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SUVMARY

This paper‘estimates the coefficients of a Solow type Cobb-Douglas
function: the regression equation relates real value added to real capital,
Iabo¥ and a technological proxy variable, time. The model is applied to
nineteen productive industries of the social sector of the Yugosiav economy,
cross classified by five géographic regions. The estimates are to bé used in
two companion pieces that analyze the behavior of enterprises and sources of
grcwthvin Yugoslavia,.

Pconometric research of the past decade has made the statistical estima-
tion of production functions less, not more credible. Much of the discussion
here is concerned with two issues raised by éhése wfitings: simultaneous equa-
'tion Sias; and the instability of the‘estimates for diffefent samples and esti-
mators. The conclusion is reached that the émopnt of simulténeous equation
bias present in the estimates is small, and tﬁat the eétimates are highly stagie
with respect to the estimators but less stable with respect to the grouping
‘basis and time period of the sample. The estimates themselves are judged to
be economically meaningful meaSuges of the Cobb-Douglas model that is assumed.

% Three econometric innovations are employed. One is to use the multi-
table method of Yoel Haltovsky to obtain éstimatcs of the capital and labor
putput ela;ticities, This is possible.because fer 1963vand 1964, cross-section
data is available for the nineteen industries. The tables are for VYugoslavia,
| butvnot for the four Sub-regiong; The data groups all firms in each industry
into twelve cells qcccrding to their size; separate tables are published for
size as measured by fixed assets and by employment. Haitovsky's method uses
 the,capita1 table to estimate the capital coefficient and the labor table to
estimate the labor-coefficient, and then corrects these estimates to remove

the bilas due to mis-specification.
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Another innovaﬁion is to use a ''reverse covariénce" esfimator and
Haitovsky's method to demonstrate the upimpor;ance of the simultaneous equation
‘bias that arises from a correlatién between labor and the stochaétic term. A
‘Mpayverse covariance" estimator reverses the table subscripts in ﬁéitovsky's
method so that the capital table is used to estimate the labor coefficient
| and vice versa, It is an inefficient estimator, but one ;hat is bias-free,

Its counterpart, the "ordinary covariance" estimator that results from a stan=
dard application of Haitovsky's méthod, is efficient but subject to bias., A

" eollation of the ordinary and reverse cqvariance estimates reveals ﬁhat the
estimates for the capital and labor coefficients are identical for both esti-
‘mators for the aggregate economy and for its largest sub-sector, industry and
mining. The common capital estimate for both industries is .13, the labor
estimate is .89, It is argued that differences between the estimators for the
. seventeen remaining industries can be explained by sampling variation, The
conclusion is reached that simultaneous equation bias is not of practical ime
portaﬁce, and therefore, on the basis of efficiency the ordinary covariance
apcimator is deemed best.

The third innovation is to use the cross~-section capital and labor
estimates as extraneous estimators in the 1952-1S64 time series analysis,

This leaves only the coefiicient of neutral technical progress to be estimated
from the time series. To extend the analysis go the five regions.it is nec-
essary to assume no regional variabilitf in the capital and labér coefficients,
thus permitting.use(of the Yugoslav crossjsection capital and labor coefficients
for all regions. Formally, this is not permiséible Statistical tests using
data available only for industry and mining indicate that these coefficients

do differ between regions. However, the differences are less important
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because of the manner iﬁ which the majority of the estimates ciuster about the
values‘.13 and .89 mentiohed above. The stability and magnitude of the regional
coefficients of technical progreés support the contention that extraneous
estimators give meaningful results. Fbr example, the regional technical pro-

gress coefficients for industry and mining are:’

Yugos lavia : 7 - 3.8%

‘ North | . 3%
~ South | - 3.3%

Serbia Proper 3.7%

South less Serbia Proper - 2.7%

Although not an innovation, the paper does derive and present, in the
Appendix, production data not heretofore available. For five regions, for
nineteen induégries, for the years 1952 to 1966, four variables'are glven:
employment, total fixed assets, equipment, and value added (social product);
The last three are in constant 1966 priceé and therefore benefit from the
price rationalizations of the 1965 Reform. Thé most importaﬁt.new contribution
of this data is the creation of constént price, regional series on -value
edded for twelve branches of industry and mining. The capital series is
unique in that empirically obtained estimates of length of life for plant and

for employment are used as durability weights in the manner advocated by

Haave lmo.
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GROWTH AND TECHNICAL PRGGRIGS I Tk SCDIIITSI SICIRPRISES OF YUGOSLAVIA:
A COBB-DOUGLAS ANALYSIS USING IXTRAMZOUS LSTIIATORS

SETT s T i e o SOl oL

PART I
PRO3LIMS Ci¥ SPECIFICATICN 4D IDINTITICATION -

“Irtroduction

ER This paper1 p¥ OVldGo a formal statistical analysis of the growth of

real output among the socialist enterprices of Yugoslavia., According to the

Cobb~-Douglas model used, growth is explairnad by threa factors: the mobiliza-

tion of capital and labor, increa 51ng veturns to scale at the industry level,

and disembodied technical progress. YTemporarily, no cognlzance is given to
the changing quality of labor or capitnl, to uon—neutral technical progress,
or to structural shifts between the brauches of the social sector. The objec-

tive is to see how succesafully a statistical analysis of inputs and outputs

.

éan'explain differences in cutput bctween regions, betwecn industries, and

overtlme. Attenticn is wrestrictad to the tine pcrlod between the establlshment

of tﬁeiNew Econbmic Poiicyiin 1952 and the RcFovm of 1065. Since this paper

serves as’ a foundatlon for more econoric dnd pol cy-oriented works under. pre=-

pération, concentraticn cencers on the statistical methedology and results

ot

rather than tb°1r cconosic inte rpretation.

Alread ve can ima&ine a scowl frem cconometricians and a yawn from
y & J B

- development ecornomists, A uick summaty of the major problems and our proposed
P y J p< p P

solutlon is necessary to yclax tnese countenanzes ard prcserve readers,

1Wo1.k is cuirentlv under way on two ccmpraion pleces. The first is a
Denison type analysis of the dctcrmlr 1iks of aggrepake growich for all sectors.
Since wages and piices czumot b2 rolied upon to reflect marginal products,

the productivities ‘derived in this napor are 2 crucial input. The second is
a theoretical and empiricnl microanalyais of enterprices behavior. How has
the system of Workors Manngement ccotvibuted to the rapid growth of the
Yugoslav economy? Again, this paper provid2s the foundatioan for the analysis.

