are
basically derived from the same cost mrnimtzation approach we
have u'sed. See, J. R. Moroney, op. ci t., p. 57.

For convenience, we repeat here both equations: I.

/

wL
rK (-^d-)(^)c

K = rw ( d
U = l7 lT^dJ

o

(3) and

(lt)

I'

t ,

51 í

".í

If we had assumed a Cobb-Douglas specification,
factors share on output would be eqqal to d and (1-d) for
the labor and'capital input, respectively. Since a C.E.S.
specification was used, this equality will not hold whenever
a i \.

i

i

i!

At first

with, say. J,, and input the differences
in d. This is wrong, since both d and

At first sight, one would be tempted to compare Jy
in J to changes
have been changed.o

53It should be noted that, in the case of Moroney's a
estimate, everything changes. As such, the second method
will not be applied for this case.

This is true whenever o > 0. See equation (7) in
Ch. tl.

The persistence of unexplained residuals was found
by Arrow, et. a1., op. cit., pp. 242-2^3; R. Nelson and
others, op. cït., pp. 98-103, to mention only a few. On
the other hand, the low sensitivity of J to changes in value
of a and the opposite to changes in differences in capita1/
labor ratios was first analysed by R. Nelson in "The CES
Production Function and Economic Growth Projections," in
Review of Economic and Statistics, vol. k^ , n. 3, August
}965, pp^. 326-328. In this paper, R. Nelson analyzed the
question by considering different points of time.
Obviously, this conclusion applies with equal force to cross-
section studies, which he has done when comparing D. S. and
Colombian manufacturing sectors. See R. Nelson and others,
op. c it., pp. 98-99.. Nelson's conclusion has led Z.
Gri1 iches to consider the elasticity of substitution
second order parameter in the . . . estimation and

asa

analysis
of courses of productivtty growth . . . ." Z. Griliches in
M. Brown, ed., op. cit., p. 285. Along the same line, but
less forceful, was M. Nerlove's position, see ^bid., pp. 55-58.
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CHAPTER VIII

ADJUSTMENT FOR ECONOMIES OF SCALE

VI I 1.I - Introduct ion

In the previ.ous chapter, a CES production function
with constant returns to scale was assumed. In this

chapter, this assumption is relaxed because labor produc-
tivity can, and often does, have a positive association
with average plant size. tf this association is signifi-
cant, the across-regi on differences in average plant size
can be as important as the capital labor ratio in explain-
ing inter-regíona1 d ifferences in labor productivity.
Fortunately, we can adjust for economies of scale. In
this chapter, we first discuss the rationale and the analyt-
içai procedure used to make this adjustment and then their
influence on the Northeast's relative efficiency.

VIII.2 - Adjustment for Economies of Scale

Empirically, average plant size can differ between
regions. Let us assume it does and ask what change in the
Northeast s relative efficiency would occur, allowing for
economies of scale. In other words, what would be the

effect on our estimates of the Northeast's relative

efficiency if the average plant size in both regions is
216
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standardized. In this study, average plant size is defined

as the average number of workers per establishment (L/E).

We also need to develop an analytical (algebraic) expres-

sion through which the adjustment factor for economies of

scale could be estimated. Before developing this expres-

sion, let us briefly give a graphical illustration of the

scale a rgumen t.

Consider diagram I. On the abcissa is the average

number of workers per establishment (L), and, on the

ordinate, the average capital per establishment (K). The

rays OS and ON are, as before, the regional cap i tal/1abor

ratios. The same is true for the isoquants SS and NN.

I

y

1
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These isoquants, however, are not unit isoquantSp and, in

fact, the output level Is assumed to be higher in the South

Cpoint D), than in the Northeast (point C), though both

regions have the same cap?ta1/1abor ratios. This equality

of capita 1/1abor ratios, is the result of the hypothetical

movement along isoquant NN from point A to point C, as

discussed in Ch. II. Thus, at C, both the Northeast
2average plant size (L,) and average labor productivity

(q.,) are hypothetical figures. This is not true for the
South's (L^) and q^ figures. Alternatively, by the

symmetry property of the CES production function, we could

have assumed that the South's capita1/1abor ratio was

reduced from OS to ON as that region moved downward along

isoquant SS. In either case, average plant size differs
between regions.

To the extent that increasing returns to scale pre-

vai], standardization of regional average plant size can

positively affect the Northeast s hypothetical gain in

labor productivity. Thus, an adjustment for differences

in 'average plant size across regions is desirable. Assume

that the Northeast's hypothetical average plant size is

adjusted upward. Graphically, this adjustment is made by

moving along OS from point C to D. By doing so, capital

and labor are proportionally increased so that no change

in the Northeast's hypothetical cap!ta1/labor ratio takes
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place. This is an important result, for it indicates that,
unless there are increasing returns to scale, no hypotheti-
cal gain in the Northeast's labor productivity will be

í(
observed.

Assume that increasing returns to scale do prevail.
In this case, the adjusted Northeast hypothetical labor
productivity at D,(q A) will be higher than the hypothetical
labor productivity at C,(q,) . On the other hand, qA/q
is equal to one plus the percentage increase in labor
productivity after allowing for adjustment for economies
of scale. This size elasticity of labor productivity (g)
which was assumed to be constant across size group and
states by region is defined by

/

9= dq/_ í dL/L

d ;6log q/d log L ^- (log q* - log q )/(1og L^ - log L )
thus, g — log (qA/q,)/1og(L^/L.,) , or, alternatively,

log (q*/q^) ^g log (U^/U^)^g 1og(U^J/U^) where ^J/L^ is
the ratio of actual average plant size in the South to the
hypothetical average plant size in the Northeast. Since
q*is unknown, the ratio q*/q, cannot be estimated directly.
However, once the size elasticity 9 and.the ratio L^J/L
are estimated, this ratio can be determined. This ratio
q*/q., is the "correction factor" for economies of scale.8
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The product of the correction factor q*/q, to the
-'

Northeast's relative efficiency q,/q.> is equal to the

adjusted Northeast relative efficiency (q*/q^). More
clearly, q^/q^ = (c)^/(l2 ^ ^Ay'<:'3^ • Finally, note that,
since q,/q^ = J(q,/q,), it will follow that qj;/q^ =
J (q ,/q^ ) (q;';/q.,). In other words, as far as q^/q^ is con-
cerned, it does not matter whether we first correct the
Northeast's relative productivity for the across-region
differences in capita l/1abor ratios, and then adjust this
result for economies of scale, or if the reverse procedure
is foi I owed.

VI I 1.3 - The Size Elasticity of Labor Productivity (g)

Though we have made use of the size elasticity of
labor productivity, we have not yet discussed the procedure
for its estimation. Basically, g is estimated by regres-
sing labor productivity on average plant size. The regres-
sion will be made in logarithmic form; there are two
reasons for this double log transformation of the variab1es.
First, the estimate of the size elasticity of labor produc-
tivity is directly given by the coefficient of the
independent variable." Second, both the symmetry of the
distribution and the homoscedast i c ity of the disturbance
term can be improved compared with that of the distribu-
tion of the actual values of the variables. Thus, for
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any given industry, an equation of the form q,, = a +gS.,
wi11 be fitted, where q and S refer to the natural logs of
labor productivity and average plant size, respectively,
and the subscripts i and j to the i industry and j
size class.

The remaining question regarding estimation procedures
for economies of scale refers to the appropriate definition
of average plant size. Since there is no ideal measure of
average plant size, data availability and the purpose of

1 2the study determine which particular measure to use.
Griliches and Ringstaad have argued that the level

of output is more likely to be affected by transitory
variation than are labor and employment. Therefore, the
use of the total number of workers is more appropriate as
the size measure, because the possibility of correlation
between the error terms and the independent variables
becomes less serious. Also, if the number of workers
divided by the number of establishments (L/E) is taken as
an explanatory variable, the more likely v/ill this measure
be "predetermined" and the less likely will it be affected
by,any kind of transitory variation, since- in the short
run, fluctuations in the level of employment and in the
number of establishments is less significant than in the
1 eve 1 of output.

I^tt

ïjf
^;.

11

;i,lll
ii!:ll1:1
;rlyl

i il
til
;.[:: I'lii
l", ill
I ,-li;i^

:yi

i!

'l'1

..^1111
":ii1
it:!

:•••

Sf,



222

Itt

s

li

I.

s.

} 4
K. Cl ague"' discussed two alternative definitions:

average number of workers per establishment (L/E) and
factory output per establishment (Y/E). He did not con-
sider the (Y/E) measure to be appropriate, since output
levels may vary from country to country or among regions
due only to more efficient use of available resources
rather than because of the absolute level of resource
utilization. Possible covariation between factory out-
put and labor productivity can also result in an upward
bias in the g estimate. Conversely, errors in the measure-
ment of labor can result in negative covariation and so
underestimate g. Given these reasons, Clague took the
geometric mean of both estimates as the appropriate measure
of the size elasticity of labor productivity.

In this study, we will take the geometric mean of
two distinct estimates of (g), which will refer to the
same definition of average plant size (L/E) and to two
alternative grouping of data: Output (Y) and Labor (L).
Contrary to Clague's arguments, positive covariation
between average plant size and average labor productivity
is more likely to occur on either the (Y/E) or (L/E)
definition, since both measures tend to increase wïth
plant size. Furthermore, to the extent that the two
measures of plant size are intercorre 1ated, there is not
much to choose from between either definition of average
plant size.'" The same is not true with different
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groupings of data, since, as indicated by Johnston, two
markedly different patterns of the relation between the
average labor productivity and the average plant size can
emerge whether the Output (Y) and the Labor (L) classi-

]fications are considered. Therefore, it is advisable
in empirical work, whenever data and sufficient number of
observations are available, that both size classifications
(groupings) be used.

The remaining problem is to decide which definition
of labor to use, i.e., total labor or production workers
only. As pointed out by Clague, the first definition of
labor is bound to introduce a downward bias in the estima-
tïon of g, since the ratio of production workers to total
employed labor decreases as plant size increases. 20

This

supposition can be justified by the assumption advanced by
21..... 22Fleming"' and Harbison,"" among others, that as plant size

increases so does the degree of technological sophistication
as well as the managerial effort necessary to run a factory.
There is a tendency for substitution of managerial and
technica'1 personnel for unskilled labor. Obviously, the
utilization of total labor as a measure avoids this
problem and is also consistent with our measure of labor
productivity, and of relative efficiency.
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VIII.4 - Average Plant Size Estimates23

Data in Table I, columns 1 and 2, show actual average

plant size for the Northeast and the South, respectively.

As the data indicate,for six sectors, average plant size
is larger in the Northeast, and, in only one sector

(Textiles), are they about equal. Of these two measures,
however, only the South's are relevant for our purposes,

since the Northeast's measure refers to point A, rather

than point C, in Diagram I. This fact poses an empirical
problem, since the average plant size at C (L,/J) depends
upon the magnitude of J, which Is sensitive to both o

and the across-region differences in capita1/1abor ratios.

In other words, there is not a unique estimate of J, and

it is hard to determine which estimate of J is more adequate.
Thus, we decided to use two alternative values of J: one

associated with Moroney's o estimates, the other, with the

assumed value of a = 1, 2. First, under both estimates,

we increase the number of sectors to be analyzed, since

by assuming independent values of o, information on re1a-
2ktive factor prices are not needed to estimate J" ' . Second,

these J estimates are related to capita1/1abor ratios

adjusted for capacity utilization. This adjustment, we

argued before (sec. V.ll..i(), is relevant in estimating the

Northeast's rei at i vê efficiency. Third, the assumed values

for o, Moroney's estimates and o = 1, 2, allows for a wide
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variation in the value of a for most sectors. Thus, there
is room for change in J, and so in the measure of hypothe-
tical average plant size.

