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It is 20 yezmrs now, since Moses Abramovitz took the first

tepe. (1) Alming ats studm%the long-run behavior of aggregats cutiut

ol

per caplta and trying to discover how the labor and capitszl inputs
had contributed to this wovamqui he reached the conclusion that
“gimost the entire increase in net product per caplfa 1s assccelaned
with the rise in p:uu;ctivity“a

The next milestone was Sclow's "Technical Change and ithe

J
Agieregate Froductlion Functlon® (2}, In his work, representing
as ocutput, and K and L as capital and labor inputs (our notation)
he asssumes an aggregate production function like

Y = P (Bels %) {(£.,3)

A

where "t for time sppears in F to allow for technical change®, He

also assumes “neutral technical change™ such that we can #rits

{1.1) as @

Y = A (¥) £ (K.L) (1.2)

Through mathematical manipulation and including the neocizsstonl

'&P r
hypotheslis of wk = Q% %n and wl = g%-% s That corresponds te tie

- -
H Y

relative snares of capital and labor, we get:

L (1.3) where dots indicate time
L

e )
It
b 5

derivates,.

Expressing (1.3) in per-capita terms:

y = Y/L
k X/L

< o
i

b s 38
..'r.
2

b L)
H
=
=
a1
L§1]
H
[41]

]

he Tinds possible to aisentangle the rate of grewth of the tecnnical
chanze index A (t) es

(1) ¥, Abramovitz - “Heszource and Cutput Trends in the U,S. since
1870" -~ “nmericéan Economic Reviecy, Miy. 1956 - pp 5-27

(2) ReM. Solow « "Technlcal Change zad the Agzregated Eroaduction
Function" - heview of Ecapomics and Statisties = Aug, 1957 «

pp 312-20

3




e
A .y . wkk {t.5)
A

Therefore, setting the initial value of A(t) (in his case
1909) egqual tc 1, he is able to obtain a series for the increase
in productivity not attributable to labor and capital inputs ce:
ering the periods 1909 to 1949, Plots of A(t) and ﬁ/ﬂ can be seen
in Flgures 1.1 and 1,2,

"Correcting”® y for this technical change A, and plotting
y/A against k, he obtains something like figure 1.3 In fact fig-
ure 1.3 should be compared with Chart 4 of Solow's work. There's
some evident divergence belween our plotting (made by uging the
same datm as Solow) and the presented Cnart ‘4, This is
due to come ®computatiocnal errors® which Solow admittedly committeal,
as stated in a reply to Bogan's criticism,(3)

Kevertneless, the great conclusion wnich Solow nasg reacned
was that about 873% of all the increase in gross output per man-
hour was zttributable to technical change and ocnly the remail
123% could be attributed to increased use of factor inputs,

From then. on, & hot polemic has taken place within two
extremes : at one point are those who have labelled this resigual
of ®"the measure of our ignorance® and feel dlscouraged to take
seriosly the neoclassical model as a tool for an explanation for
productivity growth; at the other side, are those who tried to
"explain® this residual by altering the measurement of factor
inputs {(4). In-between these two extremes we witnessed an upsurge
of articles on classification of technical progress, measurement
of factors {including here scme of Cambridge Controversy). embodi -

ment hypothesis, induced innovation, learning, invention, research,

(3) Re.M, Solow ="hLeply" - Review of Economics and Statistics, Nove:
ber 1958 - pp. 411 -3

(4) D, W, Jorgenscn % Z, Griliches in "“Explanation of b*oduc*‘vlzy
Change® - are able tc r=duce the residual to a mere 3.3% (Review
of Economic Studies - 1957 - pp 249-83), However, E., Denison, in

a detailed article cnarge botn with biased and tastolozical proced:
like ccrrecting facters for u“ﬁruc ivity, when this is just what we
want tec measure, "Some Major Issuzs in Prcductivity Analysis® =
Survey of Current Business - May 1369 pp 1-27
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and related subjecis,.