;).
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o

g
0




-5~

Only a very brief search of the literature is needed to find eminently

qualified critics of statistical production functions. Professor Edmund Malin-

vaud writes:

.eethe calculated regression is not a satisfactory estimate of the
production function. It constitutes a purely artificial relation
: which depends on the correlations among the...error terms...just as
' much as on and . Statistical Methods of Econometrics (Chicago:

Rand McNally, 1966), p. 519.

or, Professor Murray Brown:

The impossibility of identifying the estimates because of -
multicollinearity when using cross-section data has been touched on,
with the conclusion that cross-section data is useless except for
very limited purposes in the present context. However, there is
also an identification problem because of multi-collinearity using
tige-series data. On _the Theory and Measurcment of Technological
Change (Cambridge: Cambridge University FPress, 1566), p. 126.

or finally, Sir John R. Hicks:

I cannot myself perceive that there is any economic sense in
such a physical measure of the capital stock. It is futile to erect
great edifices of theory, and of econometrics, upon it. The estima-
tion of production functions--involving a distinction between accumulae
tion of capital (in some such sense as this) and technical progress
(residual technical progress)--seems therefore to me to be a vain -
endeavor. "The Measurement of Capital," a paper delivered at the
International Statistical Conference, London, Summer of 1969, p. 11,

These criticisms are selected not only because of theé excellent cre-
dentials of the authors but also because they describe the th;ee problem areas
tﬁat are mosf relevant to this study: (1) lack of identification due to
simultanéous equation bias; (2) or‘to multi-cqllinearity; and (3) difficulties
in the definition and estimation of the capital stock. |

Thé greatest-hurdle in making productibn function estimates credible

to econometricians {s the lack of identification due to simultaneous equation .

bias. One tour de force that can be performed is to incorporate simultaneous
equation bias into one's theory thereby making it an effect we wish to measure

rather than a "bias,"” Granted the purpose of our estimates, imstitutional
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realities in Yugoslavia make it possible, even essential, te-incorporate cer-
tain mechanisms of resource allocat1on into the aggregate paraneters. Speci-
ifically, the dlstrlbutlon of management ability and the intra-industry invest-
ment allocation mechanlsm are effects which are built into our estimates of the
cepital and labor coefficients, Effects of this type that are included in our
estimates of the coef£1C1ents are consequently excluded from the measure of
;echnical progress. The rationalelfor not including management‘and investment
effects under the technical progress rubric are explained later in this section.
'Even if'the'reader agrees to go along with us and like some of the
things which cannot be changed, the problem of correctlng what isn't liked re-
‘mains: A model and an estlmator are needed that will ellmlnate the unwanted

portion of the bias. Our approach is to first specify a model which is appro-

priate to the Yugoslav economy, and define six different statistical estima-

tors of the parameters of the model, Next, on a priori grounds these six esti
mators erercfudely ranked in two ways: according to the possible biases that
might af?ect them; and according to their expected efficiency. Finally, after
the estimates are computed, select the most bias free estimator that meets a

. minimum efficiency standard. Anticipating the conclusion, the estimator which
‘yranks highest (under aifavored assumption iﬁ is coﬁpletely bias free) and

“the estimatoe which ranksnlowest on our bias‘scale but has maximum efficiency,
fgive nearly ideﬁtical results for aggregate sectors. Consequently, we concluee
“that simultaneous>equation bias is not an important problem with the model
used and that con51deratlons of efficiency may be allowed to determlne the
‘pest overall estimator., We will treat the other two problems of production
“function estimation more briefly since, with respect to multi-collinearity,

“there is not much that can be said, and with respect to the capital stocl: a

*fjore detailed disucssion is given in the Appendix.
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“In a properly Specifled model, the deleterious effects of mu1t1-collin-
earity reveal themselves 1n.1;rge standard errors for the coefficients.2 How-
ever, Brown's concern (and that of the myriad scholars he c1tes) is that the
true values of capital, labor and output prescribed by our theory are so highly
correlated. in the data sample that the parameter estlmates are really being
fitted to perturbétiéns in the data arising from short run disequilibria, momo-~
poly imperfections, and so forth., Not being able to oesetve short run dis=-
equilibria, monopoly imper fections and similar phenomena, no real test of this
assertion is possible. We would expect, however, that if the‘estimates vere
principally determlned oy such perturbatlons the parameter estimates for dif-
ferent, Lndependent cross-section samples would be highly unstable. e do
not feel our estimates show this degree of instability, but the reader may
resefve judgment until the estimates are presented., There is no question but
that multiecollineatity in the data is high. For example, from the.Employﬁent
»grouplng in Table 2 the -capital-labor correlatlon is .%86, the capital-output
«991, and labor-output .999.4 These hlgh correlatlons are typical of the
crossosggtion data and yet they do not cause destructive increases in the stane
dayd erroré of the coefficients; Another statistic from Table 2 suggests the
reason for this: while multi-collinearity is large, so too is the range of

the capital-labor ratio (from a minimum value of 1.2 to a maximum of 5.2).

2“Thus the standard errors should give ample warning of the imprecision

atteching to the estimates of the separate effects of Xy and X4, when the two
variables are highly correlated" J. Johnston, Econometric Methods (New York:
McGraw Hill, 1960), p. 204,

3Brown, op. cit., p. 37,

_ 4'.l‘he measure presented is computed from umnweighted, per-firm data for
the twelve size categories, .
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This great range of the ratio of the independent variables provides adequate -
information for the estimation of statiatica1Ly,significanc,eoefficienta. e

.. .. - Hopefully, the range is also sufficient to overcome the distorting. -

effects of any systematic perturbations of the ;ypeﬂmentionedwpy quwn. Like
the cross-section data, the time-series also exhibits high multi-collinearity.
. In this case, however, the range is much smaller, and comsequently we place . .-
as little emphasis as possible on the use of time-seriearto unscramble the.
competing effects of capital and labor. B Ot S
. While identification is the statistical hurdle most prqmineatly hindering
~ ecreditable estimates, the theoretical problem of greatest difficulty is how to
-nBaSure capital's contribution to product1on. It is this difficulty that leads
Professor Hicks to question the validity of any attempt to productlon function
estimation similar to the type we prOpose.»,Ihe more detailed questions of
, deflation and measurements of capital stock are relegated to Appendix C Ac,
,ghis>poih; we are only concerned with the more overriding question of whethexr
or_noﬁ theoretical problems in the definition of capital and in the contribue
tien of copital to production make it a "yain endeavor to construct statistical
production functions.” In a recent review of this literature, Israel M, Kerz-
ner5 convinc1nnly concludes. that whether capital is to be treated as a flow
of services or as a stock of goods whose very existence contrlbutes to Qroduc-
tion with no diminishment of the stock's capability, depends on the time period‘
of the ana1y51s. Where the relevant time period is the plannlng horizon of
the firm, all 1nputs must be considered varxable so.that a flow approach is
~he proper one. On the other hand, as we consider shorter and shorter time

periods, more variables become fixed for the purpose of analysls and it

SAn Essay on Capital (New York: August M. Kelley, 1966), particularly
Chapter Two. ' ‘
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becomes appropriate to treat them as a stock which contributes to production i
simply by its presence. This latter approach is espoused by Trygve Haavelmo6
end adopted by us. In adopting the position that capital contributes to pro-
duétion simplf by its presence ratﬁer than by providing a stream of services,
we subJect ourselves to Kerzner's criticism of this approach., Essentially it
is that we neglecL the question of mu1t1 -period plannlng which both generates
‘the capital stock at the beginning of the year and which receives it at the
~ termination of each year.
One of the principal difficulties in the Haavelmo model is the necessity
of ‘adjusting for differing durabilities of capital goods, a problem which is
discussed in the capital stock Appendix C. It will euffice here to mention
that we make no such attempt at adjustment in the cross-section data and con-
sequently make the implicit assumption that the durabillty mix for the capital
" stock of firms in different size categories is all equal. In the time series
dats we make an explicit adjustment for the varying durabilities of eguipmene
as opposed to structures.
Buttressed by these comments, we hope the reader will hoid his skepticism
in abeyance while the model and its statietical estimators are discussed in
detail, Those more interested in results than method may skip the following

section without great loss. : : -

Data, Model, and Estimators

It is assumed that the real output of the enterprise depends on five
inputs, three measureable and two not measureable: the former are the input

of labor in man years, the input of capital goods measured in constant price

. 6A study in the Theory of Investment (Chicago: University of Chicago
Press, 1960). :
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dollars (and adjusted for differing durabilities), and 1ntermediate inputs; -
the jatter are the skill of management in combining the productive factors, and
the state of technological knowledge. A visual introduction to these vari-
aﬁles'is given in equation (1.1) where ¥, L, K and G denote the quantitatively
cbservable variables--output; labor, capital and intermediate goods;.and M and
T represent the non-observable variables--management and technology. This
orerly abstract statement is intended to serve only as a peg for diseussing
sonefotﬂthe more general problems of production function estimation.
(1.1) Y = £(,L,G: M,T)
oﬁf first problem is aggregation. We”begin“with a description of the