The Northeast s hypothetical average plant size,
associated with Moroney's a estimates, and the South's
relative average plant size (the ratio of the South's to
the Northeast's hypothetical average plant size) are shown
in columns 3 and 4, respectively, of Table I. Similar
figures associated with ü = 1, 2 are shown in columns 5 and
6, respectively. As indicated, for most sectors, no big
differences are observed between the two alternative

estimates of the Northeast's hypothetical average plant
size. In fact, in only three sectors. Machinery, Transpor-
tation Equipment and Beverages, are those differences larger
than 10 per cent. This also applies to the two alternative
estimates of the South's relative plant size.

Contrasting the South's average with the Northeast
25hypothetical average plant size,"'' we notice that in only

one sector. Clothing, is the average plant size in the South
smaller than in the Northeast. On the other hand, for four
sectors. Paper, Hides and Skins, Textiles, and Beverages,
the average sizes are approximately equal in both regions.
While, for these four sectors, gains in the Northeast's
relative position will be insignificant whatever the inten-
sity of increasing returns to scale, for the Clothing
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sector, that relative position will actually become worse.
In the remaining sectors, chances are that the unexplained
residuais will be reduced.

When the alternative measure of the Northeast's aver-
age plant size (J's associated with o = 1,2) is consid-
ered (see column 5), we see that, except for the Beverage
sector, the previous results on the South's relative
average size remain basically the same. Thus, under this
alternative measure of the Northeast's average size, it
can happen that, for two sectors. Clothing and Beverage,
the Northeast's relative efficiency can actually deteriorate
as economies of scale are allowed for. Obviously this
result, and also any possible improvement for the other
sectors, will depend on the size and magnitude of the co-
eff ic i ent (g) .

VIII.5 - The Size Elasticity of Labor Productivity (g)
and the Adjusted Northeast Relative Efficiency
(q^/q^)

As discussed in section VIII.3, the "g" estimates
are obtained by regressing average labor productivity
on average plant size, where size classes are considered
as individual observations. The emphasis on "average" is
not misplaced since size class data are one-way classified.
In this case, working within group (class) "average" is a

i;iS,

i;

II



!

I

necessary condition to obtain unbiased estimates of "g.'

If, on the one hand, ordinary least Square estimates of

229

,27
'1-,

!!„ II'g" are unbiased, on the other, they are non-effi cient.
28

As explained by Cramer and Kmenta, the loss of

efficiency in grouped data occurs because within-group

variation in the variables is lost. This loss is more

serious in a one-way classification than in the two-way

classified group data. Since our data are one-way

classified, the loss of efficiency in our "g" estimates

can be serious.

31Fortunately, as shown by Cramer, the loss of

efficiency is minimized if the between-group (between-

class) variation of the regressand is maximized. In the

limit no efficiency will be lost if the with in-group varia-
tion in the regressand (average size) is nu11. In this

respect, it is relevant to raise some additional points

about the procedure which we used to estimate g."

First, our regressand average size (L/E) is unlikely

to show large variation within each size class. This is

even more evident if we consider that we have not "lumped

together" the regional data in each size class. In other

words, our procedure is one of viewing each size class in

each state as an independent observation. Obviously, this

not only increases our number of observations and thus our
32degrees of freedom,''^ it also reduces the within-group
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variation in average plant size. On the other hand, this

procedure can increase the between-c1 as s variation which

as already explained, is important in improving the
efficiency of the "g estimate.

Regressing labor productivity on average plant size

under the labor classification yielded poor results.

First, the explanatory power of the regression model was

low. Second, for some sectors, not enough observations
were available. On both counts. the effect of economies

of scale on labor productivity could not be investigated

for a large number of sectors. Estimating "g'' under the
output classification did not improve the results. Both
are shown i n Tabl e II.

The exclusion of a relatively large number of sectors

was judged an unnecessary limitation in our invest'igation
of economies of scale, since the same kind of information

was available for the South. Thus, we decided to make an

alternative estimate of "g," using the South's data.

As in the Northeast, regressing labor productivity

on average plant size under the labor classification did

not prove to be a good procedure. Again, either the co-

efficients were not significant or the goodness of fit was
33

/

Both problems occurred for fourteen out of
3li

rather poor.

^ - . .twenty sectors."'" Fortunately, under the output classifi-

cation, the coefficients were statically significant and
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the goodness of fit high. (See specification I in Table
III.) Only this classification wi11 be used in our
estimates of "g," a choice which poses two problems.
First, as argued by Johns ton,''"' the "g" estimates under the
output classification can overestimate the size elasticity
of labor productivity. This is partially confirmed in
Table II, where the "g" estimates under the labor classi-
fication are systematically lower than under the output
classification. Moreover, the differences between both
estimates are quite large, varying from 18 to 93 per cent
for the Non-Meta11ic and Metallurgy sectors, respectively.
The same pattern, in fact even more pronounced, is observed
for the two alternative estimates of "g" for the South.
Second, working with the output classification, some degree
of "efficiency" may be lost in our estimates, since the
size classification is not made in terms of the regressand.
Empirically this did not happen. For the Northeast, for
only one sector (Clothing) did the standard deviation of'
the estimate increase from one to the other classification.
In two sectors it decreased, and, in the remaining one (Non-
Metallic), it remained constant. For the South, no change
was observed. Thus, loss in efficiency does not seem to
be a problem.

To face the overestimation b i as, we made two alterna-
tive estimates under the output classification. In the
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first, we weighted the average plant size by each size

class share on industry output. In the second, the aver-

age size was weighted by each size class share on the in-

dustry labor force.^~' For brevity, let us call these

alternative specifications II and III, respectively, and

the results obtained by simply regressing labor produc-

tivity on average plant size, specification I. The results

are shown in Tab Ie III.

The first important feature of our results has to do

with the comparisons of "g" estimates for the South and

Northeast. (See the "g" estimates for the output ctassi-

fication in Table II and specification I in Table III.)

We see that not much difference can be found in the size

of the coefficient estimates of l:g" and in their corres-

ponding standard deviation. The same is not true for the

7 -^,
Labor classification. Thus, it may happen that, by work-

ing with the output classification and the South's data

to estimate "g," no serious distortion wi11 be introduced

incur adjustment of the Northeast's relative efficiency

for'economies of scale.

The second feature, as seen in Table III, is that the

results vary substantially from one specification to the

other. In the first place, the coefficient estimates of g

are significantly higher for specification I than for the

two alternatives. In the last two specifications, the

-.'•f

^"'•:':- ':^-E%Í
fe$^y%^ii^s;^;'tí€^;^
WSSSiiiëSSSSSSSÍS

; i.S?i

"Rj

M

ill
: 1111i:ii

a
;ÏE

ïi!

lli;;l

ls!ii

II
,ll
! ill
IIEi!

I
ï S §11a



E fc

E:rl:

•» 236

estimated coefficients are higher in the first than in the

second. In the second place, the goodness of fit is, in

general, better for specification III. In fact, for only

two sectors, Non-Metallic and Food, is the goodness of fit

better in specification I. In the third place, the stand-

ard deviations, though, in general, quite low in whatever

specification model we look at, are lower for specifica-
'...

tion III. Comparison of the standard deviations with the

size of the corresponding coefficients shows that, for anyof

the alternative specifications, the standard deviations are

more than twice as great as the estimated coefficient of

"g." Thus, we can conclude that the estimated coefficients

are significant.

Having discussed these features, we must choose

which "g" estimates to use in our investigation of econo-

mies of scale. Our choice was the estimates of "g" under

the specifications I and III, since they correspond to the

highest and lowest value's of "g." Though this choice is

rather arbitrary, some facts deserve comment: first,

little can be gained by comparing the alternative hypothe-

tical gain in the Northeasts labor productivity through

the "g" estimates under specifications II and III, since

the discrepancy between them is not substantial: second,

the results for specification III look better since the

goodness of fit is, generally, higher and the standard
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I

deviation lower than in the other two; third, the "g"
estimates of the first specification are generally much
higher than in the alternative specifications; fourth,

since we have used the output classification, they can
overestimate the actual labor productivity elasticity.

Thus, comparison between both estimates (the highest and
the lowest) can give us some indication of the importance
of economies of scale for the Northeast s level of labor

product i vi ty.

The correction factor qA/q., corresponding to both
estimates of (g) and to the J's associated with Moroney's
estimates are shown in columns 1 and 2, respectively, of

Table IV. Similar figures for the J's associated with

a = 1, 2 are shown in columns 3 and k, respectively. As
the data indicate, the correction factor is not sensitive
to these two alternative measures of the Northeast's

hypothetical average plant size. When the (g) estimates
under specification I are considered, the difference in

the magnitude of the correction factor qA/q-, between the

two alternative measures is largest for the Transportation

Equipment, Beverages sectors (8 per cent), and Machinery
sectors (7 per cent). For the remaining sectors, these
differences are still less significant. Under specification
Ill, these differences are even smaller: 5 per cent for

the Beverage sector and 4 per cent for the Machinery and
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TABLE IV

ALTERNATIVE "CORRECTION FACTORS" (1970)
/'

:iíË
tit.1

,f.

r

Sectors qA/q3
(1) (2) T3T TI^T

Non-Metallic }.k]0 1.206 1.412 1.206
Metallurgy 1.213 1.096 1.227 1.020
Machinery . 1.199 1.103 1.290 1.1^8
Electrical Material 1.059 1.028 1.075 1.035
Transportation Equipment 1.317 1.350 2.080 1.402
Lumber 1.282 1.189 1.293 1.196
Paper and Cardboard 1.009 1.00/1 1.099 1.004
Rubber 2.076 1.430 2.091 1.2t35
Hides and Skins 1.025 1.010 1.03^ 1.01^4
Pharmaceuticals 2.655 1.413 2.679 1.417
Textiles 1.02i) 1.012 1.025 1.012
Clothing .966 .997 .996 .997
Food 1.020 1.013 1 •03lt 1.021
Beverages 1.017 1.010 .938 .96it»
Miscellaneous 1.691 1.325 1.703 1.329

1) Specification I "g" estimates and the South's relative
average plant size (see column Í» of Table I) were used.

2) Specification III "g" estimates and the South's relative
average plant size (see column 4 of Table 1).

3) Specification I "g" estimates .and the South's relative
average plant size (see column 6 of Table I).

í») Specification III "g" estimates and the South's relative
average plantsTze (see column 6 of Table I).
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Transportation Equipment sectors. For the remaining

sectors, the differences are equal to, or less than, 3 per

cent. Therefore, we decided to work only with the correc-

tion factors estimated through the J s associated with

Moroney's o estimates, from now on referred to as specifi-

cation I and III, respectively.

As expected, the hypothetical gain in labor produc-
'»

tivity is systematically higher for specification I than

for specification III. The discrepancy between both

results become's greater, the larger the South's relative

average plant size. Here, it is likely that the hypothe-

tical ga!n in productivity can be overestimated for some

sectors like Transportation Equipment, Rubber, Pharmaceu-

ticais and Miscellaneous sectors. This overesti mat i on

bias is stronger under specification I than under specifica-

tion III. In the first case, the hypothetical gain in

labor productivity, due to economies of scale for those

four sectors, is over 70 per cent. Under specification

Ill, those "gains, though sharply reduced, remain quite

high (around 40 per cent). The opposite is true when the

South's relative average plant size approaches unity, since

the hypothetical gain in labor productivity under both

"correction factors" specifications is small (lower than

6 per cent) and the differences between them are still

lower (less than k per cent). Thus, in this latter case

under rather than overesti mat i on is more likely.
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Biases in the correction factors" estimates will

obviously adversely affect the empirical results on the

adjusted Northeast relative efficiency (q*/q^). To cope

with this, we consider it appropr!ate to compare our

estimates of the scale parameter with alternatives^'' and,

also, to investigate how these alternative estimates will

affect the results on (qA/q^).

Two independent estimates by sector of the economies

of scale parameter are shown In Table V. The first (column

1) refers to'the United States Manufacturing sector, as
4o

estimated by Moroney. "' The second estimates refer to
A1Brazil's Manufacturing sector, as estimated by A. Luque.