. We will have the opportunity to touch on some of them, while
presenting our exploration of brazilian data, on a search for infor
mations which could he taken from them,

2= The Brazlllan pManufacturing Sector and the "Residual®

We are going to make a rapid analysis on the periocd 1954=
1975 of tne brazilian behavior of gross output per capita in the
manufacturing sector particularly emphasizing the role of technical
progress and increase in productivity,

Using the same methodoloszy as Solow, for the brazilian
manufacturing industry for that period we have obtained the pleis
in figure 2,1 and 2.2 for the growth of productivity and the rate

of growth of productlivity, respectively. We have added arn additional

o

plot of potential and actual output for this period on figure 2,%.
We can therefore observe that from 1954 to 1961 the produce
tivity has increased at 4.4% yearly rate, then'slowing down = and
even decreasing - during 1962 to 1967, when it decreased 2.7% a
year, in a mean, followed by another period of productivity growth,
from 1969 to 1975, when it sharply reached a rate of 10% a year,
in a mean. At the same time, the capacity utilization that was
around 80% in 1954 increased rapidly in the period 1954-1961 and
‘in this latter year was some 98% of the installed capacity. Then
we observe an increase in the idle capacity for the period 1562 to
1967, with a peak of 75% of capacity utilization in 1965, From
1968 on, this utilization was improved, until full capacity was
achieved by 1972 and 1973, lMore recently, some signs of decreasing
capacity utilization can be felt and the idle capacity, by the end
of 1975 was already around 16%. The interesting feature was that
from 1962 to 1967, we had increasing idle cavacity,. without havins
significant decrease ir the real output,In fact, this idle capacity

was the consequence of new investments rather than a fall in real
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output,. We will come back to this peoint later,
Qur estimates indicate that some 464 of the

= :
output er man-hour in the manufacturing industry, during the ne
¢ & y -

riod 1954 to 1975 was attributable to increase in productivity.
Watching more closely, we could see that during the period 1454 -
1961, 72% of this growth of output per-marn-hour was ex :
productivity increase while in the pericd 1968 - 1975, productivil
was responsible for some 50% of that growth, all meas

Solow's

ured along
method,.

Calculating a “corrected output" as y/A and plotting
against k¥ we obtain the graph in figure 2.4, The evident linearity

cannot be surprising : as Hogan has stressed in a reviewing sxti.

cle (5) when the technical progress was assumed to be “"neutral®

(Harrod neutral) we implicitly have calculated A(t) irn such a& wav

- S h o L=

that, provided that the relative factor shares remain constant

1\
L wiALL Loy
(=R R

"the method would automatically produce a perfect Cobl

in y/4& versus kK this is traduced by a straight line. Hog

DOES

charges Solow for "not having grasped fully the implications of his

model *, while the latter.,acceptihg that his method is tautological.
make effcrts to show that "not all tautology is bad%, (6)

However, there's an important assertion which Hogan has mads:

dmLLL S 4

the evidence of neutral technical progress can hardly be thought
conclusive.. Therefore we must examine how well a Cobb-Douglas

B ]

production function will fit our data, without the above "correction”

s

3= Fitting a Cobb-Douglas Production Function

Writing our production function as before, ¥ = F (K,L;t) =znd
assuming now that' it has the Cobb-Douzlas form

= A K I (3¢1) we can apply logarithms and obtain:

log ¥ = 1legA + Blog K + elog L (3.2) which is thes so=

{(5) We

‘ ?s Hogan "Technical Frogress and Production Functions®-
deview of

=

Economic and Statistcs - November 1958 - pp 407 =11

(6) R, M, Solow ="Reply® - op cit, p. U411
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called unconstrained form for estimating econometricall; Cobbe
& = 3 & P = = rl - r R . i
Douglas production function {oland ﬁ are not forced to sum up to

onej.
If we want the constrained form (whered+f = 1, and therefoec
=1 -p) we have log Y = logh + flog K + log L = plog L =)
(log ¥ - log L) = logd + @(J_og K « log L) cor

log ¥y = log A + 31log k (3.3) with is the constrained
form of estimating econometrically a Cobb-Douglas production
funection,

Our results are presented in tabie A.1 in the Appenaix, (256
regressions)

We have used three dirfferent ways for measuring laber
in man-hours {as Solow), in total employment in manufacturing and
in total wages in manufacturing (we denoted it respectively L, L¥
and W), but this was not an impertant factor for improving our
results. In general we have obtained %3 's on the range of ,875 to
¢« 910 for constrained estimation and_@'s 8lighly smaller fron
« 760 to 880 for unconstrained estimation and their t-values were
large enough to guarantee statistical significance on virtually
any level cf confidence. On the other hand, the values obtained
for o were 5 out of 12 negativesand we could not reject that

& = 0 for 10 out of 12 estimations.