_data generated by the disaggregate flrm and discuss, step by step, the aggre-
gations ‘made by ourselves and the Federal Statistical Bureau of Yugoslavia
(SZS). AThls somevwhat round—about process aerves-to emphaSLZe that the under= »
'lyinD data collectlon is done on an exhaustive basis coverlng all firms each
year° Although the publlshed variables and aggregates vary from year to year
' they are generated by the same censal process, At times we are forced to
spllce together various serleskhecause the data for the entlre ‘population 15
not publlshed annually. The underlying contlnulty of the censal process is
important since it means we do not have such seriouo problems in comparing
vdata from different time periods and different sectors as we would have 1if
they'were generated by differing sets of surveys and samples, What we hane
_ére'Various windows looking into the population of firms, the nindows change
their.loeation through time, but they always continue to observe the complete

population of firms without distortion.

Since 1958 indivxdual firm data coverino a multitude of variables in-

D e

cluding K., K and G are available to the SZS on an annual basis._ For a few
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years this data is alsé available outside of Yugoslavia and can serve as the
basis for making a complétely disaggregate study., For reasons .of cost and
aﬁailability, our study does not utilize such data but instead relies on pub-
licly available aggregates. The aggregation of firms into industries is an
obvious first step. In this direction it is possible to obtain much‘of our
.data for a &l-sector breakdown of the economy. However, even this level of
aggregation is too burdensome.

Table 1 describes how we aggregate ;he nine basic sectors of;the economy
into six, and how the twenty-two branches of industry and of mining ére aggre-
gated into twelve. This aggregation'of firms into industries is not as destruc-
tive to information as it might appeaf sincé after 1962 we have available
cross-sectional data on each of the industries. Tbe cross-section data, des=-

" ecribed in more detail below, groups firms in each induspry according to their
'size so that our aggregation ultimately produces &Hé observable variables of
(1.1) for each of nincteen industries (two aggregates and seventeen independent
branches) cross-classified Ey 12 size categoriés. In the dimensipns.of ceo=
graphy, we use a S-region aggregaté,7' With respect to the temporal unit, al-
though some of the data is available on a monthly basis, we are not sufficiently
interested in short-term dynamics to attempt to utilize this information: ;he
basic unit of analysis is éﬁe year. In summary, the first step in simplifying
the data is to aggregate into 19 industrial branches, 12 size categories, 5
regibns, and all in all, some 15 years. Obviously, this still léaves us with

a need for much further simplification,

7(1) Yugoslavia; (2) North (Slovenia, Croatia and Vojvodina); (3) South
(Bosnia and Hercegovina, Montenegro, Macedonia, Serbia proper, the Kosmet);
(4) Serbia proper; (5) South less Serbia proper. :
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=~<.- - The -greatest c&ntrlbutlon to data simplicity, and the greatest loss to
information occurs because the cross-section data does not become pub11c1y |
dvailable until 1962. At the time of this writing, a time series of the cross=
gection data by our nineteen sectors is available for 1962 through 1966. How-
ever, we will only be - concermned with two years of this data: 1263 and 1664.
'The year 1962 was one of mini-recessions and the existence of excess capacity
fn many plants makes it ill-suited for supply analysis.' The years 1965 and
1966 are beyond our temporal. focus and, particularly in the later years also
suffer from the fact that severe c¢ut-backs in the rate of growth and transition
problems associated with the reform of 1665 again cause low capacity and labor
utilization to distort production re}étionshipé. A pilot study described below
shows that the incorporation of years subsequent to 1964 does not improve the
estimates. The lack of availability of size-classified data further restricts
- ‘our- attention to Yugoslavia as a whole. Only for the sector industry and
mining is data available by size category and by republics. This breakdownvv
for iﬁdustry and mining doec enable us to make trial tests of parameter stability
over regions, but an extensive.anaiysis of stability for all sectors is not .
possible. L SLael Too. e enll ot
:27° . What we are left with by these aggregations and data black-out are
three basic sets of data: _first, time-series data for the years 1952 to 1566
'hccdrding to 19 economic sectors and 5 regions; second, for the lé sectors,
?for.Yugoslavia only,_for the years 1963 and 1964 we have cross;section data
where the cross-section grouping is according to the size of the firm with 12
-levels Dbeing presented' third, for indﬁstry and mining alone, for 1963 and

1964 and also for 1965 through 1967 the same aforementioned Cross- secLion

‘data further presented according to Republics.

RN 1
s -
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TABLE I

AGGREGATION OF PRODUCTIVE SCCIAL SECTOR ACTIVITIES:
ECONOHIC GROWTH CENTER AND RELATED TWO-DIGIT

YUGOSLAV CLASSIFICATIONQ |

Total Productive Séctqr
Indus&ry & Mining
Agriculture & Fishing
Constrﬁction

Transport & Communications
Handcraft ‘

Other (Forestry, Trade, and Utilities)

INDUSTRY AND MINING

Electricity

< Coal and Coal Mining

Food, Drink,'Tbbacco

Textiles and Clothihg

iTlmber and Furniture

Paper Prlntlng and Publlshlng
Leather, Rubber ‘and Footwear
Stone, Clay and Glass
Chefiicals and Petroleum
Metal Using ° _ ' .
Metal Making |

Miscellaneous

YWe

R
'.i‘-‘-: - llo'

003, 006,

000
001
002
oou
005
007

008

111

142

© 1217,

129

124

123,
125,
116,
113,
117,

11u,

133
128
126
121

120

119

115

118, 130, 131, 132
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Ve 1n£tia11y focus attention on the terminal yeats 1965 and 1964 where
the best data isisvailable, analyze this peried in detail, then use the re-
sults obtained from thlS benchmark to investigate the time path which brought
the ‘economy to thlS terminal p01nt. A crucial step in the statistical ana1y31s
16 to use the output elasticities obtained from the 1963-64 cross-section
analysls as extrancous estimators for our ana1y51s of technglcgica1 change
1n the broader 1952 to 1962 period.

Equation (1.1) postulates a relationship between gross output and a
set of inputs which include intermediate products. A significant simplifica=~ .
thﬂ of the analysis is achieved by deleting 1ntermedlate products from the in-
puts and relating value added to capital, 1abor,‘and the non-observable
variables. Table 1 presents evidence that SUggests this constriction of the
8n81YS13 does not have any serious effects on our appraisal of the sautces of
'gfowth. This table presents for the total economy (social plus private sectors),
the 50c131 sector, and industry and mining, the ratio of intermediate products
consumed to value added For each of these three sectors of the economy,

Bdt particularly for the first two, the change in, this ratio between 1962 and
_1964 is'nnimportant. In a more practical'vein, although we do have current
ﬁricejtiné series dsta on intermediate goods (the variable G): no deflated
deries are cutrently availsble and the possible gain from creating such a
series does not seem to be worth the work required.