Both are cross-sect i on estimates, and states were used as

units of observation. Cobb-Douglas and C. E. S. (Kmenta

approximation) production function specifications were used
42

by Moroney'" and A. Luque,''' respectively.

For the United States, increasing returns to scale

are found in only five sectors: two at P < .01 (Food-

Beverages and Printing) and three at P < .05 (Furniture,

Chemicals and Miscellaneous). For the remaining sectors,

constant returns to scale prevail. For Brazil, on theother

hand, constant returns to scale is true for only two sec-

tors. Food and Beverages, and, in only one sector, decreas-

ing returns to scale occur. '^ Finally, for only four sec-

tors, Non-Meta11 i c. Hides and Skins, Food and Beverages,
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TABLE V

ECONOMIES OF SCALE PARAMETERS: UNITED STATES
/

(1957) AND BRAZIL (1970)
», I

Sectors-

Moroney's
Est i ma tes

(1)

Luque ' s
Est i mates

(2)

l':1]

^i..

i;

II

Non-Meta1 1 i c
Meta 11urgy
Mach i nery
Electrical Material
Transportation Equipment
Lumber
Paper and Cardboard
Rubber
Hides and Skins
Pha rmaceut içais
Text i1 es
Clothing and Footwear
Food
Beverages
Mi sce11aneous

1 .028
1 .020
1 .026
1 .027
.999

1.016
.998
•931*
.008
.091
.010
.0^9
.070
.070
.057

.055

.218

. 129

.2Í(6

.210

.221

.157

. 125

.080
1 .201
.846

1 . }b3
1 .037
1 .092
1.115

1) J. R. Moroney, op. cit.. Table 2.1, p. 24.

2) A. C. Luque, op. cit.. Table VI, p. 35.
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are Luque's and Moroney's estimates approximately equal and,

for only one sector. Textiles, are Luque's estimates lower

than Moroney's.

Contrasting these alternative estimates with the

"correction factors" in columns 1 and 2 in Table IV, we

see that in the Non-Metallic, Transportation Equipment,

Rubber, Pharmaceuti ca 1 s, and Miscellaneous sectors, our

estimates tend to overestimate the economies of scale

parameter. This overesti mat i on bias is stronger for

speci f i cat i on'l than for specification III. For the re-

ma!ning sectors, the discrepancies in the magnitude of

that parameter among the alternative estimates are less

significant (equal to or less than 10 per cent). Thus,

underestimation of the economies of scale parameter is a

less likely event than is overestimation.

In conclusion: first, specification I estimates are

less reliable than specification III estimates; second,

even for specification III, overesti mat i on of the economies

of scale parameter for some sectors is likely to occur. To

deal with this bias, we decided to estimate the adjusted

Northeast relative efficiency (q*/q^) for two alternative

estimates of the economies of scale parameter: specifica-

tion III and Luque's estimates respectively. Luque's

estimates are lower than ours for those sectors where over-

estimation is likely to occur, but, unlike Moroney's, they
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are slightly higher than ours for the remaining sectors.

Thus, by this procedure we reduce the overesti mat i on bias

on the one hand, and on the other, we allow for increasing

returns to scale for sectors such as Clothing.

Our estimates, Luque's, and Moroney's are not

strictly comparable. First, except for "g," our estimates,

cannot be considered statistically significant, Second,

Luque's estimates, unlike ours, are independent of any

definition of average plant" size, and, for that

matter, of the South's relative average plant

size, which ours are not. Given these factors, we con-

sidered it appropriate to follow a procedure different

from the one developed in section VIII.2 to estimate

(q*/q^) when using Luque's estimates. This alternative

procedure is fairly simple and consists of estimating a

different value for J under conditions of increasing,

decreasing, and constant returns to scale. This is simply

obtained by rewriting equation (7) in Chapter II as

J [(-lld)-Ldki! ]-v/c
(1-d) + dk:
[

-c
(7)

1

where v is the economies of scale parameter.
^1

Estimates of (q*/q^) for ours and Luque's economies

of scale are shown in columns 1 and 2, respectively of

Table VI. As expected, the (qA/q^) figures in column 1 are
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substantially greater than those in column 2 (greater than
18 per cent) for the Non-Metal1 i c, Transportation Equip-
ment. Rubber, Pharmaceuti ca 1 s and Miscellaneous sectors.
For the remaining sectors, the discrepancies between our
estimates and Luque's are smaller. In either case, re1a-
tive efficiency, except for the Non-Metallic sector, re-
mained lower in the Northeast. In fact, only for the Non-'..

Metallic sector would the Northeast's efficiency approach
the South's, if both the capi ta 1/1 abor ratioand the North-
east's average' plant size were increased. This, however,
does not hold if Luque's estimates are considered (see
column 2). On the other hand, for only two sectors,
Transportation Equipment and Lumber (see column 2), are
the differences in efficiency between the two regions
lower than 16 per cent. For the remaining sectors, these
differences are greater than 20 per cent, which indicates
that both cap?ta 1/1abor rat io and economies of scale do
not explain the across-regI on differences in average labor
product i v i ty.

Consider now the hypothe't i ca 1 gain in relative
efficiency due only to economies of scale. To clarify, we
repeated in column 3 the Northeast s relative efficiency
(q.»/q^) as estimated in Ch. VII, by hypotheti ca 11y increas-

/

'3' '2

ing the Northeast's cap;ta1/1abor ratio up to the South's
level. In columns h and 5, on the other hand, we showed
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the ratios of the adjusted (q^/q.,), columns 1 and 2,

respectively, to the unadjusted (q.,/q^) Northeast relative3' '2

efficiency. For seven sectors, the percentage hypothetical

gain in efficiency due to economies of scale is equal to,

or greater than, 10 per cent (see column lt). For the

Transportation Equipment, Rubber and Miscellaneous sectors,

that gain is greater than 30 per cent. On the other hand,

if Luque's estimates of the economies of scale parameters

are considered (see column 5), only for the Metallurgy

sector is the hypothetical gain equal to 10 per cent, and

for the Textile sector, decreasing, rather than increasing,

returns to scale occur.

The large differences between the results in columns

ít and 5, mainly for the Non-Meta11 ic. Transportation Equip-

ment. Rubber, Pharmaceutica1s, and Miscellaneous sectors,

indicate that our results on the economies of scale para-

meter should be viewed with caution since they could well

be overestimated. For the remaining sectors, suc-h bias

is less likely.

Finally, it is interesting to note that the percent-

age proportíonsof the adjusted (q*/q^) to unadjusted

(q.,/q^) Northeast relative efficiency is, on both estimates

of (qA/q^), consistently larger for the Metallurgy,

Machinery, Transportation Equipment, Lumber, and Pharmaceu-

ticais sectors than for the remaining ones.
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process-oriented character of these sectors explains this

result. For the remaining sectors it appears that the

Northeast's relative efficiency, and for that matter, labor

productivity, will not be substantially affected by increas-

ing that region's average plant size. In other words, for

most sectors, sea 1 e of the plant is not an important

factor in explaining the observed acros s-regi on differ-

ences in relative efficiency. Moreover, even when the

hypothetical gains due to economies of scale are large,

such as in the Transportation Equipment, Rubber and

Miscellaneous sectors, the across-regi on differences in

efficiency remain large.

VI I I .6 - Cone 1 us i on

A positive association between average plant size and

average labor productivity can be one factor explaining

across-region differences in relative efficiency. In this

chapter, the rationale and procedure for adjusting relative

efficiency for economies of scale were discussed.

Actual average plant size for both regions was

defined as the ratio of total employees to the total num-

ber of establishments (ï.) per sector, and the Northeast's

hypothetical average plant size was given by (L,/J), which

is sensitive to the efficiency parameter. Two measures

were made of (L,/J): one associated with Moroney's o

t .
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estimates and the other with the assumption that o = 1.2.

Thus, two measures of the South's relative plant size were
obtained (L^J/L,). The "g" estimates, on the other hand,
were found by regressing average labor productivity on

actual average plant size by sector, where each size group
was considered as an individual observation. Since two

alternative classifications of size group were available
(Labor and Output), two alternative estimates of "g" were
made. The regressions first attempted for the Northeast

for both classifications gave rather poor statistical
results for the majority of sectors. For the South's
data, however, this was true only for the labor classification.

Since the g estimates under the output d ass i f i cation

can be overestimated (see sec. VIII.3), we specified two
alternative regression models: in the first, the indepen-
dent variable (S;) was weighted by each size group share of
each sector and state level of employment; in the second,

output shares were used as weights. Only the second

alternative, which we have called specification III, was

selected. Finally, the "correction factors" associated with

both the (g) estimates and the ,two alternative measures of
the South's re 1 ative average plant size were estimated. We
found no significant differences between the "correction

factors" estimated through either of the alternative measures
of the South's relative average plant size. Since this was
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not true for the alternative (g) estimates, we selected

the "correction factors" associated with both (g) estimates

and the South's relative average plant size associated with

Moroney's a estimates.

For seven sectors (see Table IV, columns 3 and 4),

the results under specification I were substantially higher

than under specification III. In particular, for four
~<.

sectors, Transportation Equipment, Rubber, Pharmaceu-

ticais and Miscellaneous, the suggested gain in the North-

east's relative efficiency due to economies of scale was

rather high (over 70 per cent). For the remaining sectors,

there was not much difference between both "correction

factors" estimates, and the suggested hypothetical gain

was low. These results are a possible indication that both

over-and under-estimat i on cou1 d be present. To check this,

two independent estimates of the economies of scale para-

meters were shown: one estimated by Moroney and the other

by Luque, for the United States' and Brazil's manufacturing

sectors, respectively. Comparing their esti mates with ours

we concluded that some of our results, mainly under speci-

fication I, were overestimated, but that the underestima-

tion bias was less likely. Since the indication of upward

bias was stronger for the ''correction factors" under speci-

ficatïons I and III, only the second was used for estimat-

ing the adjusted Northeast relative efficiency (qA/q^).
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The same estimation was made by using Luque's economies
of scale parameters.

For eight sectors (see Table VI, columns 1( and 5),
the differences between the results on the hypothetical
gain in the Northeast's relative efficiency due to econo-
mies of scale was small. For these sectors, except
Metallurgy, constant, rather than increasing, returns to
scale prevailed. For the remaining seven sectors, on the
other hand, the differences between both estimates were
rather high, t-eaching the highest level for the Non-
Metallic and Miscellaneous sectors. Thus, for these
seven sectors and also for Metallurgy, the hypothetical
gain in the Northeast's relative efficiency due to econo-
mies of scale is high under either estimate of (qA/q^).
Obviously, they are much higher if our estimates of the
economies of scale parameters, rather than Luque's, are
considered. This divergency suggests that caution is
advisable when choosing one of the two estimates as an
indication of the hypothetical gain which may occur as
average plant size Tn the Northeast's manufacturing sec-
tor is increased. We must remember that, -for seven
sectors, constant returns to scale prevail, and also, the
hypothetical increases in average plant size (see Table I,
column d) were much higher than the corresponding gain in
efficiency. All these facts show that large-scale plants
are not the solution for low efficiency in the Northeast.
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r • FOOTNOTES TO CHAPTER VIII

1
This definition, like any other, has its positive

and negative aspects. Later in this chapter we will deal
with some of these.

2
Note that U^ = L /E = (L^/E)(L /L,) = F^/J.

In this case, the South's hypothetical average
plant size is

U^ = L^/E = (L^/EXL^/L^) = 4J/E

s i nce

L4/L2

4

L3/L1 J.

It is true that the absolute value of Northeast's
output would be increased by this adjustment, but not its
labor productivity. It can be also seen that if across-
region differences in capita I/1abor ratios and average
plant size were "all that matter" at C labor productivity
would be equal in both regions.

5
Note that q., is the hypothetical level of Northeast'3

A

labor productivity associated with correction for differ-
ences in capital/labor ratio only. On the other hand, q
is the hypothetical
i.e., capital/labor

6.

level associated with both adjustments,
ratio and average plant size.