The introduction of exponential terms on time and half-of=-

squared-time as
¢ L2\ : '
log ¥ = log A + 8t +£,\é’2 i+ PBlog K + Alog L (3.4)

¥

did not improve our results,

Auﬁocorrelation, if present, was eliminated in all cases,.
and our values of R - squared were never below .99 .

If we now test the now-estimated share of capital () for
significant coincidence with the observed values (our time-series
wK, used for estimating the productivity curve), we will conclude
that the hypothesis will be rejected in all but one case, Jjust ==
an extremely low estimation forfg >




Two conciuslons can be drawn from this Cobb-Douglas-itt]

exercise : a) The input labor, does not seem to have much importanc
Foxr explaniniyg the growth of real output in the brazilian manufaciyre
ing industry in the period 1954 to 1975. b) The estimated share of
capital is in flagrant conflict with its observed valuesg,

Well, these twe conclusions are enough to meke us to doubt
on the strong assumption’s implicitly made when we use a Cobb=-
Dovglas production function (constrained or not ) for estimation,.
with the brazilian data, Solow's "corretion" should not be allowed

in cur case,.

<t

Le

us see what else could be done...

4~ The Returns to Seaie

We have made imvlicitly the assumption of ceonstant returns
to scale when estimating the productivity A(t) along Solow's procee
dure, . But if we do not have constant returns to scale, we would nuave
our "residual" calculation affected, so that an increasing return
would diminish the residual and a decreasing return would augment it,

Concerned with this problem, A.A..Walters (7) claims that
"the american data discredit the hypothesis of constant returns to
scale" and, finding increasing returns to scale estimating an
unco?btrained Cobb~Douglas production function, concludes that
Solow's residual should be 30% smaller than calculated,

Along his lines, let us test this hypothesis to brazilian
case, Walters suggests that additionally to Solow's data we should
also use data on gross capital and other ways of measuring labor,.

Denoting gross capital by K¥ and employment on manufacturing by L #
we estimate ;

log ¥ = 1lcgd A + ¥+ flog K (or K¥) + dlog L (or L*)

(6 regressions)

(7) Ac A. Walters = "A Note on Economics of Scale" - Review of
Economics and Statistics - November = 1963 - pp 425 -7




Cur results are presented on tablé A.2 in the Appendix,

As we can see, our best results were obt4¢ned using net capi-
tal stock and both labor in man-hours or employment in manufacturin:
after correction for autocorrelation. The regressions with gross
capital (K¥) were not significant at all, with time being the only
significative variable,

Calculating Var (d+g) = Var (d) + var (?) + 2 Cov (odyB) ,
it is possible to estimate the deviaticn for oL + (3 , its tivalue
and therefore to test fo*‘d:+P 1 at a 95% conlidence level, In our

3 significant regressions (Ia, Ib and b in table A2) we can reiset

sl N
the hypothesis that & +§ = 1, that is ,we found that in the manuizc-
turing sector we had decreasing returns to scale in the period
1954 - 1975,

Therefore, contrary to Walters conclusion for the ameriran
economy, we have underestimated our “residual" when we assunmnzd

"

constant returns. Thls means that we should increase our “"residual®

in some 18% on the values calculated in section 2,

5- Estimating the Elasticity of Substitution: The CES production
function

Probably much of our problem could be hidden in the implicit
assumption of elasticity of substitution ( () equal to one, which
we make when using a Cobb-Douglas production funeticen, Let us then
estimate this elasticity of substitution, trying to fit a CES and/or
to calculate ( 1in a series of different ways,