The question of whether or not to include intermediate:goods also
srises.in our analysis of the cross-section data. Since we mean to use this
data to obtain extraneous estimators of'0utput elasticities, there is the possi-
iiiity'that the omission of intermediate goods from the production relation~

ship will be a mis~-specification of the true model and consequently lead to
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- TABLE 2
RATIO OF MATERTAL EXPENDITUKE TO VALUE ADDED S
(SOCIAL PRODUCT)® . - - . .
SECTOR ' - 1952 1959 1964
Total Economy ' ) .95 ' 1.05 .96
Social Sector | 95 1,05 .96
Industry and Mining -v'._f -1;15 .}ufﬂ7;¥f;;73?"5r' C1.24

el

% A1l underlyiﬁg measures are in turrent prices and taken from SB 228 and SG 1966. -

12

YN
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biased estimates of the capital and labor oufput coefficients. When uéing
value added as a dependent vatiable, the.iﬁclusibn of intermediate goods as an
independent variaﬁle implies that these goods can be substituted for either
capital or labor to obtain increases in value added.8 To our knowiedge no
empirical evidence on this question is available; In the Yugoslav cross-section
data there is a tendency for the larger firms to haveirelatively higﬁ capital/
labor, output/labor, and intermediate-good/labor ratios. This could mean that
larger firms tend to substitute intermediate goods for labor thus biasing the
’ coefficients bf a model which excludes intermediate goods. Unfortunately, we
do not have adequate data for making a rigorous.test of this possibility.' In
all the work that follows we assume th;t the'input of intermediate products
does not influence the output of value addeﬁ. | |

The next variable, one particularly important éo the cross-sectioﬁ
‘analysis, is management ability as denoted by the variable M in equétion (1.1).
_ DiStinguishing technology, as represented By T, from the ability of ﬁanagement
is an awlward definitional problem. For our purposes it will Sufficé to de=~
fine managerial input és‘a class of decisions: specifically, those dealing
with pricing, organization, finance, and product line decisions. These de=~
cisions are.to be distingui?hed from the.more purely technological omes con-
cerning plant layout, production processes, etc, that relate machines and
labor to output. While "management decisions' are made at all }evels, they
are concentrated iﬁ the Director and Workers' Cobncii. This distinction is
1ﬁportant because we argue that in under-developed countries the absence of
a large stock of professional managers or an annual crop of business echool

graduates means that the principal determinant of management capability is

-8A brief survey of this literature is available in Murray Brown, op.
cit., pp. 120-127.
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management experience, and this experience is gained by Operating.the plant
where that management is currently employed. Not only is formal education
without experience a relatively unimportant determinant of management capability,
but also there is a smali amount of management switching between enterprises.
Certainly, in the case where management is selected on the basis of political
ra;her than economic considerations, we may attribute éuperior performance by
management in the larger firms to the experience they geﬁ from runniﬁg such
firms.

But it is Workers' Management in Yugoslavia that is a more overriding
reason for feeling that management capability is a non-transferable input.
~Since the top policy-making boards of.the enterprise, the Workers' Council and
ﬁhe‘Board,of Management, are electéd on a rotational basis from émong the work-
ers, it can be argued that a correlation betﬁeéﬂ the efficiency of manazement
and the size of the firm is a direct conséquence of that scale. Formally, we
_nﬁy'eXpress-this aséoqiation Between management skill and the scale of opera-
tions by the functioning in (1.2). That is, we measure the scale of opera-
tions by the inputs capital and labor,

12) M= g (K,L)
The consequence of thisvdgfinition is that we attribute to the capital and
labor inputs their role in improving management as well as their direct produc~-
. tive uses; therefore, it is implied Fhat largeness is itself the source 6f '
_ management improvement, so that increases in scale provoke automatic increases

in efficiency.

9We_do not know of anmy surveys that present data on the extent to which
the recruiting of management is donme internally. The ILO describes the formal
requirements for "open competition,'" but also notes that these were oiten not
guccessful because of the lack of qualified candidates. Workers Manacement in
Yugoslavia (Geneva: 1962), p. 102, fr. 3. In the one relevant example cited
by the ILO, a new director was internally promoted. Ibid., p. 115.
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A related'probleqxwith a similar solﬁtion is posed by investment poli-
cies, Central planning of investment may result in the most efficient firms
getting the largest allocation of investment funds so that efficient firms are
large and inefficient firms small. This iﬁtra-industry efficiency of invest-
ment allocation is an effect that will be e@bodied in our production.fruition
éstimates.lo It is a bias if the sole objective is to gstimate pafameters
for a representativé individual firm, However, where we wish to measure
sources of growth, it is permissible to consider the intra-industry investment
allocation mechanism as an unchanging, "invisible hand." Consequently, para-’
meéer estimates incorporate the activities of both thpse economic agents who
allocate intra-industry investment as well as those agents' management who
determine production éiven the set.of available resources.11 For the 1952-196&4

_period, this former set of agents would include members of the Nationél Banlk,
;He Investment Bank., The effects of inter-industry allocation, or "investment
strétegy"-and typically practices by a planniqg'bufeau are absent exceépt in
estimates for aggregate sectors.

A modified ﬁroduction ralationship incorporating value added‘rather

.than gross output as the indepeﬁdent varisble and removing intermediate goods
management skill as inputs_is given by equation (1.3) where Y denotes value
added. The companion piece mentioned earlier adjusts for changes in the

(1.3) Y= h(,L;T)

1QWhere data or the individual firm is available Yair Mundlak describes
how "management bias' may be removed by covariance analysis. Sec his "Estima-
tion of Production and Behavioral Functions from a Combination of Cross-Section
and Time-Series Data" Measurement in Fconomics: Studies in Mathematical Economics
«-Fconometrics in Memory of Yepupa Grunfcld  (Stanford: Stanford University
"Press, 1963), p. 143. Since our cross-section data is grouped, this approach
{s not available. : :

11".l‘hi.s distinction between agents is advocated by Thomas Marschalz, "On
the Comparison of Centralized and Decentralized Economics,' American Fconomic
Review: Papers and Proceedings, May 1969, Vol. 57, No. 2,
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length of the work weel, the participation ratio for women, education, and _ i -
other variables influencing labor input, but at this point we rely on a crude
man-year definition of labor input. The capital variable is based upon the

purchase cost to the enterprise, or accounting value before depreciation. The

cross-section studies: in 1963 and 1964 benefit from a revalorization of all

‘capital goods in Yugoslavia in 1962 which sought to adjust their book value to
current market prices, but nc attempt I3 made to deflate the 1963 and 1564
increments in the capital stock in constant doliars, nor is there any attempt
to weigh the various equipment and structural components'according to dura-
bilities. HOWever,'as discussed in the data appendix, the time series of
'capital stock does correct for dura01lvt1e and price change. We now turn to
the question of functional forms. ‘

While a great variety of functional forms are-pote?tially dvailable
for this analysis we comsider only two as serious contenderS' a conventional
Cobb-Douglas type function with dlsembodled technoloalcal provress as intro-
duced by Solow; and a CES productlon functlon of the form fltted by Martln L.
Weitzman to the Soviet economy.12 We conclude in favor of a Cobb-Douglas function.