Note t
average plant
capital and 1

7-

hat dL/L, i.e., the percentage change in
size takes place along ray OS. Thus, both

abor are increased proportionately.

reatment of economies of scale was first
K. C. Clague, La Eficiência Económica en el
tados Unidos, unpublished monography (HarvardUniversity, 1966), pp. 9-12 .
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'This t
developed by
Peru y los Es
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The alternative method for sea l e adjustment can besummarized as follows: consider

r

g ^ log q* - 1og q /1og L^ - 1og L
•3

/

multiplying both numerator and denominator by (-1) wehave

9 _^ log q^ - log q*/1og L^ - log L^.
">..

The size elasticity of productivity is invariant if weassume that theSouth increases or the Northeast decreasesits average plant size. In this latter case we would have:
1 og

9.

(q^qA) ^g log (L^ J/L^) ^_ g Log (F,/4J)-

This convenient aspect, as indicated by Johnston,makes the use of double-log transformation common in econo-metric studies. See J. Johnston, Econometric Methods,edition (McGraw H í l I Book Co., NewYork,]972T,-Ch.3,pp. 51-52.
2nd

10-

isThe effect of log transformation on distributionbriefly treated by F. E. Croxton and D. J. Cowden,Practical Business Statistics, 3rd edition (Prent?ceHa11,Tn^77-^nïrewood-C-ÍTff7-N^^-,1 960), Ch. 18, pp. 260-263.On the question of homocedasti c ity see D. J. Smith andothers, "The Measurement of Firm Size: Theory and Evidencefor the United States and United Kingdom." Review ofEconomic and Statistics, vol. LVIt I , n. 1, Feb. 1975,pp. 111-11Í(.

Since data on individual plants are not available,class size will be considered as the unit of observation.
See, on this, S. S.

Measurement of Firm Size,"
vol. LIX, n. 3, Aug. 1977, PP
of alternative definitions
Ba 1 assa,
Economi a

Shalit and U. ïankar,
Review of Economic and

'The
Stat i st i cs,

213.

290-298. For a discussion
of plant size, see also Bela"Economies of Scale in the European Common Market,"lnternazÍonale, vol. XIV, n. 2, March 1961, pp. 199-
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13,
_c_Ll-. PGriliches and Rings taad, op

authors have also noted that the labor
also more convenient for a form of estimation
grouping into employment size categories

12. These
measu re ". . . is

based on

reduces significantly the endogeinity problem." Ibid.,loc. ci t.

1 b.
K. C. dague, Economic Efficiency . . . , op^__c]_t_. ,pp. 36-37.

Suppose we have two given plants with the same level
of resources employment but with different production
levels. Obviously, the one with greater output level wouldbe larger than the other.

16For further discussion of the (L/E) and (Y/E)
measures, see Bela Balassa, op. c?t., pp. 203-206, and
M. Frankel, op. cit., pp. 108-109.

K. C. Clague, Economic Efficiency . . . , op. cit.,pp. AO-AI .

For further discussion about the intercorrel a t ion
between different measures of plant size, see David J.
Smith and others, 1oc. cit.

See J. Johnston, Statistical Cost Analysis (McGrawHill Co., Inc., New York, I960),~Ch. 3, PP. 111-130.
20

Note that if, as the average plant size increases,
the output is increased pari passu with a reduction in
labor force, regressing average labor productivity on
average plant size can, in this case, underestimate the
size elasticity of labor productivity.

21

/

22
M. C. Fleming, op. cit., pp. 223-228.
F. Harbison, op. cit., pp. 365~37!<-

2

In this section we will deal or)1y wi-th more aggregated
data, since we do not have size class classification for alower level of aggregation.

As we have seen (sec. V1.3)> most of the observed
paradoxical observations were due to the low across-
region differences in relative factor prices rather than
to a higher capita1/1abor ratio in the Northeast.
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Hypothetical average plant size associated withMoroney's estimates.

'This conclusion will be reversed if, instead ofincreasing, we have decreasing returns to scale.
See, on this, Y. Haitovsky, "Unbiased Multiple Co-efficients Estimated from One Way Classification Tableswhen the Cross Classifications Are Unknown," Jouj-na} ofthe American Statistical Association, vol. 61, n. 315,June 1966, pp. 720-728. See also, J. Kmenta, Elements ofEconometrics (The MacMillan Company, New York,1970,pp. 320-329/

J. S. Cramer, 'Efficient Grouping, Regression andCorrelation in Enge1 Curve Analysis," Journal of the
American Statist i ca] Assoei at ion^, vol. 59, n. 305, March1964, pp. 223-250.

2

J. Kmenta, op. cit., pp. 322-329.

The loss of efficiency can be overcome if anothermethod, rather than 0. L. S. is used. See, on this, J.Kmenta, pp. c it., pp. 322-329. See also, J. Johnston,Econometric Methods, op. cit., pp. 228-238.
31

32,
J. S. Cramer, op. cit., pp. 236-239.

Actually, if we had aggregated regional data, wewould not have enough observations to estimate "g.l;
33R2 adjusted for degree of freedom less than 10 percent.

3Í»,
For one sector (Tobacco), there were not enoughobservations. For the remaining six sectors, the resultsare:

Sectors

Non-Metal1ic

Meta 11urgy

Transportation

Rubber

Cosmet ïcs

Printing

(g)
.17ít

(.085)
. 18^»

(.046)
. 129

(.055)
. 139

(.073)
.301

(.079)
. 187

(.065)

R2
.135

.^13

.209

. 148

•í(75

.299
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Note that the latter two results are not relevant to our
purpose since they correspond to what we have calledparadoxical observations in Ch. VI, sec. VI.3.

J. Johnston, Statistical Cost Analysis, o^_.__c]_t_. ,pp. ni-130.

The two regressions equations are respectively:

VABi ,L. ,9q = a/. t TÍ-TR-'- (^-) ]
i .lo l VAB VE/

i

q-ao[^^),l°
where

thVAB, = the i size class output level in a given sec-
tor and state. Similarly for L..

VAB = each state output in a given sector. Similarlyfor L.

37
Compare the results on footnote 32t with these,corresponding to specification I in Table III.
As we noted before, the discrepancy between thetwo alternative measures of the Northeast's hypotheticalaverage plant size was largest for these three sectors.
It should be noted that the "correction factors" areequal to one plus the scale parameters.

40
J. R. Moroney, op. cl t . , p. 2^.

í(1

A. C. Luque, op. cit., p. 35. Luqüe has two estimatesfor the scale elasticity. In the first, he did not allowforexternal economies; in the second, he did. Sectoralvalue added for each state was used as a proxy for exter-nal economies. We chose Luque's second estimate, thoughthe difference between them was not significant.
í»2

For the actual specification, see J. R. Moroney,qp. c^. , p. 20.
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1*3,

í»4,

^,

See A. C. Luque, op. cit., p. 23.

See J. R. Moroney, op. cit., p. 25.

For the Tobacco sector, the economies of scale
parameter was also significantly greater than unity. For
this sector, and also for the others, the significance
level was 10 per cent. See, A. C. Luque, op. cit., p. 3^.

í»6.
The Textiles sector is an exception, since decreas-

ing returns to scale are indicated in Luque's estimates.
In ours, on the other hand, constant returns to scale seem
to be the case.

To be consistent with our procedure in Ch. VII,
Moroney's estimates and cap i ta l/1abor ratios are assumed
to be adjusted for capacity utilization.

48-.
These sectors' hypothetical gains are much higher

under our estimates than under Luque's, varying from 20
per cent for the Non-Metallic to approximately z»2 per cent
for Rubber and Pharmaceuti ca 1 s. For Transportation and
Miscellaneous sectors, this percentage would have been
35 and 32 per cent, respectively. These high percentages
indicate that our estimates could have been overestimated.
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CHAPTER IX

CONCLUSIONS

/

IX.1 Introduction

This study has concentrated on the analysis of across-

region differences in average labor productivity in Brazil's

manufacturing sector at the two-digit level of aggregation

and lower. Basically, we have investigated how the observed

differences could be explained by differences in capita1/

labor ratios and economies of scale.

IX.2 - Summary and Conclusions

Adjustments for capita 1/1abor ratios and/or economies

of scale did not, for most sectors, explain all of the

difference s in labor productivity between the Northeast

and the South of Brazil. The contribution of each of these

two factors varies among sectors, and that of capital/labor

ratio is, in general, higher than that of economies of scale.

At the branch level, adjustment for cap ita1/1abor ratios was

also made, and many differences in labor productivity were

1 eft unexp1 aIned.

The fact that differences in cap ita1/1abor ratios do

not explain differences in labor productivity is not new.
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I 2Earlier, Arrow et aj^.,' Clague,4' and Nelson,'' among others,

reached the same conclusion. The innovative features of
the present study were that similar results were found in a
regional context, both alternative values of a were assumed,
and capacity utilization level was included. Another
important aspect of this study was the comparison of the
hypothetical percentage increase in the cap ita1/1abor ratio
with that in labor productivity. This revealed that ?n-
creases Ín cap i ta 1/1abor ratios at both levels of aggrega-
t?on were much larger than those in labor productivity.

The analytical framework for dealing with capita1/
labor ratio differences and economies of scale was discussed
in Chapters I I and VIII.

Since data on both capita] stock and capital price
were unavailable, this Fnformation had to be computed.
Capital stock was computed by using 1959 book value infor-
mation and the flow of gross investment thereafter. The
estimated capital stock was assumed to be net of accumulated
depreciation since, as discussed in section IV.4, census
data are likely to- underestimate actual capital formation.
However, Indirect evidence on actual replacement charges,
through investment in modernization projects, was available
for the Northeast, Half of this investment was assumed to
be equal to actual replacement charges. The assumed depre-
c?atl on charges were insignificant, either in absolute terms,
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or as a proportion of each sector's capital stock. This,

however, was not true for the Non-MetalIic and Textile

sectors, and depreciation charges were included for these
two.

Measurement errors, market imperfections, and the

large across-regi on differences in rates of return precluded ,.

their use as proxies for capital prices. Therefore, an

alternative measure of the South's relative capital price

was computed (see sec. V.3.1). We found that capital cost

was lower in the Northeast than in the South" because

SUDENE's fiscal incentives artificially lowered it. More-

over, the composition of financing (internal vs. external

funds; see sec. V.3.2) of fixed capital indicated that

SUDENE's fiscal incentives were the most important factor

accounting for the observed across-region differences in

capital cos t.

Labor costs (average wage rates) were discussed in

Chapter V!, as were relative factor costs and relative

factor proportions. Labor costs, with several exceptions,

were consistently lower in the Northeast than in the South.

However, because of the lower capital cost-, relative factor

cost was not always lower in the Northeast. Cap i ta 1/1abor

ratios were also not always lower in the Northeast. Thus,

for 5 out of 21 sectors and 15 out of i(6 branches, factor

combinations were tnconsístent with factor price signals.
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We attempted to rationalize these inconsistencies (see sec.
VI.3). In some cases, capacity utilization (discussed in
Chapter IV, section IV.6) explained them. In others, we
argued that either one or any combination of the following:
limited factor substitutabi 1 íty, age compositïon of capital
stock by region and non-cost minimization, could be explana- ,
tory factors.

The elasticity of substitution (a) and the efficiency
parameter (J) were estimated in Chapter Vtl. The elasticity
of substitution (o) estimates were obtained through equation
(5). These estimates are sensitive to the values of the
the variables since, for each sector or industrial branch,
only two observations either on relative cap i tal/1abor
ratios or relative factor prices are available. In spite of
this limitation, the estimation procedure has some positive
aspects, i.e., independence of: i) assumption of profit
maximization, ii) economies of scale parameter, iii) prices
of output. Moreover, comparison with alternative estimates
(see Table I, Ch. VII) for the Brazilian manufacturing
sector indicated that, for some sectors, our estimates were
quite robust.