As we know, the CES production function is given by

o O S
Y = K[JK-Pq- (1 & J) L-P j‘ ‘r%" (5.1) where U=

&
. .L\\,Q
and cannot be estimated by linear meuhods\ﬁﬁAking some simplifying

assunptions,.

a) When this production function was propcsed for the first time (3},

8) K. Arrow, et, al.. - "Capital - Labor Substitution and £
T lency™ - The Review of Economics and Statistics - Augu




-i=

we were asked to assume that {? may estimated by

log —E-z log C + G\log W £5.2)

Estimating this equation, and correcting for autocorrelation

we obilalin the values stated in table A.3 in the Appendix (2 equations)

. - _ o .
Ey this method we obtain a wlue for { clearly grester than

one, that is

¢ = 1.80 ‘
and

(20.1)

0‘\ = 1a?5

(18.5) after eliminating antocorrelation
we have, therefore, some evidence that the Cobb-Douglas
£

.
v

unction i1s not a good guess,

b) 4n alternative possibility is to regress the logarithm of the
capltal-labor ratio on the logarithm of the price of. iabor, relative
to price of capital as did Kendrick & Sato (9).

The results are presented in table A.4 and were very signife-
icant., After correction for autocorrelation we found O = 2.47F

(58.2)

¢) On the other line of approach, Richard Nelscn, essuming that
“technological advance is neutral" proposes to approximate the
CES production function by:

- 3 > & o ° 2
.¥'. i .‘:ﬁ. .;...C{,_\..I;’_ -+ (5 .l..g +0L(5 __6_\:__3-, E - .I_-_'_ (5-3)
Y A L K ¢ K I

Estimating this equation (results in table A.5) we find
results completely not significatives for (r o1
d) Again, trying to clarify which value should be attributed to
the elasticity of substitution, we decided to try Kmenta method (10)

(9) J: Kendrick & R. Sato "Factor Pricés, Productivity and Economic
Growth" - American Economic Review - December 1963 -~ pp 974

{(10) J, Kmznta - ®%0n Estimation of the CES Production Funchions"-
October 1964 - University of Wisconsin
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We have estimated 6 equations and the results are presented
in table A.6 in the Appendix.. Although ‘our results seem %to have biew
too much variant (we have cobtained 3 values greater and 3 values
smaller than one) the values greater than one scem to be more
relliabtle, since their t-values are quite high, Particularly the
result of (Ia) = @ = 1.46, the better, could give us scme more
evidence for suggesting that the elasticity of substitution is
greater than one,

e) Pinally we estimated a CRES by iterative non-linear methods and
found, f{or different initial conditions the results:

;= 0936 (L633)%

g * 2,000 (1.59)* none of them very significant

3

We found ourselves facing a very interesting situations

o 2-?6 ( 9362}“

the CES productlon function seems not to fit our data, or conversely,
when it does, the results are not significant,

It should be remembered now that CES might have a bizas in
its assumpticn of constant elasticity-of substitution: in fact
we can be attributing some changes in the factor proportions to
change in technology when we make this assumption,

We can provide a test for the constancy of the elasticity
of substitution along: {il)

log %—= log a + b log % -+ ¢ log

B

(5.4)

If we can reject that ¢ = 0 we could say that the elasticity
of substitution is not constant,

In fact, as the results of our regressions show in table
A.7, we can reject that ¢ = 0 virtually at any level of conf'idence,
By ordinary least squares estimation we have obtained ¢ = ,884,.
t-value = 64,4 , After correcting for autocorrelation the new value
was ¢ = ,885. , t-value = 133,

(11) M.. Nadiri - "Some Approaches to the Theory and Measurement of
Total Factor Productivity : A Survey " - Journal of Economic Literature-
Pe 1157



we could proceed, estimating a new class of production
functions : the VES (variable elasticity of substitution), but it
wovld be almost worthless for ocur purpose, Nadiri expresses himself
saying that "the whole empiricsl evidence cn the validity of the
VES functions is still very limited"™, Avoid taking steps larger
than our legs is now necessary, We still know 1little about the