This is important since Weitzman's objective is similar to Qurs, and
centers its focus on the same time period, The most important factor leading
Weitzman to fit a CES rather than 2 Cobb—Dougla; function is the ;apid in-
crease in the Soviet capital/labor ratic during the period from 1950 to 1966:
it increased from a base of 100 in 1952, to 150 by 1”5 and 286 by 1964.
Clearly, capital/labor substitution is an important part of Sov1et growth so

that if the elasticity of substitution is mlaraLenlj aSSumed to be unity, this

: 12Marun L. Weitzman, "Soviet Postwar Economic Growth and Capital Labor
Substitution," Cowles Foundation Discussion Papnr No, 256, October 30, 1763.
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speclflcatlon error may have an important effect upon results. The situation

in Yugoslavra is quite dlfferent. For the SOClal sector the same capital/labor

ratio with a base 1952 value of 100 actually declrnes to .94 by l°5 and in-

creases only moderately to 1.20 by 1966.13 Therefore, due to the absence of

capltalllabor substitution the implicit assumption of the Cobb- DOuolas functlon'

that the elastrcrty of SubStltuthn is unlty cannot be of great importance to

the analysrs. For the briefer perlod 1052 to 1C66 the unlmportance of sub-

stltutlon becomes still clearer--the 1264 value 1is only 106. This does show,

however, that between 1“61 and 1066 the capltalllaoor ratlo grew by 13 percen~

tage points so that a model of the post-reform economy may require a CES

'functlon performed by Weitzman.

Equation (1.4) summarizes our descrlptlon of the avarlable data and our

de0151on to 1ncorporate it into a Cobb -Douglas type functlon. Data limltations

lmpose that the cross-section varrables referenced by the subscripts are available
- only for 1963 and 1964' and wrth the exceptron of industry and mlnlng, we do
not have these cross- sectlons avallable by regions. Two additional varlaoles

included 1n the data appendix but not included in relationship (1.4) are pro-

v1ded by a breakdown of the capltal stock into its structures and equipment

components. Slnce this subdrvrslon is not avallable for the cross-section

data it is 51mp1er to omit it from the dlscusslon at this time.
o 8

ir ir
° = A
(1.4) Yirts irt irts irts

ﬂ ‘ i refers to 1¢ industries of which two (the total

o ' for the social sector and the total for industry
and mining) are obtained as aggregates of the
others, so there are 17 independent industries.

13'l‘he fact that Yugoslav social sector includes agriculture does not
{mportantly distort these findings since the socialized part of agriculture
is comparatively small and the capltal/labor ratio in that branch has a move-
ment similar to the aggregate social sector: 100 in 1¢51; .92 in 1959; and
finally, 1.13 in 1966,

v



r * refers to 5 regions of which two (Yugoslavia
and the South) are obtained as aggregates, SO
there are 3 independent regions: North, Serbia
Proper and South less Serbia Proper.

t refers to the 13 years 1952 to 1964,
and s refers to the 12 size of firm categories (de-
fined either by employment, capital stock or
~output).

In addition to specifying a Cobb-Dougias.function, (1.4)‘indicates thgt
returns to scale, measured as the sum of o plus 8, is a variable to be esti-
mated from the data, and that both the capital and labor coefficients are
allowed to vary by industry and by region. Different capital/labor coefflcients
for different indgstries is a specification that can hardly be questioned.
biffering coefficienté by regions, however, is a specification that may be un~
necessary and one that we can and do test for. : -

All estimates are based upon the assumption that technical progress is
neutral and disembodied. Consequently, there are no time subscripts to either
alpha or beta. Besides being neutral and disémbbdied, ve oftén will find it
useful to assume that technological progréss, as indicated by equation (1.5),
is smooth and exponential in its occurrence.

(1.5) Airt = Exp (Airt)
Before beginning a discussion of the stochastic specifications of the'regfes~r
sions, it is necessary to briefly consider the.broader sets of simulteneous
equations from which we have lifted the producgion relatiohship (1.4).

The identification question was introduced earlierlwith the quotations
from Professors Malinﬁaud and Brown. It was argued that in a study such as
éurs with limited ‘objectives, it is possible to partially dodge the issue by

accepting certain types.of bias as being desirable. Management bias is an

- example of this. Beyond these effects there are many other sources of
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possible bias, however, which we hope to eliminate by the seiection'of an
appropriate model and estimator.rrldealiy, wejneed a theory of behavior for
Yugoslav: enterprises, a theory which will tell how available resources, the
decentralized ﬁarket ~system, worke¥s management, and centrally influenced in-
vestment allocatlon determine the cap1ta1 and 1abor 1nputs.‘ Unfortunately,
in our opinion, no such theory is curréntly avallable nor does any seem possible
without extensive 1nvest1gat10ns of empirical behavior. Whlle we will make
some conjectures, these are too tentative to serve as the basis for deriving
a set of simultaneous equations that can serve econometric needs. Consequently,
ﬁg instead concentrate upon single equation methods that.a;e the least subject

to errors of model specification.

e

Six siqgle-equatiopkestima;ors are tgied. Some of these are completely
bais-free_if one grants their assumption. Generaily, hgweygr, it is qﬁite |
Qfoiculg to tell whether these assumptions are satisfied or not. For example,
fhe use of lagged values,of therindependent'variables as instrumental variables
produces bias- -free estimates if the 1agoed values are not correlated W1tL the
contemporary error terms It would seem that many of the transitory factors
,shch as weather which affect prpduction in one year and produce a correlation
between the error term and one of the-input y?riablés might not exist in subse-
quehtiyears. On_the‘other hand, one can also think of éffects such as we
~ have described for management and intra- 1ndustry>1nvestment allocation which
would continue for long periods. While a variety of assumptlons of this type
underlie the different estimators, there is one assumption used by some of

ﬁhe estimators and>not by others, that appearé.by us to be strongly justified
py;the reali;ies of the Yugoslav economy. This is that the capital stock,
gpﬁe for,the intra-industry investment gllqcat;on effect Qescribed above, is

free of correlation with the error term.
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This.aSSumption.of a zero correlation is based on two facts: first,
investment is determined by the development plan and the intra-industry invest-
ment allocation mechanism, and not by the rate of interest.14 Second, there
is a substantial lag between the initiation of new investment products and
the time when their output first comes on stream, This lag is usually esti-

 .mat¢d gé;gé_from three to four years in duration on the avérage. Consequently,
 1:éhaﬁgé;ii;?ch§:capital stocl: this year are consequently.decisions made some
years ago,ideeisions'that are not apt to be influenced by the size of ;he cur-
Jrent'error téfuu: Mundlak supports this point of view even for capitalist
economy by a¥guing that in a model using annual data, capital may be treated
as a fixed factor.l.5

Equation (l.6) gives the essential étochastic specifications:
(1.6) Eirts = Hirt Uirts

The error term E is composed of two statistically independent components: the

first terngfﬁ, measures those perturbationé which are common to firms of all
sizes, but which vary from year to year; and tﬂe second term, U, measﬁres those
perturbations which differ both froﬁ yéar to year, and from firm to firm. If
the two variables H and U are uncorrelated with the inputs K and L, thén esti-
mates of alpha and beta are unbiased estimates of the theoretical concepts

which we seek to measure, However, correlations between either of the two

stochastic components and the inputs cause a biased parameter estimate. Ve

shall call correlation between the inputs and H "temporal bias," and correlation

14Given the substantial inflation of the past two decades, the State

levy of less than six per cent on fixed assets, and the interest charge on
borrowed funds are not sufficiently great to serve to ration investment funds.