Comparison of the a estimates at both sector and
branch levels indicated that the values of a tended to be
slightly higher in the branches. More important, there was
correspondence between estimates for a given sector and its
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component branches. (This was not true for between-sector
est i mates. )

The Northeast's relative efficiency was estimated in
section VII.3. Though o and J are positively associated,
this association was not strong either at the sector or
branch level. Alternative values of o were assumed, ranging
from lower than unity (Moroney's estimates) to o = 2. tn
between we set o = 1,2. The changes in the values of J,
given such a large change in a, were small. Therefore, we
concluded that measurement errors in o are not a serious
drawback to our empirical results which indicated that
across-region differences in cap i ta 1/1abor ratios did not
explain many of the differences in labor productivity.

Finally, in Chapter VIII we investigated the extent to
which economies of scale could reduce the unexplained
residuals. First, the sensitivity of the results to alter-
native measures of the South's relative plant size and for
different spec i f i cat iorrs of the simple regression equation,
was assumed. Second, two independent estimates of the
economies of scale parameters, one for the United States
(Moroney's), and the other for Brazil (Luque's) were con-
sidered. Comparison of these estimates with each other and
with ours indicated that ours could have been upward-b iased
for some sectors, since differences between ours and the two
alternative estFmates were the highest. This upward bias
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suggests caution in accepting some of our esttmgtes. There-
fore, we used two estimates of the economies of scale para-
meters (ours and Luque's) for adjusting the Northeast's
relative efficiency (q,/q^) for economies of scale.

Under both estimates, relative efficiency, except for
the non-Meta1 l i c Sector (for our estimates only), remained
lower in the Northeast. On the other hand, for only two
sectors. Transportation Equipment and Lumber (for our esti-
mates only), are the differences in efficiency between the
two regions lower than 16 per cent. For the remaining
sectors, and for all sectors in Luque s estimates, these
differences were larger than 20 per cent.

IX.3 - Implications for Policy

8Low capital intensiveness was considered by the GTDN
(see Ch. 1.2) to have been the main reason for the low leve
of labor productivity in the Northeast's manufacturing
sector, with economies of scale also being an important
factor. Our results do not substantiate this claim. An
increase In the capita1/labor ratio and/or in the average
plant size did not make up for the across-reg i.on differ-
ences ïn labor productivity. Thïs is more relevant since
both regions* capital stock was adjusted for capacity
útilízat i on.
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The magnitude of the unexplained residuals, however,
varies greatly among sectors. So does the role of the
capita l/1abor ratio and scale of the plant in reducing the
differences in labor productivity between the two regions.
These variations can be revealing in terms of policy im-
pli cat ions. ,

In Table I we repeat the data on the Northeast's
relative productivity (qi/qo), relative efficiency (q^/q^),
and the adjusted relative efficiency (q*/q^) in columns 1,
2 and 3, respectively. The Increase in the Northeast's
relative labor productivity explained by cap?ta1/1abor
ratios and economies of scale is shown in columns i» and 5,
respectively. This is obtained by subtracting: first,
column 2 from column 1, second, column 3 from column 2.
The addition of these two increases is the explained residual.
In column 6 we show the unexplained residuals (100 minus the
adjusted efficiency).

For one sector, Non-Meta11 ic, the unexplained residuals
approach zero and, for two others. Transportation Equipment
and Lumber, they are very low.- Thus, for these three sec-
tors, both capíta1/1abor ratio and scale seem to be most
effective in reducing the across-region differences in labor
productivity. To a lesser extent, the same can be said for
the Metallurgy, Electrical Material, Beverages and Miscellan-
ecus sectors since their level of unexplained residuals is
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relatively low and the explained residuals are fairly large.
For the remaining eight sectors, this is not true, since
either the unexplained residuals are fairly large and/or
the explained residuals are fairly low, as in the Machinery,
Paper, Textiles and Clothing sectors. For the Rubber and
Pharmaceut?ca 1 s sectors, on the other hand, the explained

gresiduals are larger but scare the unexplained ones. The
low level of the Northeast's relative labor productivity (see
column 1) for these two sectors partly explains this. The
same is also true, to some extent, for the Hides and Skins
and Food sectors. In summary, capita1-intensiveness and
scale of the plant were important factors in reducing the
sizeable across-regi on differences in labor productivity in
seven sectors,whereas for the remaining eight sectors
emphasis on the capita1/1abor ratio and scale of the plant
dïd not explain much.

Another implication for policy to be drawn from our
empirical results concerns the relative importance of the
capital/labor ratio and economies of scale in explaining
the differences in labor productivity. As the data show
(see columns 4 and 5), for three sectors only, Non-Metallic
Rubber and Miscellaneous, does the scale factor seem more
important than the cap?ta1/1abor ratio. For the remaining
twelve sectors, either both factors seem to be equally
important, as for the Machinery, Paper, Textiles and Clothing
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266sectors, or the cap i ta 1/1abor ratio factor seems to be
crucial. For the eight sectors.'" medium and small-scale
plants could have great relevance. First, they can use
fairly modern technology without excess i vê investment !n
capital per worker. This is relevant since if, on one hand,
the increases in the Northeast's relative labor productivity ,
due to the cap i ta 1/1abor ratio may be fairly large, on the
other, the corresponding increases in those ratios are much
higher. In other words, the increase in Northeast's labor
productivity has to be weighted against its investment cost.
Second, smaller scale plants usually require a lower level
of management effort and labor skill, both scarce in this
region. Moreoever, medium-and small-scale plants can mean
more job opportunities and a more widespread increase in
labor productivity. This does not imply that an across-the-
board emphasis on small-and/or medium-scale plants over
large-scale and up-to-date technology is recommended. It
only indicates that, for those eight sectors, medium-and-
small-scale plants might be efficient units of production in
the Northeast, and could make an important contri but i on-to
the region's growth.

IX.4 - L imitations of the Study and Some Suggestions for
Additional Research

The limitations of this study are many, and we will
classify them in two groups. In the first are the assumptions
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267
about competitive conditions, neutrality of technological
progress, and the a priori spec ificat ion of a C. E. S.
production function. In the second, are factors such as
management, labor skill, and others which are likely to
differ between the two regions, and were not treated in our
study. Since our focus was on the role of the capita1/
labor ratio and economies of scale in explaining the across-
regí on differences in labor productivity these other
factors are only briefly mentioned as relevant topics for
further research.

Let us consider the first groupof limitations. Com-
petitive conditions in both input and output markets and
also an identical C.E.S. production function (except for
the efficiency parameter) were assumed to prevail in both
regions. Both assumptions, it could be argued, impose serious
limitations on our results. First, competitive conditions
seldom prevail in the real world, and less so in regions
where rapid industrialization and structural changes are
taking place. Absence of competitive conditions, on the
other hand, is damaging to the related maintained hypothesis
of cost minimization. Second, it is debatable that the
elasticity of substitution remains constant along a given
isoquant. Third, production functions may differ between
reg ions.
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268Non-cost minimization is most damaging to the estima-
tion of the elasticity of substitution. However, as we have
seen, our results are not sensitive to the magnitude of o.
Thus, even if entrepreneurs are not cost minimizers, our
conclusion suffers little, if any, damage. The same reason-
ing applies to the assumption of a constant o, and we can

11 12argue along w?th both Griliches and Nelson that a is a
second order parameter in the determination of average labor
productivity, as sensitivity analysis has confirmed. In
spite of this," it is likely that specification of a more
general production function would yield different results
from ours. Whether a more general production function
would increase the role of both cap)ta1/1abor ratio and
scale in explaining the differences in labor productivity is
an empirical question. Limitations of our data precluded a
more general approach.

Non-identi ca I production functions for a given sector
or branch in both regions can be damaging; i.e., comparison
of points A and B in Diagram I (see Ch. II) would be mis-
leading. If we assume, for example, th'at capital is more
productive in the South than in the Northeast, there would
be no reason to expect that, as the Northeast hypotheti cal1y
increases its cap i tal/1abor ratio up to the South's level,
its efficiency would be equalized at that level. This is
also true for the efficiency of labor.
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The claim of "different" production functions, however,

could justify virtually everything. Without empirical

evidence to support this claim, the assumption of identical

production functions is a more reasonable one for the

researcher. Moreover, as we have argued, for two regions

such as the South and Northeast of Brazil undergoing rapid

industra1 ization at the same time, it is more likely that

the production functions for each sector or branch in both

regions would be identical, except for the efficiency para-

meter. Nonetheless, across-regi on differences in average

age of plants and in the craft sector, by industry, lend

some support to the "different" production function argu-

ment. These differences, mainly in the craft sector, prob-

ably explain some of the differences in average labor
l 4

product i v í ty.

Consider next the second group of limitations. The

sizeable unexplained residuals for the majority of the

sectors suggest that factors other than capital/labor ratios

and economies of scale are relevant in explaining the differ-

encesin labor productivity, and their exclusion is a limita-

t ion of thi s study.

Better management is more efficient !n: i) combining

factors of production; ii) choosing technology; iii) set-

ting the scale of the plant; iv) adjusting the level of

production to changes in demand; v) procuring raw materials,
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replacement parts and financing. Better management is

generally reflected in lower unit cost of production.

Assuming that management quality is higher in the South

than in the Northeast, the low level of the efficiency of

the Northeast can be partially explained by its shortage

of management skill.

Average years of schooling did not differ much between

the Northeast and the South. Still lower were the across-

region differences in the "qua 1 ity-based" index in education

(see sec. VI.2). Thus, skill differences may have a lesser

importance in explaining the differences in labor produc-

tïvity. However, we have also seen (sec. VI.2) that average

nominal wage rate tends to increase with the length of time

in the firm. Thus, if formal education does not mean large

differences in skill between the two regions, informal

education, i.e., on the job training, can be important.

The comparatively recent industrialization drive in the North-

east has brought fewer opportunities for on the job training,

and, hence, the fitness of labor for industrial work may be

higher in the South. The low level of integration of the

Northeast's manufacturing sector, its dependence on inputs

from the South, its limited access to national and inter-

national markets and its low level of income indicate that

external economies favor its plants less than the South s.

Both skill differences and external economies probably also

account for part of the large unexplained residuals.
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Another interesting topic in this area Is the possible

role that product mix differences and oligopolistic practices

in fixing the price of final products could have on the

interregional differences in average labor productivity.

Though our results at the branch level did not indicate

that lower levels of aggregation were associated with smaller,

differences in average labor productivity, it might happen

that, for a given product (identical or approximate 1 y so

in both regions), productivity differences are smaller than

our data have -indicated. This could also be true for

oligopolistic practi cês, s ince part of the higher value

added in the South can be explained, not by higher efficiency,

but by higher output prices.
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FOOTNOTES TO CHAPTER IX

Arrow et a1., op. cit., pp. 242-243.
"K. C. Clague, op. cit., pp. 12í(-132.
3,

í(,

R. R. Nelson, and others, op. cit., pp. 98-103.
l-,

For the Tex-tiles sector, investment In modernization
was equated to actual depreciation charges.

Sector estimates of the South's relative capital cost
were assumed for each sector s component branches, sincewe have no data at branch level on SUDENE's fiscal incen-
t i vês.

By "explained" here, we mean that across-regi ondifferences in capacity utilization "flipped over the
relative cap i tal/1abor ratio.

7

8

See Ch. tl, sec. t l.5.

GTDN, op. cit., p. 301 .

We view the results for the Rubber sector with skep-
tïc?sm. A large proportion of this sector's output isaccounted by the branch Pneumatic Tire Reconditioning (58per cent, a similar figure for the South is only li per cent).
This activity is generally labor intensive and, from atechnical point of view, is unlikely to have conditions fora large increase in both cap i tal/1abor ratio and scale.

Metallurgy, Electrical Material, Transportation
Equipment, Lumber, Hides and Skins, Pharmaceuti ca 1 s ,
Food and Beverages.