"residual® found in section 2 ,

6« Bias in Technlcal Change @t Estimating the Elasticity of

Pt i NP S S A

gubstitution Without Capital Stock Data

#The residual has been treated as a consequance of the
mismeasurement of the inputs., {e..) As this approach 1is currentiy
belng pursuved, the object of the game is to make the offending
residual disappear by contriving new measures of the growtn of
labor and capital inputs"., This disenchanted claim is made by
Paul David and Th. Van de Klundert (i2) arguing that all the
studies that deal with neoclassical production function agsume
neutral technical progress, when probably more light could be
thrown on the "residual"™ if we did not make that assumption,

Allowing for the technical progress to be non-neutral
they advance a method for estimating the elasticity of substitution,
without capital stock data, along:

Inwl =1nC+ (1 =0) 1nW + AL(®-1)t (6.1) where w

s the share of labor in the product.
AL is the rate of growth of labor efficiency.
Our estimates for Q° (presented in Table A.8) were
("= 1,074 (3.32)

and interesting we cannot reject that = 1
G\= 1,067 (2,43)

at a 95% confidence level, The rate of growth of labor efficiency
were found to be not significantly different from ZETO,

;’I
(12) P. A. David & Th./ Van de Klundert - "Biassed Efficlency Growth
and Czpital - Labor Substitution in the U,S., 1899 = 1960 - The
American Economlc Review - June 1965 -~ pp 357 - 94




Therefore, we were not able yet to determine the plag, if

i

any, of the technlesl progress, Something completely different

Saallid

7- A Broader (Classification of Exogenous Technical Prosress

wd

Up to now, much of our difficulties throughout this paper
seems to come from the hidden assumptions which are made whan we
addopt a particular type of production function. Therefore we
should look for a way to relax some of the assumptions, specially
the assumption in "neutrality" (Harrod-neutrality) to allow for
non-neutral technical change.

In & paper released in March 1969, Martin Beckmanr angd
Rysze S2to (13) put the question ir the followinz way: "the probiens
of specification of the form of a production function and the

form of technical progress are not indbendent, for some forms of

& producticn function necessarily preclude some types of technicsl

Looking for other principles of invariancé, B & S add : "We
have generalized the concept of technical neutrality by formulating
and extending this principle of invariance to all other relationships
between variables : a technical progress is neutral in some sense
when the relationship in which a certain economic variable stands
to some octher variable remains unchénged through time, that is,
through technical progress"..

Concluding that the direct estimation of the (new) production
functions then defined would be more difficult because of nonlinearity
and the additional problem of estimating the constants of integration,
they decide to estimate directly the "principles of invariance",

Those principles, expressed both in lineat and logarithmic
form were defined to be:

(13) M,.J, Beckmann & R, Satc -%hzgregate Producticn Funetionz and
Types of Technical Progress; A Statlstiecal Analysis™=- The American
Econcmic Review = Merch 1559 - pp 88-101




I - Hicks (ﬁ}m a + b (%}\.(?.1&) loz (E}: log a + b 1lcx {%

v} ' WY
II - Harrod r.=a +b ?4 {7¢22) (los r = log a + b log voed e 2l
Sl o B |
: Y l Y\ ‘ s
III - Solow W=a+h (Ejif?.Ba) log W= loga+blog [+, [{7.20
k i 3
IV w Labor W=u2a+<b (E]‘{voua) ITCg d = log a + é»1;; KiY i? %0
Combining K/ h k: ¢t
CAPITAL = _ W
V - omemdy [T = A b (;J k 7.92) [log = = 2oz & + b los (“f 7s
Betrenaing | Bl i sk
a ' AP S vy ; P
yI - Labor (z}f a+b [¥Y) (7.6a) 103(?) LBg sk e 20 (z} i
Decreasing j\w K K \
l
2 v \
Wil = “PRIERL (%): 2 + b (f\ (7e72) 103(;—,} = log a + b locg (*,*
Decreasing | V' L) . L/
" 7 e vl
! 4déditive : L