15Mundlak,_gp_. cit., p. 146,
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between tbe'inpets and U "simultanebus equation bias." We next give a brief

descriptlon of the theory underlylng the various estimators used, -~ eI

Change notarlon so that upper case ‘letters denote ‘natural - logarlthnﬁ

temporarlly suppress the industry and region subscripts,‘and con51der the

relatlonshlp (1.4) and (1.6). Ue then have the folloW1ng equatlons correspon-
’ . o o B ‘!
d1ng to (1 4) and (1 6): ' E R ST e 3

(1.4a) Y a,_. + aKt'S +"3K£S T S -

ts

(.6a) Ets Bovu,

T B

Temporal bias, the H effect, may be eliminated b&’ﬁsiﬁg “eovariance estima-

tes."16 A stralghtforward application of the covariance technique involves

definlng dummy tlme VarLables and estlmatlng thelr coefficients which are un-
biased estimates of H £ If one is not 1nterested in knowing the values of H
_but only in obtalnlng unblased estimates of @ and B , the same result may be

obtalned by deflnlng‘the six varlables “of (1 ha) and (l.6a) as deviations from

thelr annual means. Denoting annual deviates by lower case letters, we have,

for example,

vhere Y _is a simple average taken over the 12 size categories: ~Lf we use the

annual deviates
_ , ‘ vt . :
kege s 204 Vg .
- 17

Vin (1 4a), then h, is eliminated from (1.6a) and e  equals u, .

This transformatlon, however, still does not remove the simultaneous

equation bias which may be present if there is correlation between either kts

16For a discussion of the genmeral theory of covariance estimators, see
Henry Scheffe, The Analysis of Variance (New York: John Wiley & Son, 1959),
ppo 192"22 Oo

17We are free to paramaterize our model so that 'T-ht = h, = O.
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or & and u . Given our inability to specify a simultaneous equation model,

ts ts.

we instead use the singie equation techniques of grouping and instrumental
,#ariables to ameliorate this effect. The consequences of grouping firms in
the cross section data according tb the size of employments or fixed. assets

is discussed later in Section II. The techniqﬁe of instrumental var%ables and

its derivatives is discussed next.

The instrumental variables used are the lagged values of the independent

The standard technique is treated in any of the

‘yvariables k and lt-

t-1,s 1,s®

textbooks on econometrics and needs no description here. In addition to the
standard estimator, however, we also use a hybrid proposed by Mundlak18 which
requires some explanation. The Mundlak estimator is a combination of three

estimators: the ordinary least squares estimator .obtained from (l.4a) and

-~ ~

~ (1.6a), denoted by ( @,B ); the covariance estimator denoted by ( © , B) and

the instrumental variable estimator obtained by using Kt-l and Lt- . as

1l s

) 2

2y 19
instruments for Kts and Lts’ ;nd denoted by (_a , 8.
Defining the covariance matrix of the independent variables for the

estimators by A, A and A, we have:

KI R
A = (K,L),
L
FS . rk
A-= & (k, 2)
.~ {K
A = ~1 (K,L).
'
L
18, .
lbld., PP. 160'163.
19

. 1f one is willing to concede our argument that no correlation exists
between capital and the error term, then only labor need be used as an instru-
ment. Estimators using only one instrumental variable, labor, are called
Type 1; estimators using two are called Type 2,



between the inputs and u "51mu1taneous equation bias." We next give a brief

descriptlon of the theory underlylng the various estimators used.

Change notation so that upper case letters denote natural logarlthus

'temporarlly suppress the 1ndustry and reglon Subscrlpts and consider the
relationship (1.4) and (1.6). We then have the followxng equations correspon-

dlng to (1 4) and (1.6)

+
apg aKts + BKts

Ht + U

(1.4a) Y

It

]

(1‘63?’,Ets ts

Temporal blas the H effect, may be eliminated.by using "covariance estima-

tes, ulb A stralghtxorward application of the covariance technlque involves

deflnlng dummy time varlables and estlmatlng their coefficients which are un=

blased estlmates of H If one is not 1nterested in cncw1ng the values of Ht’

,but only in obta1n1ng unolased estimates of @ and B , the same result may be

obtalned by deflnlno the six varlables of (1 4a) and (1 6a) as deviations from

their annual means. Denotlng annual deviates by lower case letters, we have,

for example,

yts Yts t?

vhere Yt is a simple average taken over the 12 size categories. If we use the

annual deviates

- E - " )
kts’ ts and Yis
17

equals u__.

in (1,4a), then h is eliminated from (1.6a) and e rs

ts

This transformatlon, however, still does not remove the simultaneous

i i b e e et b e

equation bias which may be present if there is correlation between either kts

6.
[ 1 For a discussion oF the general theory of covariance estimators, see

Henry Scheffe, The Analysis of Variance (New York: John Wiley & Son, 1959)
pp. 192-220, S oot

17We are free to paramaterize our model so that Eht = h, = 0,
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vhere Y, K, L, k, 2, K_,, L—l’ are N x 1 vestors of observation. The corres=

ponding least squares parameter estimates are then

- _
a |- 1| ¥
= A Y, Simple Least Squares Estimator
B L
; “_].r-lc'-1 . ! )
. = A y, Covariance Estimator
LB . 2!
-~ 1!-K' -4
- = A "=l Yy, Instrumental Variables Estimator,
| 8 L'__1 Type 2 (Both capital and labor used
T —- as instruments) ' :

-~ ~

The Mundlak estimator_{ o, 8) is defined by

o N T
A = A-l ' -1 Y. Mundlak Estimator, Type 2
1o 1ot .
| 8 L=~y | X
. Where -
A K'-k'-K'_l
A = (R-k-K ., L-2-1_,).
L"E"'L'" )

1
That is, the variables from (l.4a) and (1.6a) are corrected to rémoverboth
temporal and simultaheous equation bias, but they still utilize the full range
"of the 6riginal data, which is present in the simplg least squares estimator.
Although not unbiased, the Mundlak estimators are consistent under the
assumption of profit maximization if two conditions are satisfied: one is that
temporal changes in the prices of capital or labor and output are not corre~
lated with the time effects, Ht; and other is that changes in Ht over time are
independent of the level of Ht' Zven if we grant profit méximization, can we
really expect these two subsidiary conditicns to hold? From sheer ignorance,
agnosticism concerning the latter condition might be granted; however, the

former conditionms,, particularly the presumed independ2nce of the wage rate
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and temporal effecté, is not apt to be so easily obtained. One iﬁportant con-~
gributor to H for the cross-section data is change in price of Outputs.(non-'
deflated output data is used), It is difficult to be confldent that in either
an Illyrian or'Capitalistic Economy changes in wages are independent of
changes in éhe price of outputs. These uncertainties must raise doubts about
the Mundlak Estimator, both Type 1 and Type 2, These estimators are neverthe-
less included because they promise to be more efficient than other estimators
with comparable bias. A less b1ased less efficient estlmator is dlSCussed
next.

One method of eliminating temporal and 51mu1taneous equation bias is
to use the combined estimator ( o, B) Wthh we call a covarlance/lnstrumental

. estimator and which is given by

v '
a v k -1
= A y, Covariance/Instrumental
E 4_27-1 Estimator, Type 2
v | k'
where A = .
' '
2:"1 [k,E].

while this estimator is unbiased, it loses efficiency because all
the lower case variables, being mean deviates, have a smaller range of values
than does. the originalﬂdaté. The Mundlak estimator improves efficiency by
© utilizing the full range of the original data. With the exception.of what we
will call a Reverse Covar;ance Estimator (described below on page 33 ), we
have now introduced all tbe candidates.