11Z. Griliches, in M. Brown ed., op. cit., p. 285.
12R. R. Nelson. "The C.E. S. Production Function and

Growth Projections," op. ç^i t. , pp. 326-328.
Note that the selected states by region are the ones

with a higher pace of industrialization by region. More-over, this assumption is fairly common in the literatureeven when different countries at different stages of
272
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273 r,

development are considered. See Arrow et
pp. 232-233; K. C. dague, op. cit., pp.

cït. ,

al . , op . ci t. ,
LI

e

others, op 5-9; R. Nelson and
PP. 91-92, among others. Moreover, as

indicated by R. Solow, "The point of analysing interregional
cross-sections is the chance that technology is much more
homogeneous across regions than across countries at widely
different levels of development." R. So1ow, op. cit., p. 118.

1Í(
Nelson, for example, has argued that "dualism" in

industrial structure in less developed countries where new
technology (according to the technological lead, product
cycle theories) is introduced at a slower pace than in the
developed countries, is a key factor explaining international
differences in ave'*rage labor productivity. He even states
that the greater the weight of the craft sector, the lower
the average labor productivity of a given country. His
argument can be translated with less impact into a regional
framework. See R. R. Nelson and others, op. cit., pp. 103-127.

It has been argued that management quality and size
are pôs i tively associated. If so, our adjustment for
economies of scale may have included some of the differ-
ences in management quality between the regions. Also,
those estimates would be an overesti mat i on of the scale
effect on 1abor product i vity. See C. Clague, Economic
Efficiency in Peru and the Un j ted States, op. ci t., pp. ] 3 0 -T3T7

•S !

11 n
<

f

/\r(i

•ï
:!<

â^. ^
lilli
M

ill!

^. It

IIJj.
:?!!^
'[S X.iyS€i

s:<^
-;iigÍï^.'/!
':;|^N-



v^K'g&^SS^s.^

A.

:.i

~j
l í ^

ie

REFERENCES
.'

Albuquerque, R. C. de. and Albuquerque, C. C. de.
Desenvolvimento Regional no Brasil--Série Estudos
para Planejamento. Rio de Janeiro: IPEA, 1976, no. 6.

Arrow, Kenneth, J., Chenery, H. B., Minhas, B. S., and
Solow, R. M., "Cap i ta 1-Labor Substitution and Economic
Efficiency.1'1- Review of Economics and Statistics,
í»3 (August 1961): 22^-50.

Bacha, E. L.; Mata, M. da; and Modenesi, R. L. Encargos
Trabalhistas e Absorção de Mão de Obra. Colecão

IPEA, 1972,

I

.Ill

Relatórios de Peíquisa.
no. 12.

Rio de Janeiro:

t<.

Bacha, E. L.; Araújo, A. B.; Mata, M. da.; and Modenesi,
R. L. Análise Governamental de Projetos de tnvesti-
mento no Brasil: Procedimentos e Recomendaco~es :
Colecao Relatórios de Pesquisa. Rio de Janeiro:
IPEA, 1971. no. 1.

Baer, W. Industrialization and Economic Development in
Brazil. Homewood, 111.: Richard D. Irwin, Inc., 1965.

Balassa, B. "Economies of Scale Ïn the European Common
Market," Economia lnternazionale, XIV (March 196l),<
pp. 199-213.

Baltar, Paulo Eduardo de Andrade. "Salário e Produtividade
na Estrutura Industrial de 1970>" Rio de Janeiro:
V National Meeting of Brazilian Economic Assoe i at ion--
ANPEC (December 1978) (Mimeographed).

Banco Central do Brasil. Various issues. Boletim do Banco
Central do Brasil. Brasilia.

Banco, do Nordeste do Brasil (BNB). "Sondagema Conjuntural
na Industria de Transformação," Revista Económica, 2
(Jan.-March 1971), PP. 73-90.

Barna, T. "On Measuring Capital," in The Theory of Capital,
ed. D. C. Hague. New York: St. Martin's Press, Inc.,
1961, pp. 75-9^.

2 7 í»

•"'
•!ï:

;(!S l

l]fr(|

Art

. ü<

V. L

li .1

!|!L
I^CTS"

^:1 IÍS
lllXtíl
ijifâlN



^^^w^w^-:—,--

-• 275

Boddy, R. "Recent Empirical Studies of the CES and Related
Production Functions: Comment, In The Theory and
Empirical Analysis of Production, cd. M. Brown, New
York: National Bureau of Economic Research, 1967,
pp. 127-133.

Bonelli, Regis. Tecnologia e Crescimento Industrial: a
experiência brazileira nos anos 60. Série Monográfica.
Rio de Janeiro: IPEA, 1976, no. 25.

Borts, H. and Mishan, E. J., "Exploring the Uneconomic
Region of the Production Function," Review of Economic
Studies, 29 (October 1962), pp. 300-yT2~

/.

Brown, Murray.
C h_a^n g e^.
Ï966.

On the Theory and Measurement of Technological.
Cambridge, Eng.: Cambridge University Press,

Chr i s tensen ,
dental
Econom ï c

L. R.: Jorgenson, D. W.; Lau, L. J. "Transcen-
Logarithmic Production Function," Review of

and Statistics, 55 (February 1 973) , 7p .^8-^5.

Clague, K. C.
States.

E c onpm i c E f f i c i e n c y i n Peru and t he United
Ph.D. Dissertation, Harvard University, 1965.

La Eficiência Económica en e1 Peru y los Estados
Unidos. Unpublished Monograph:
1966. (Mimeographed.)

Harvard University,

Cramer, J. S. "Efficient Grouping, Regression and Correlation
in Engel Curve Analysis," Journal of the American
Statistical Association, 59 (March 1964), pp. 223-250.

Croxton, F. E. and Cowden, D. J. Practical Business
• Statistics, 3rd edition, Englewoods Cliffs, N. Jersey:
Prentice-Hal1, Inc., I960.

Cunha, Paulo, V. da and Bone11i R. "Estrutura de Salários
Industrials no Brasil,II Rio de Janeiro: V National
Meeting of Brazilian Economic Association - ANPEC
^December 1978). (Mimeographed.)

Denison, Edward F. "Theoretical Aspects of Quality Change,
Capital Consumption and Net Capital Formation," in
Problems ofC apitai Formation--Concepts,Measurement,
and Controlling Factors. Princeton: National Bureau
of Economic Research, 1957, pp. 215-61.

^r
ie

B?

.(!S I

Ill1"
1:11::!
lilli. ^
il^^rfl

;;llii1 ;

l!!i

I!

lli.1 ü<

II!

:l!i

-ri!i

•l v, U
l'i1

;lll

s
ill!

iiilli

lliil

-li
-II

•'I

:M
:lïl|

.x
!iii'sy
111|||
11; sSw



276

Departmento Nacional de Mão de Obra (DNMO). Mercado de
Trabalho - Composição e Distribuição da MSo de Obra.
Ministério
1970.

do Trabalho e P rev i de n c Í a Soei al,1969,

Domar, E. "The Cap i ta 1--Output Ratio in the Un
Its Variation and Stability," in Theory o
Ed. D. C. Hague. New York: St. Martin'
1961, pp. 95-117.

in the Uni ted States ,
Theory of Capital.

s Press ,

Eisner, R. "Capital, Labor and
Comment," in The Behavior
Theoretical and Empirical Issues.

Income i n
of I ncome

Manufactu ring:
Shares--Se1ected

l ^

National
137.

Bureau of Economic
P r i nceton:

Research, 1964, pp 128-

Measurement of Productive Efficiency,"
the Royal Statistical Society, Series

Farrel, M. J. "The
in Journal of
A (General), 120, Part II m 957Ï, PP. 2 56-58.

Fishow, A. "Origens e Consequências da Substituição de
Importação no Brasil," in Formação Economrca do
Brasil: A Experiência da l ndtlstr i a1 i zacâo . eds.
Flavio R. Versiani and
Paulo: Edição Saraiva

José R. M.
(1977), pp

de Barras,
41-63.

São

Fleming, M. C. "lnter-F!rm Differences in Productivity and
their Relation to Occupational Structure and Size of
Firm," The Manchester School of Economics and Social
Studies, 38 (September 1970), pp. 223-2^5.

Frankel, Marvin. "Ang1o-Amerï can Productivity Differences:
Their Magnitude and Some Causes," American Economic
Review, 45 (May 1955), PP. 9I»-112.

Fundação Getulio Vargas.
Económica. Rio de

Various
Janeiro.

Issues. Conjuntura

Fundação Instituto Brasileiro de Geografia e Estatística
(FIBGE). Censo Industrial 1970. Rio de Janeiro,
197A.

Produção Industrial, 1962-1969. Rio de Janeiro:
FlBGE/DEICOM.

Furtado, C. Diagnosis of the Brazilian Crisis , Berkeley:
University of California Press, 19E>5.

^

LAr
ssue

; í i

li!Í:l

•i-/
il|jj%.-; \
illi"-A''
Notes l
I. Jnln

;1 ;1
<

1|t%: •
• llifc
llll. An

lli
lllii!

-I •1

lljf

III. Ui

IV, í|

•;?"•

-^
y:1
•-a

i

'^•"^^.sjf'-;
\!s'!iï^ï'w

i



^ -- •s'".-*™

277

Galenson, W. and Liebenstein, H, "Investment Criteria,
Productivity and Economic Development^' (luarterly
Journal of Economic, 69 (August 1955)., pp. 343-370.

Goodman, D. E. and Albuquerque, R. C. de. Incentivos â
l ndustria1i sacão e Desenvolvimento do Nordeste:

Rio de Janeiro;

Ar
:ue

Cdecao Relatórios de Pesquisa.
IPEA, 1970, no. 20.

l

Goodman, D. E., Sena, J. F.; Albuquerque, R. C. de. "Fiscal
Incentives for the Industrialization of the Northeast
of Brazil and the Choices of Techniques," Brazilian
Economic Studies, 1 (1975), PP. 201-226.

Griliches, Zvi. "Production Functions in Manufacturing:
Some Preliminary Results," in The Theory and Empirical
Analysis of Production, éd. M. Brown, New York:
National Bureau of Economic Research, 19&7, PP. 275-
322.

Griliches, Zvi, and Ringstaad, V. Economies of Scale an^
the Form of the Production Function, Amsterdam:
North Holland Publishing Co., 1971.

Haitovsky, Y. '-Unbiased Multiple Coefficients Estimated
from one way Classification Tables when the Cross
Classifications Are Unknown," Journal of the
American Statistical Association,el(June1966),

t ^

pp 720-728.

Harbinson, F. W.
i n Econom i c
Economics, 70

"Entrepreneurial Organization as a
Development," Quarterly Journal of

Factor

(August 1956), pp. 362<-379.

Hardin, Einar and Strassman, W. P. ''La Productividad
Industrial y la Intensidad de Capital de Mexico y 1os
Estados Unidos," El Trimestre Económico, 35 (Jan.-
March 1968), pp 51-62.

Hicks, J. R. "The Measurement of Capital in the Relation to
the Measurement of other Economic Aggregates," in
Theory of Cap i tal, ed. D. C. Hague. New York: St.
Martin's Press, Inc., 1961, pp. 18-31.

Ins

f n In

(

Ari

i,: ;'i

Ëï.;s|
'-'.^

l.'tí

II
';li'

V. L

:'?•

Hirschman, A. 0. Journeys Toward Progress. New York:
The Twentieth Century Fund, 1963.

"Industrial Development in the Brazilian Northeast
~a7Td the Tax Credit Scheme of Articles 34-18," The
Journal of Development Studies, 5 (October 1968), pp. 5-28.

The Strategy of Economic Development, 4th edition,
New York: Yale University Press, 1963. lire

IBS
liiiS-N»



'-li'WSB

Ho, Yhi-Min.
Sector
Ta i wan

278
The Production Structure of the Manufacturing

and its Distribution Implication: The Case of

r

Pap e r no.78,ProgTam of Development S t udies.
Houston, TX.: Rice University.

Huddle, D. L. lnflationary Finaneíng, Industrial Expansionand the Gains from Development in Brazil.Paper no. 60,
Program of Development Studies. Houston, Tx.: Rice
University.