X - Labor r=a+ b(%) (7.92) {log r = log a + b log (%3'(?.9b§
Additive - . . l

We could guess also the variable time into these princinlss~

Cur estimates for these "principles of invariance are presents’
in TABLE A.9. (36 regressicns)

Those results could be summarized by paying attention
on how did  the several principles perform for each es-
tablished relation:




Lincar Heg: on |
No Time Variable ;
2 |
Hank ‘Type B™ |Rae
/i X e 937
2 v ».330
3 VII + 919
4 VI o771
5 I 7H7
6 II »739
7 VIIT  .559 |
8 LiX o 467
9 IV + 267

in geperal, .

the principles
1) IX
2) V
3) VII
4) I
5} Vi
6) II
7) IIL
8)VIII
9) 1V

WM O W N

O

of

r Regre: t iJoe= Linear Regression | Log- Li
ne Variabl No Time Variable % Time V
Included Iinc
Type H2 | Rankk Type E2 Renk Type
FT L 0977 1 1 e 953 1 IX
Yill « 957 2 N ¢ 9L5 2 Vv
IV « 954 3 IX e L1 3 2
X . 938 L VII 939 L i
VIiI 0933 4 VI « 843 5 IV
v 0 931 6 II « 698 6 VIII
31 e 350 ¥ ILiL 2523 7 NEL
Vi «OL2 8 VIII « 500 8 T
I o747 9 IV «232 9 V1

invariance
Labor=aAdditive =

853

. 952

iff we take & mean of the

Capital-Combining = .949

Capital-Decreasing

Hicks
Labor-Decreasing
Harrod

Solow
Capital-Additive
Labor-Combining

Il

]

I

We can see then how misleading

tion for the U.S and Japan,. in our results Harrod-neutraly has poorly

ranked 6§h

« 934
. 852

. 832
2815
«728
o741
601
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Lealirn

it was being to assume that
technical progress in brazilian manufacturing industries was Harrod-
neutral in the period 1954-1975, Contrary to Beckmann & Sato estima-

among 9. The reason why we have opted for a mean index

of R-squared was because the inclusion of the variable time on the
regressions, although improving tne results in all ocasions, did



improve the worst ones much more than the best ones,. is regularly
one includes and excludes the time variable when analysinz a model,
the natural way of ranking ssems to be by the avergge performance,.

Curiously, we can observe that the 3 best principlesg of
invariarice state that:
a) the returns to capital remain in constant ratio {6 constant

log-ratic) to the capital-labor ratio through time, that is, through

technical progress., b) the second-best, states that the returns to
cepital remain in constant ratio (or log-ratic) to the ocutput-labor

ratic thirough time, c)} the third-best states that the cogt-of-factors

ratio (r/w) remain in cornstant ratic to the output-labor ratic, These
principles are very similar in essence, since they state that, as we
nad had a process of capitsl deepening in the period, with increasingc

output~labor ratio, the return per unit of capital had increasec

i

poraliclliy. Although meaning somewhat different t:ira- these tn:
principles are quite compatible aand amount to a general increase in

the returns to capital during the period 1954-1975,

Correspondently, the three worst principles, were exactly the
ones which cculd be thought as fhe-opposite situa _tion of the stated
above. Therefore, we seem to have evidence enough for saylng that:
a) It is not advisable to assume that the technical pProgress was
Harrod-neutral in the pericd 1954-1975 as is imuylicitly assumed
when we use neoclassical aggregate production functions as Ccbb-
Deuglas and CES. b) it is suggested that the process of import
substitution in the manufacturing industry in Brazil, in the late
50' and the so=-called "miracle” of late 60' and sarly 70! has
brought about, coupled with a capital-deepening process and an
increase in the cutput-labor ratio,. a parallel increase in the
returns toc capitai,