How does the econometrician choose? The basic choice is between bias
‘and.efficieﬁcy, but even that choice is complicated by the existence of alter-
pative model specifications; most 1mportant1y, should capital be assumed inde-

pendent of the error term. Our very crude procedure is first, in advance of
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computing the estimates, to rank the estimators according to their éxpected
freedom from bias; second, define error measures that can be applied to the
estimates to judge how well they meet other a priori conditions we impbse; and
third, search among the estimates to find one that has an acceptable combina-
tion of freedém from bias and error. It.is to be expected that frgedom from
bias and freedom from error will be inversely related. |
Prior to attempting a ranking of the estimators, according to freedom

from bias both the simple least squares and instrumental variable estimators
may be completely eliminated as unacceptable. These estimators do not eliminate
the temporal bias, Ht' Since the cross section data is not price deflated, Ht
.will introduce significant bias unless some form of covariance estimator is
used, We suggest the following ranking of the rémaining estimators as a
rough indicator of their freedom from bias: if we assume capital and the error
terms are not correlated, |

Al, Reverse Covariance

A2, Covariance/Instrumental, Type 1

A3, Mundlak, Type 1 |

A4, Covariance; |
and if we assume capital and the error term are correlated,

Bl. Covariance/Instrumental, Type 2

B2, Mundlak,.Type 2

B3. Covariance

B4, Reverse Covariance.
No extended defense.of these lists is planned or possible. Note, however that
it would be unadmissably inefficient to use Type 2 estimators under the A
classification, and it wéuld introduce inadmissable bias to use Type 1 esti-

mators under the B classification, For reasons already explained covariance/
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1nﬂtrumenta1 is superior to Mundlak and with some trepidation, we place co-

Vﬂtiﬂnce after Mundlak., The reason why reverse covariance dominates the A

claqqification is explained later.

'.'}l_,‘

Baving obtained a ranking on the criterion of minimum bias, we must -
nexq define measures that indicate the extent to which an estimator violates
thg g_prlorx side condltlons we wish to impose. Violation of these side con-
??ions may be taken as evidence that low eff1c1ency and resulting high

agepdard errors are at fauli, or simply that an unacceptable degree of bias

; al
ig B;esent. The weakest such ‘~onditjon is zhat parameter values be positive,

81i§'t1y stronger is the condition tha< they be both positive and statistically
.ngpificant. A 51mp1e count of bo:h these conditions over the 2 x 19 para- —

ﬂgw.estlmates computed for each estimator provides the best measure. 1f one
he.é'm;iling to assume profit maximization and perfect competition, it is alcor

——-‘

me

Q@é' ngful to compute a coefficient of variation for the marginal products of

ercbiinput for each estimator.- High values of the coefficient of variation

WQQEa be indicative of low efflciency in the estimatorr We do compute co~

effi?ients of 'variation for two estimators, but more from curiosity than con-
:" ‘

v}gﬁﬂon, In summery, we seek the estimator that promises minimum bias, and

—whiqh does not generate an- unacceptable number of non-positive parameter

r!'




CROSS-SECTION ESTIMATES OF LABOR AND CAPITAL
QUTPUT ELASTICITIES

INTRCODUCTION

Our first task is to use the 1963 and 1964 cross-section data to esti-
mate output elasticities for capital and labor.- The objective is to‘obtain
. from this data unbiased, or at least consistent, estimates of output elas-
ticities which will later be used as extraneous estlmators in the time serxes
analysis. A general discussion of the statistioal model has been g;ven. How=
ever, peculiarities of the grouped, cross-section data require modification
of the estimators presented on pages 22 to 24 ‘in order to increase efficiency.

‘Poward that end consider equation (2.1):

+8,L _+H _+1U

2.1 ¥ =4 i“its it its

its = Pits © o8
wheze i = 1 ... 19; t = 1962, 1963, 19643 s = 1 ... 12, AlL of the variables
are described earliexr, but note that no attempt is made to estimate tech-
nOIOgical progress in this model. The shift parameter aits includes the ef-
fects not only of technolonlcal change, but also of annual changes in the
prices of output and in the prices of increments to the capital stocL. It
is an assumption of the analysis that equal output prices prevail for all
firms in an industry., Actually, a somewhat less strict condition is sufficient:
the average output price for all firms in each size group is the same. A
similar condition is assumed for the price of increments to the capital stock.
Although there was an extensive re-valorlzatlon of fxxed assets in 1962, the
1963 and 1964 investments are in current prices. We must, therefore, presume

that changes in the price of investment goods between 1962 and 1964 do not

fmportantly disturb the distribution of the capital stock which is correctly
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measured for 1962. Also concerning the Capltal stock, it is presumed that

the different size categories all have the same ratio for equipment to struc-

tures so that the average length of life of capital goods for the di fferent

categories is the same.>

To give the reader a bette* feel for the data, Table 3 presents for

the year 1964 a sample of the data which we have available for each of the 19

T =

industry aggregates defined in Table 1. The pariicular industry used in

Table 3 1s the most aggregate one available--thai for the total productive

part of the social sector. The most notablc feature of this data is that the

sane set of flrms 1s avallable by two different groupings: one grouping

-

.accordlng to the number of employees, ‘and the other according to the value of

fixed agsets, CThe Statistics s are also ava11ab1e, grouped according to gross

value added and net va1u° added however, as will shortly be demonstrated,

thlS informatlon is superfluous since we only need data grouped according to

g o
T

each of the 1ndependent varlables of the ana1y51s ) Another feature is that

oo

he data in the tables 1s a summation over all the firms in each size category;

therefore, in order to comvert these observations ‘into the per firm measures

of equatlon (2 1) 1t is neceosar" to divide each column of variables by the

number of firms in that caLegorv. Since the number of firms varies from cate-

gory to category, eff1c1ent least squares estimation requires, regardless of
wh1ch estimator we use that the estimatcs should be based upon a welghted re-
gre551on with rhe weights being the square'root of the number of firms.zo

Throughout the analy51o of the cross-section data, the square root of the number

of firms is used as a weight unless otherwise specified.

20Edmund Malinvaud, Statistizal Methods of Econometrics, (Chicago: Rand

McNally & Co., 1966), ppe. 242-246.
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The existence of four sets of data according to four differentigrouping
variables for the same industry and year presents at first glance a difficult
decision—-whicb grouping should be_used. Fortunately, this question haé been

.extensively investigated by Yoel Haitovsky.21 Haitovsky shows that when separ=
ate groupings are available by each of the indeﬁéndent variables it is more
éfficient to compute an estimate using all of the tables than to rely upon any
one of them. This combined regression can be described-in ghe following way:
véompute mis-specified, separate regressions of the dependent variable on each
one of the independent variables separately, using only the table of data
gréuped according to that independenf variable; then combine tﬁese mis-specified
regressions with correction terms that remove the bias caused by the mis-speci-
fications. Although it is not our intention to reproduce all of Haitovsky's
.derivation, it is necessary to outline his methods since we extend :his work to
iﬁclude instrumental variables, Mundlak reverse, and covariance estimators.