"Post-war Brazilian Industrialization: Growth Pat,-
terns. Inflation and Sources of Stagnation, in The Shap-
ing of Modern Brazil, ed. Erie N. Blaklanoff. BatonRouge : Lou i-s i ana State University Press, 1969, PP. 86-108.

Jatobá, J. Política de Preços, Mudança de Tecnologia e
Absorção de Mão de Obra. Recife:
Federal de Pernambuco, I977.

PIMES--Universidade

\^
iC

II.

:l"t

i'T

;:l:;s
Wr<

<

Ari

Johnston, J.
McGraw

Econometric Methods.
Hi 11 Book, Co. Inc. ,

2nd edition,
1972.

New York:

Statistical Cost Analysis. New York: McGraw

I

-HT1 1 Book Co. , Inc. , I960

Jorgenson, D. W. and Griliches, Z. "The Explanation ofProductivity Change," Review of Economic Studies, 31t
(July 1967), PP. 2^9-283.

Kendrick, John. "Capital, Labor and Income in Manufacturing:
Comment," in The Behavior of Income Shares--Seiected^
Theoretical and Empirical Issues. Princeton: National
Bureau ofEconomicResea re h , l9elt, pp. 1 40-1 íl2 .

Kmenta, J. Elements of Econometrics. New York: The
MacMi1 lan Company, 1971 .

Kravis, I. "Relative Income Shares in Fact and Theory,"American Economic Review, 49 (December 1 959), PP. 9 1 7-9tt9.
Kuznets, S. Postwar Economic Growth--Four Lecturer,Camb r i d ge Mass .: Harvard Universi t y.^re ss, 19 6 k.

Economic Growth and Structu re--Se 1ected Essays.
York: W. W. Norton and Company, Inc., 1965.New

"Quantitative Aspects of the Economic Growth of
Nations v. Capital Formation Proportions: International
Comparisons for Recent Years," in Economic Development
and Cultural Change, 8 (July 1961) , pp. T-T2Ï."

II
111

liü(

i!
%-

y-L

.VSfí
ï.®'':

s».

'SKã
IIBIP

"^^..i^ït^-

 i;



MdSHW-»^'-

279

Lau, L. J. And Yotopoulos, P. A. "A Test of Relative Effi-
ciency and Application to Indian Agriculture," American
Economic Review, 59 (March 1971), PP. Q4-108.

Leontief, W. W. "Domestic Production and Foreign Trade:
The American Capital Position Re-examined," in
lnternatlona 1 Trade, ed. J. Bhagwati. Harmansdsworth:
Penguin Books Ltd., 1972, pp. 93-139.

^
ie

i!'!

II
!li:i!

Lewis, A. W. Economic Development with Unlimited Supply
of Labor," Manchester School of Economics and Social
Studies, 22 (May Í9T4T,^P. 139-191.

(.'S I

|}lr<
\

Liebenstein, H. ~"A11 ocat i vê Efficiency vs. X-Efficiency,"
American Economic Review, 56 (June 1966), pp. 392-^15. An

Loeb, F. G. "Numero Indices de Desensó 1 v i mento Físico da
Produção Industrial, 1939-19Í<9," Revista Brasileira
de Economia, year 7 (March 1953), PP. 31-66.

Lovell, C. A. K. "Capacity Utilization and Production Func-
tions in Post-war American Manufacturing, Q.uarter1y
Economic Journal 82 (May 19&8), pp. 219-239.

Luque, C. A. Elasticidada de Escala e Taxa Efetiva de Incen-
tivos a Exportação, Master s thesis, Universidade
de São Paulo, 197o.

Macedo, R. B. M. Models of the Demand for Labor and the Prob-
lem of Labor Absorption in the Brazilian Manufacturing
Sector. Ph.D. dissertation. Harvard University, 197it.

Martone, C. "Efeitos Alocativos da Concessão de Incentivos
Fiscais," in O Imposto sobre a Renda das Empresas
(Série Monográfica), ed. Fernando Resende. Rio de
Janeiro: IPEA, 1975, no. 19, PP. 53-9ít.

Mehta, B. V. "Size and Capital Intensity in India Industry,"
Bu11 et i n-0xford University Institute of Economics and

(August 1969), PP. 189-204.Stat i st i cs, 31

Me; r
> Geral d .

Stud ies
Leading Issues in Economic

i n lnternat i ona l
York: Oxford University Press,

Pove rty. 2nd
1970.

D'eve 1 opment :
edition. New

Miller, M. H. and Modigliani, F. "Some Estimates of the
Cost of Capital to the Electric Utility Industry,"
American Economic Review, 26 (June 1966), pp. 333~391.

"The Cost of Capital, Corporation Finance and
the Theory of Investment," American Economic Review,
48 (June 1958), pp. 261-2977

li

N
w

.NI

ï
li]

!!!'

^, L

ï

p*"'"^
fittí

IE

II



280

Minhas, B. S. An International Comparison of Factor Costs
and Factor Use. Amsterdam: North-Ho11and Publishing
Co., 1963.

Moroney, J. R. 'rhe_S_tj-uc t u re of Production in American

Yr
ie

.11.

Manufactur ing.
North Carolina

Chapel Hi11:
Press, 1972.

The University of

Nadire, I. "Some Approaches to the Theory and Measurement
of Total Factor Productivity: A Survey," Journal of
Economic Literature, 8 (May 19&8), pp. 219-239.

Nelson. R. R. "The C. E. S. Production Function and
Economic Growth Projections," Review of Economic an^
Statistics, h~l (August 19&5), PP. 326-329.

w^

t

"Aggregate Production Function and Medium
Growth Projections," Aine r i ^.a n E con o m i c R e v J ew ,
(September 1964), pp. 575-606^

Nelson, R. R.:Schu1tz, T. Paul; Slighton, Robert
Structural Change in a Developing Economy:

Range
5^

L.
Co 1omb Í a's

Problems and Prospects. Princeton, N. J.: Princeton
Universi ty Press, 1971.

Nerlove, M. "Recent Empirical Studies of the C. E. S. and
Related Production Functions," in The Theory and
Empirical Analysis of Production, ed . M. Brown. New
York: National Bureau of Economic Research, 1967,
PP. 55-122.

Ness, W. L. "Financial Markets, Innovation as Development
Strategy: Initial Results from the Brazilian Exper-
ience," Economic Development and Cultural Cjian^e^, 22
(April 1974), pp. í(53-í»72.

PIMES--Efeitos Espaciais
mento t ndustri a 1.

da Política Nacional de
(Unpublished monog raph)

DesenvoI v i-
Recife:

Un i vers i dade Federa1 de Pernambuco, 1978.

Reboucas, 0. E.< Inter Regional Effects of Economic Policies:
~foTMulti-sectoral General Equilibrium Estimates

Brazil, Ph.D. dissertation. Harvard University, '197lt.

Robinson, Rommey. "Factor Proportions and Comparative
Advantage --Part I ," Quarterly Journal of Economics,
70 (May 1956), PP. 181-197.

(jt'S I
.ill I n

(

Art

I.
^

Jll!'ü(
}

!iV. L

,1^"
IB



.SSSSi^-

/

Robock, H. Brazil's Development Northeast: A Stud^^ojF^
R e gional Planning and Foreign Aid .
The Brookings Institution, 1963.

281

Wash i ngton, D. C.:

Ruggles, R. and R. Nancy. "Concepts of Real Capital Stock
and Services," in Output, Input and Productivity Mea-
surement. Princeton: National Bureau of Economic
Research, 1961, pp. 387-^03.

^
1C

Sahota, G. S. and Rocca , C. A. Investment of Growth. São
Paulo: Fundação Instituto de Pesquisas Económicas,
Universidade de São Paulo, 1976. (Mimeographed.)

Salter, W. E. G. Productivity and Technical Change
Eng.: Cambridge University Press, 1969.

Cambridge,

Samuelson, P. A. "The Surrogate Production Function,"
Review of Economic and Statistics, 29 (June 1962),
pp. 193-206.

Sandesara, J. C. "Sale and Technology in India Industry,"
Bulletin-Oxford University Institute of Economics
and Statistics, 28 (August 1966), pp. 181-198.

Shalit, S. S. and Sankar, U. ''The Measurement of Firm Size,"
Review of Economic and Statistics, 59 (August 1977),
pp. 230-298;

Smith, D. J.; Boyes, William J.; Peseau, Dennis E. "The
Measurement of Firm Size: Theory and Evidence for
the United States and United Kingdom." Review of
Economic and Statistics, 58 (February 1975), pp. 111-
119.

Smith, Vernon L. Investment and Production, Cambridge:
Harvard University Press, 19&1.

So1ow, R. M. "Capital, Labor and Income in Manufacturing,"
in The Behaviour of Income Shares--Se1ected Theoretical
and Empirical Issues. Princeton: National Bureau of
Economic Research, 1964, pp. 101-128.

Strassman, P. W. Technological Change and Economic Develop-
ment. Ithaca: Cornell University Press, 1968.

Superintendência do Desenvolvimento do Nordeste (SUDENE).
Pesquisa sobre a Industria Têxtil do Nordeste. Recife:
MINTER-SUDENE, 1971.

r;s

'}fr(

Ari

II
l. üí

;r

ii

•II

|V: ^

S-K
liÍâ
!K2
i®*w»«



282

Superintendência do Desenvolvimento do Nordeste (SUDENE).
Resultados do Programa de Industrialização até 1968 .
Recife: M I NTER- SU D TNE 7 -1 9^7 2 .

Syvrud, D. E. Foundations of Brazilian
Stanford: Hoover Institution Press,

Y
Lie

Economi c G rowth.
1974.

II

Rev

"Estrutura e Política de Juros no Brasil."
sta Brasileira de Economia, 26 (Jan./March 1972),

pp l 17-l 39.
Marginal Productivity
Economics and Statis-Thurow, L. C. "Dêsiqui1 ibrium and the

of Capital a.nd Labor," Review of
tics, 50 (February 19&8), pp. 23-31.

Wa1ms1ey, Vernon T. Os Determinantes da ProductividadeMedia do Trabalho, na Industria da Transformação do

;(iS

n t i'(,

Art

Brazil. Master's thesis. Recife:
Federal de Pernambuco, 1975.

Universidade

I

White, Lawrence J. ''The Evidence on Appropriate Factor
Proportions for Manufacturing in Less Developed
Countries: A Survey," Economic Development andCultural Change, 27 (October 1978), pp. 27-60.

Yotopoulos, Pan A. and Nugent, Jeffrey B. Economic of
Deveiopment--Empi r i ca 1 Investigation^. New York:
Harper and Row, 1976.

ü<
l .

'i

•{

:-Mi
'y

V. íi

m
ai•^fêS-fc.,;
fê^^^

/.-,

B
 «W.