8- Testing the Embodiment Hypothesis and Induced Technical Change

We should therefore try to test the embodiment hypothesis,




so that we cculd find any more obiective explanation for teechnioal
progress.. Trying to relate bouts of investment with the averaye
“guality of capital",. Massel has ‘Yested a model for determinings
the interaction between investment and techmical change,. (14)
Calling InA(t) the induced technical change ln time %, and agsuming
that it depends on a lagged series of investments {now consideres as
sources of improvement of caplital,. therefore meriting dating), we
can establish - afifter an application of Koyck transformation to the
distributed 19g equation - to:

In A(t) = Co + 3t +olInA(t = 1) + RI(t - 1) (Be1)

Bstimating this equation (results on table A.10) we find
significant coefficients for the investment term and nen-significant
coeflficlents for time (here representing some "residual® exozencus
technical progress). Therefore we have indications = contra¥y to
Massel'®s conclusions for the U.S, ecoriomy « that the embodiment
hypothesis does seem to hold for the brazilian manufacturing inda
in the period 1954-1975,

(1]

e T
LER

9- Is there Any Endogenous Technical Proeress Function in Brarilian

- Manufacturing?

At this point, it would be gocd to see what can be said
about the evidences on the existence of an Yendogenous technical
progress function® for brazilian manufacturing in the analysed
period,

Following in general, the lines layed by Edward Chen (15)
let us test initially Arrow's learning-by-doing hypothesis (16).

(14) B, F. Massel -"Is investment Really Unimportant?" Metroeconomia«1i3J62
(15) E+ K. Chen - "The Empirical Relevance of the Endogenous Technical
Progress Function" - Xyklos - Vol 29 - 1976 - pp 256 =71

(16) Arrow K, J. "The Econcmic Implicatlons of Learning by Deinz® -
Review of Economic Studies - June 1962 - pp., 155 -73




We could express Arrew's technical progress function as

vt

I'JI

Al{t)

G

E(t)® (941), where E(t) i3z an index of ex-

. ; ; - : ¢t
perience and c¢ 1is the learning coefficient and e stands for

excgenous technical progresse.
The results of our estimations are presented in

(6 regressions), We have used as indeces of experience

TﬂBI.: A1l
o Uwu'?ni’ tve

el W

gross lnvestment (as Arrow does) and alternatively cumulative

gross output, We still follow Chen, recalling a Cobb-Douglas

production function for these estimations,

We could net find significent coefficients for the experisnce

index, whethkr taking it as cumunlative output or cumulative investment

although our statistical fits show high R-squared. For Brazil (as

for the asian countries which Chenr has analysed) the learning by

L

doing hypothesis seems to be unimportant as an explanation of

technical progress,

Next, we will test some endogenous techniecal progress ny-

pothesls, as advanced by Kaldor (17), Kaldor and Mirrle

es

(18) and

Eltis (192). In each case we have tested also the effects of import

of capital goods (as proportion of total imports) and foreign

investment.

To begin with, let us express Kaldor hypothesis for estimat

purposes ast
In Y/L = G+ @31ln K/L+ ¥t + £(kK)t-  (9,2)
sKaldor-Mirrlees Hypothesis as 1 i

lr Y/L = C+ Ple K/L+¥t + E(I/L)t (9.3

» and Eltis hypothesis as:
In Y/L = C + @31ln K/L + ¥t + £(I/¥)t (9.4)

)

(17) N. Kaldor
December 185
(18) N. Kald

s A New Model of Zcononmic Grow
of Ec onomic St 1

26

tn"

- "A lModel of Economic Growth® - Economic Journal -

-~ Review

ion

e
2

(19) W, Eltis ~*The Determinatlen of the Rate of Technical Progress®
19

beonomlc Journal - septenmber

?!
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The results obtained are presented respectivelly in
Ae12 (9regressions), A.13 (8 regressions) and A.i4 (8 regress

In all of these 25 regressions we did not succeed to fir
any significant coefficient for the endogenous techniecal progress,
whetler along Kaldor,, Kaldor-Mirrlees or Eltis hypothesis,

On the other hand, the coefficient of the time variable
(here again wmeaning an exogenous technical progress compon .ent )
is always significantly different from zero,

The introduction of termsrepresenting proportion of capitzl
goods on imports and foreign investment did not alter this situatic
very much, even because these terms failed to present any signific:
cocefficient.