;s%^"ip%S^üÏR;ï.g.?gí^^®®ï^X?S^ • ?::Ã-~.1;:

,'T*.^



LATIN AMERICAN PERSPF.CTIVES
A Journ;il on Cnpiliilism and Socialism

I'AK'riCll'A-riNC, KiïlTOKK
V.ini.i li,imt)irr;i, Mexico
D.iviil liiirkin, lliiivrrsid.iil Aiitóiiini.i Mflropo-

lil.in.i, Mcxicd Cily
l''r,ink Ilonill.i, (7ily llnivrrsity Df Nnv York
(iili.iiiiK; Diirton, lliiivcrsily of C,itift)i'nia,

Siinl.i [>ii7.
AIIirrlo Ciri.i. Siinon Fr.iKcr (Iiiivrrsity
l.iiucs Cockci'Dfl. Kiil^crs llnivritiily
III.ID (;i]iT,iili. Nrw York llilivcrsily
líliy.iilirlh Diirr, W.isliiiiKlon, D.C.
jorl (',. I':<lrlsl(:in, Itiiivrr.sily of Oiliiriiiio,

Dnivcr
|r.ill I''r,inc<), Sl.iiiford llnivrrsily
M.irlh.i K. Giiiii';ni"/-. Dnivcr.sity of Ccloriido
C.iry llrcttir, Iliiivrrsilr (lu y>ii';l)c<; ;] Montrr.it
Ddii.ilil C. llotl^r.s. l''Iori(Iii Kt.ilr UniviTKity,

'I'iillnh.iKsrc
N.iiicy lloll.inilrr. (^.iliïiiniiii Sl.ilr LlnivcrKily,

DiiiniiiKi"''- I till''
l)<i]r [ohiison, Kiil^rrs IIiiivcrsity
Siis.iiiiic lon.i.s. liisliliilc for ttir Stiiily ufl-ilxir

iiiiil Economic CrÍíiis.Siin I''r;uuns(;()
K.rDr.slo Liicl.iu, lliiivrr.sily of Essex,
Colr.hr.strr, Kli);l'inil

M.irifin Leopold, Diiivcrsitr ill] "Qiirliri; a Moii-
lrr.il

l.inirs l.r.vy. lllliviTKÍIy of Nrw S<iulh W.ilrs,
Aiisli'iili.i

Mii.Il,irl l.iiwy. I'.iriK
|(i.si'' Null. I liiivcrsily of "I'oniillo
IDSC h'ni.iiiilii ()i..iiiipo. lliiivcr.siil.id N,i(,ii)n;il,

l!(jHiit.i
l.iincs ()'(^)il]»ir, S.in IDSI"; Sl.ilr I)nivi:rsily
Aiiili.it Qiiij.iiio, I.im.i, I'cni
'I'linilDiiiii (IDS S.iiilos. (IiiiviTsiil.id N.ii.iiiii.il

AiiliHloiii.i i]c Mrxico
lloli.irl A. Sfi.ildiiiK. jr., llrooklyn (;iillr}ir

of (;IINY
K.in'n Sp.ildin^, Iliiivcrsily of l)c.t;iw<irc
Rddolfo Sl.ivnihiiHi'ii, (^|]('KÍII «lr Mrxico
Kylr Slcrilt,iild, Hl.ilc Diiivrr.silv of New York.

liilffnlo
Vii.lor Vill.iniicvii, l,iin,i, I'IT(]
Slrvr Volk, NACLA. New York
|iihi) W<;rkK, Aincric.iii Diiivrr.sily. W.ishiii^ton,

(XlLLI'.C'nVE OK COCJKUINATING KDI'I'OKS
Willi.im lti)lliii};rr, llnivrrsity of' C.ilifornia,

I.DS Alljjrlrs
DDII,ilil Dr.iy, C.ilifoniiii Stiilr llnivcrsily,

l.DS Al^rlcs
M.irjitru' lii'iiy. (^.irnnotil (^iltf^rs
l''r;iili:rs II. Cliilcoli:, l,,i^iiil;i l!i:.i(;h, C.ilifoniiil
Kiiii.ilil II. (^lulr.iilc. M.iii.i^iiiK lidilor

Iliiivrrsilv iif ('.iilifornia, Rivcrsiilc

Niinii.i Chiiir.llill.i, llnivrrsily of (^ilifiirni.i,
Irvinc

l.tnu'.s t)i<'l/., (^ilift)rtii;) Sl.ili* University,
l-'iillcrliiii

Tiiniithy I-'. ll.iiilillK. <;.iliíorni,i Kl.ilr
llliivcrsily, I.f)s AiiK''li'*>

Kich.inl ll.irris. S.iil l-'r.nii.isc.ii St,ilr l liiivrrsity

('.(MiKliii.ilinil Src.rrl.iry: Fylw.ird T.iylor
.iiiil "I'cmf R. C.rolh

STAÍ--K M.iniiKc.ripl Kililor: [•'r;iii Cliilcolc

RKVIKW PROCESSAll m,iiiiih(;ri|)l!i wiltl»' 'iiiliiniltrd It) the followinfi n'vic.w proc.i'Ks. A c.iiDnliii.iliii^ rdilDrwill tx' n.ini(lil in iiccordiincp with .irc.i tïf uítrr<*st íintl ciirrcnt (ïdilori.il workloiid. tl'hf coordiiiit-lor will SITVC .is li.iison tx'twrcii the illithtir iiild the olhrr ('(lilori.it niciiilicrs in <;h:irKc ol Ihr .irti-(;lr. l-'or .iiitliors who so wish, ;in(i whrrr .il)|]r<)pri;i(r, Ihc coiiniin.ilor wiil provide r<l]l()iiiil .issis-l,in(:r. M.inusc.riplK (with .iiilhur'.s n.imr iiiitt affili.ilion (Irlclcd) will l)r srnt lo twii t'.irlinii.ilii)^l\ililors, (inr l,.ilin Anirric.in .ind onr iion-!,;itiii Aincncim. Rcvirwcrs will lil.ikr one of llirccjiiil^rincnls. lh.it llir in.iniiKf.npl lir [)ul)lishc.(l in ils prcs(;nt form, rcirc.lnl or rrliinint lo tlir ;iu-lliiir for n:visi(in In ciisc of rrji:(;tii>ii or r''l>i"l tor rrvisinn, llir n;yirwi;rs" .si);]inl iinniiiK'nl'; willir si:nl lo Ihf .iiithor. If llir.rc is silli.sl.iiili.il (liK.i^rrrinnil ;in»)iiK thrrc virwrrs, tlir (II-I.ÍSÍDII willl)i; mailr by (hr (^Dordin.ilinK Kditor. Aiilliiir.s Vk'ho fcrl Ih.it iinpiirl.iiil pi)lilii:,il .iiid ll]niirlii:,ilvirw Kh.ivrbrril impniprrly rcjfi;l<'(l ni.iy iippc.il lhe ilc<;isi<in: this will l)c rcvirwnl 1)y .ill C.D-iinlin.iliiiK l''.tlil<TK. '1'hi.s review prncrss is iiilciidrd lo proinolc <:i)iislni(;livr di.ilii^iK' hrlwrni rc-virwrrs nntl iiulhnrs. li is hd|»'<l Ih.it Itir o-ch.iiigr of wcll-iiilnulcil crilic.ÍKin ,iiiil sii|.;K<'stiotis willcoll.ilior.itioii in Ihr rrvicw prDCCKK wilhoul undcnniliinK .st.iiid.irils of ri^iir (ir iili|c(:tiv-ily iiiid th.it lhe process will producr llic tir.sl poKsil)]r |i;ipi;r for piil)lit.iitioi^ Ml .iiilhiiis .in'rr.-(|ii('slrtl lo Kutimil five <;opii;s of thrir m.inuscripl ;ili)iig wilh IWD copirs of .111 .ilislr.iiil iif 100
words or II'SK.Arliclr.s ;ip)ic;iniiK i" I-ilin Amcriciin 1'or'ipectivcs nn' ;il)str.ii;lr(l iiiiil/or iiuli'M'd ill: AIK;I'Ol. SCI. Allcm.ilivr 1'rcss liidrx, l}it)litiKr<'I1hii: Inilrx. l~)rvrli)])mcnl .niil Wrlf.irr (l)rllii), Drvrl-i)|)ilirnt liiliii.iilion I^xch.in^r (Itdnic'), I)(M:iinirill;i(;ión lhrr().i]ni;n(:;in;i (M.iilrid), l lihliiMi..il Al)-.sir,ir.ls. liilrrii.ition.il l'i)lili>;.]l Scirncr Atistr.icts, iind I'riii:r Krsriin:!) Mistr.icls. -
I.A'l'IN AM1-;KK:AN I'KRSI'I-'.CTIVKS: t'lililishnl four tinirs .iniiii.illy. ii] ninlrr, s|iniiy, .siinuiirr,inil f.ill.'I'liinl t.l.iss ])IIS|.IKI' p.iiil •it Kivt'r.sidr, ('..ilifonii.i. Siit)s(:ri|iliiii> ])rii:r: Iniliviilii.ils. '•.l-:, l.nwllir.oinr (Slildrtlls .iilil l InrinplDycd). Sll); li<lil<',,itiiin;il liislilillÍDns. SáO. I'liviilr C,ii[pi]l,iliiiiis .liiil(.(ivrriunriil AHI'I>I:ÍI">, S40. l''or twii yr.irs, Indiviiliiiils, $^0; l',i](]i;,iliiin,il liisliliiliiiiis. S.lli. l-'ii]rij.;iini,ill: ,i(li] $2 [IIT yi'iir lor rr^iiliir :iixl $10 fi)r ,iir ni.iil. Iii(lividii,il ciipy, S:l..ril). 11.11.k i.ssiir.s, Sl'i. lliilkiinlrrs of 10 or iiiiirc, 20% (lisr.oiinl.

!''.(lil(iri:il Addrr.ss:

'Die M.III.I^ÍII}; l'',(lili>r
l.,]liii Ainrni:,iii I'rr.spcrlivc.s
r.o. IÍDX ,')7(i;(
Kivn-KÍcic, C.ilifonii.i t)2l>51

Siil)si.riiili(iiis ,111(1 Itiilk ()nl<'rs:
l.nllil Aliirrii .ill I'risjin.livrs
c/tiCMS
r.o. iio\ 7'.v
Kivrrsidr, C.ilidiiiii.i WW2

C.opyriKhl l')7'l liy t.iitiii AiniTÍi:.in I'crspcctivcs

f

^( •.-•

I

t

i

LAr
Issue

9K&
%í-

Not(!K I
l. Intn

i <

11. An

!

j

^

I

»

.:;

1

III. ü<

)

t
t
I

t

t

w

IV. ÍJ

•

f

i
m 's,

sm

SWWWïSiêSms

.'í:s s%^g^ïs'@%;:^.p%fe.^


	9c4a35085181a6fabc202e6a4135a4236b81ce2d2c9fcbc04f3f474234061802.pdf
	0d8c75441287f2da82089cb20f279b5034480b9719a8f0da23ca0bcb0b3928dc.pdf
	a240ac72a7ccf54b08e057d6dda58864f0d47e332b5367cca2561ffcbe2d16b6.pdf
	c9dd5ac1a99c6a0e4a8ff3a4f23215523afc029cff1561598613b11deab0d08c.pdf
	cd08e2d92e56bfd0154725733105bb30ee98444d6775b486c5e38b0f83238fd9.pdf
	495a38c98dbeeca060749441c87301576e0738e04cb75c458c579b78a1f63c3a.pdf
	495a38c98dbeeca060749441c87301576e0738e04cb75c458c579b78a1f63c3a.pdf

	bda27da6c13896af876c7839ac3fb9abcc026471930591b0c016f6d9c24ad07d.pdf

	aaaf978b4a28f39d24f7abcfd6d52b30eb8f2d1841efe2dd65a3265893c4d6c3.pdf
	1a9a96f19411bedb0d18c6c9a52ff29b436ddfc7fe655c04c8b3eaf5a1fbfd06.pdf
	1a9a96f19411bedb0d18c6c9a52ff29b436ddfc7fe655c04c8b3eaf5a1fbfd06.pdf
	1a9a96f19411bedb0d18c6c9a52ff29b436ddfc7fe655c04c8b3eaf5a1fbfd06.pdf

	59786051276742ece0ae2092106854a19fc684bd7e068fc516188e2360de1c5e.pdf
	4ba8748e0582cc8b8cc7deb0dda54bf478b5beafc7c04a7f1c79e63c0e955ada.pdf
	c37f2b90fdcc5c3665768982f26b5535ea7a91e61340bf7a5eec56f32d3a60ca.pdf
	c37f2b90fdcc5c3665768982f26b5535ea7a91e61340bf7a5eec56f32d3a60ca.pdf

	c8914bb4bd00e1cef3f6f0c1898e9804664a53ac8734a9205431d0fd5a887d77.pdf
	4ba8748e0582cc8b8cc7deb0dda54bf478b5beafc7c04a7f1c79e63c0e955ada.pdf

	b07cbcfcd3d7927bb6aaff3282a48e43ec2478998130cb4902d42497d5612ae6.pdf
	bc2a14ad43cb5041928fdd2be7fd3c86d7bb261b16326aadd9f98da146d66dc0.pdf