Cf course these conclusions are somewhat biased by ocur asz-
sumption of Cobb-Douglas aguregate production function which, 2s we
have seen, is not proper for brazilian manufacturing éatu. Hven so

it is noted that the endogenous technical progress function, whetier

tested along Arrow's learning-by-doing hypothesis or Kaldor, Kalior-
2 2 I

Mirrlees or Eltis hypothesis seems not to conform with the brazilian
experience, contrary to some of the fidings of Chen for Japan, Taiwa
Korea, Singapore and Hong-Kong,

10~ Conclusions

Sévéral conclusions could be drawn after our explorative sure
vey aiming to explain technical progress in Brazil. We could resume
them in the followinz way:

. a) Although Solow's "residual" calculated in section 2 ssems
to be much smaller than Sollow's estimates for U,S. economy (20) the

(20) In fact, if we take into consideration J. Levine's ("A 3m
Problem in the Analysis of Growth" - Review of Economics and S
May 1960 - pp 225 -8) and B, iMassel's ("Another Small Froblem

Analysis of Growth" - Review of Economics and Statistics - Augu
1962 - pp 330-2) objections to Solow's work, concerning on how

transform in a sum a multipliecative relation of factors, we wou
find for the brazilian case that the "residual® would be reduced
to just 20% of total growth,.
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fact that we have estimated decrecasing returns to scale on section
4 should make it somewhat greater,.

b) Being more precise, even conclusion (aJ-could be of limit-
ed confidence, if we take in consideration the more, striking con-
clusions of sections 5 and 6 , where we found that not only is the
elasticity of substitution significantly different from 1 but it is
alsc variable through time,

c) More important, indeed, is the conclusion of section T
for the brazilian case, the rate of returns to capital seens to
folluw the capltal-deepening process, denying validity for the
implicit assumption of Harrod-neutral technlcal progress, and
consequently, denying validity for the application of Cobb-Douglas
and CES production functions,. _

d) There's some evidence that, although the embodiment
hypothesis held, the learning-by-doing and endogenous technicazl
progress hypothesis do not,

e) Summing up, and turning out to be somewhat more concrete
the rapid growth thai-brazilian manufacturing industry has experiznced
in the last 20 years seems to be strongly linked to technical pProgress.
We can distingulish two bouts : one, during Kubistchek government
(1955-1960) when we have observed the first massive penetration of
foreign capital which corresponds to the first phase of imports
substitution; the second, after the military coup, when the "economy~
opening® policies has attracted new foreign investment and technology,
It must be undezstood that in these two periods, with a difference
of degree (conditioned by non-economic variables as “security", socizl
unrest and political stability) these bouts were obtained to a large
extent by the implementation of advanced technology (penultimate
technology - in relation to industrialized nations - in the 18t peric
reaching even the ultimate technology in the second) and wage compress=
sion, more evident from 1965 on., We should pay attention also, al-
though not overemphasizing, to figure 2.3 where we see during Qua-=
dres and Goulart governments (1961-1964) this new technology althouch
not applied, was also bought, leading to an increasing idle capacity

o)

¥




winich has eventually been used for manufacturing skyrocketting
growth during the "miracle" period (1968-1974
ds

Arother important fact: our estimations suggest that it

is time to avoid the endless claim that brazilian lsbor has low

productivity when compezred to industrialized cour:itries, just becauss

a Cobb-Douglas production function leads tc low estimates of outpu!

laber elasticity, giving very high R=squared in its fits, This DY

cedure, more tnan just naive, should be understood as politiesll
and ldeolouglically - danzerous,

To finalize, we think that it is time aiso to fac

o

!:E-: o 22 o

’
i

reality : the brazilian miracle has c@me to an end, The

2T Lo o1

¢

easy profits from new technology introduction has finished. The

firws are now facing new cost curves and technolegy imports are

1
)

heavy burden for them. The apologetical works along the necciaesi
tradition, estimating Cobb-Douglas and CES preducticn functione

& religion, unfortunately are of no help -albeit having its political

functions - for making us aware of the real nature of the "miracle®
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