Consider the simplifigd version of our regression problem given by
equation (2.2), Lower case 1etters.ipdicate that all variasles are annual mean
deviates so that thére is no intercept term, we also assume that € is indepen-

- dent of both of the inputs; Inétead of first selecting one set of grouped data
for fitting equation (2.2), we fit the two separate mis-specified regressions
given by (2.3). The first equation of (2.3) is fitted to the data from the
capital grouping only; henceforth we refer to this as grouping_l; and the

second equation is fitted to the data from the employment grouping only;

. -

21Yoel Haitovsky, '"Unbiased Multiple Regression Coe fficients Estimated
from One Way Classification Tables When the Cross Classifications are Unknown,"
+ The Journal of the American Statistical Association, Sept. 1966, Vol. 61,

No. 315, pp. 720-728. This article is a revised version of Chapter 1 of the
author's Ph.D, thesis presented to the Department of Economics, Harvard Univer-
sity. Co

‘:.|;"‘,'.“' R . e o ..}."l")' -
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henceforth grouping 2. Denoting the mis-specified estimates by bars, their

]eest squares formula is given by (2.4). 22

s .

Taking the expectations of ( aB), we discover that they equal the un-
‘biased estimates of the correctly specified covariance model (2.2), which we
fdenote by (& é, plus an error bias term. This is expressed in (2.5)., We may

now substitute (2.4) into (2.5) and solve for the vector of unbiased estimates,

thereby obtaining (2.6). Haitovsky obtains the variances of (o, 8) in a similar
\

A simple extension of this procedure obtains instrumental variable esti-
mators. In the case under consideration we use lagged values of capital and
labor as instruments. If we denote the unbiased instrumental variable esti-

mates corresponding to equatlon (2.1) by (o, B) we have (2.7). The Mundlak

AA

_estimator is obtained in a similar way, denoted by (a,g) and presen-ed in

eAdation (2.8).

PP

The reverse covariance estimator must still be defined. We do so by

Tt

simply changing the table subscripts in equation (2 6). This means, in terms
of 2. 4), that we estlmate the *apltal coefficient from the labor table and
tﬁe labor coefficient from the capital table. The reverse covariance estimator
'iélosviously less efficient than the ordinary covariance estimator, but might
it Be less biased?
To answer thls let (o*, %) denote the reverse covariance estimator.
ge:vearller ranking ‘of estimators implied that reverse covariance is most bias-

free 1f it is assumed that capital and the error term are not correlated,

while labor and the error term are correlated. To prove this assertionm,

i-;. 221n these formulas, the 1 or the 2 after the summation sign g indi-

cates the Table, or equivalently, grouping basis, that-is to be used in the
summation. Thus we see that ¢ is estimated solely from the data according to
the first grouping, the capital basis, while B is estimated solely from the
data according to the labor grouping.
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calculate the expected value of the mis-specified regressions for both the

ordinary and reverse covariance estimators, This is done in equation (2.9)

where (&,R) is the mis-specified ordinary covariance estimator, and (&*,é*) is
N

its reverse covariance counterpart.

(2.2) Y = aks + B + E,

(273) v, = aks + Els

2s
_ Elvk
(2.4) a =TI
2.k
d
_ Zzyl
B = 5
222
) . Elkl
(2.5) a=oatB 12
1
R AT S
B=a—— +8
222
I T R B R ¢ :
o Zlk Zlkl Zlyk Ordinary Least Squares
(2.6) = Estimator
;B: hzzkl 22 Zzyz
7 ¢ _ z1kk—l lek_l zlyk-l © Covariance/Instrumental
2.7 - Estimator, Tvona 2
_B ) Lzzkl_l 22&2__1 szl_l
Tal rTrealxr ) {5, (Wk-2e-1k )] |2, (TR-vk-YX__) Mundlak
* 1 -1 1 -V -1 e
(2.8) g % ' 2 .2 ¢ Estinac,
8 \Ez(.\L—kR-RL_l) L, (L5-2"-1L_)||E,(YL-ve-yL_, [ Type 2
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s o Tog,ke T,kF R
R ¢ 228 E(a).=0t+6——§' E{—
- Ik \J;k . -

. - ] R ¢ 3 E,4F
E(B) =« + 8 + Ef —
2 2
222 S\ Iyt

] T.kL 5. KE

E(a*)=a+s——2——,,—'*z—2——?

sz sz

I ke © /T,4F

- E(B*) = a + B+ —

£ 22 5.2
- 1 1

' If ua"assump that capital and the error tzrm are not.correlatéd but
that labor and the prror tnrm ars correlatad, this gives
E(X ke) = E(szc) = 0,

andl_ ’ E(Z?QG) # 0. - o o

But: what about E(Z £5)7 WhilD it might seem thaﬁ the preasumed corrzlation be-
' tween 2 and _ would mako F(E 2¢) # 0, this is not correct. 'hen using

. groupad data, if the Prouping vgriable is itself indopnndant of thn prror term,
it may serve as an instrument to purgp any othar variahles in that table of correla-
tion with 5.23 Immediately we see that all variables in the capital table,

‘ :“iasiéni;fa;e‘ffee of.such correlation, and pafticula?lv E(lee) = 0. This meags

‘that under the assumntions _ R : i

E(ke) = 0
: E(le) f o,

the covariance estimator (?.6) is subject to simultaneous equation hlas,

A

23See the discussion by Malinvaud, op. cit., pp. 242-246,




but the corfeSponding reverse covariance estimator obtained by reversing the
table subscripts is free of bias, This ‘is why the reverse covariance esti- .-

mator heads the A ranking of estimators. Of course, the reverse covariance

estimator is less efficient.24

CMPARISON OF THE CROSS-SECTION ESTIMATES

We begin our inspection in Table 4 by looking aﬁ estimates éomputed for
-only two sectors of the economy: the total social sector, and indugtry and
mining. These sectors are the largest in the economy and both are aggregates
of other branches whose parameters ﬁre estimated. Restricting attention to
lthese twb sectors enables us to focus on thé sensitivity of the estimates to
several sources of variation, specifically: variations in the regression
weights; variation in the years for which the regression is ruﬁ; and variation
in the number of cells in the different size groupings.

) : .

While certain elements of Table 4 are not available because Qf lack of
data; other elements are purposély_omitted because, at an early state it be-
came apparent thét some variants were so ill-behaved that they would not be
contenders for ultimate selections. Consequently, 1imitedvresources forced
their exclusion. For example, Part B of the Table which uses the numﬁer of
firms as weights in the regressions has a number of empty cells because the
arguments in favor of square root of the number of firms as weights made it

élear that the latter would finally be selected; Our inclusion here of the

number of firms as weights is done to test the sensitivity of the results to

24A related bias-free estimator could be obtained by using ordinary co-

‘variance applied only to one table, the capital table. However, experiments
not reported here revealed this estimator to be less attractive than the two
table reverse covariance estimators described above.
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Consider first not the two input cocfficients, but their sum, the scale
coefficient. As would be expected, the,scale.coefficient shows greater stab-
ility than exther of its components, o OF B o Gaéerallf; all of the results
from the 12-cell data show returns to scale vary close to unxty. Excluding
Section C, the range of ghe scale coefficient foz bo;h_lndustry and'mining and
the total social sector is from .99 to 1.04 with a median value arbﬁnd 1.01
or 1.02, These valﬁes are not statistically alﬁnlflcantly different from unity
to allow rejection of Lhe hypothesis of constant returns to scale. ;In none of
the results, however, is the scale ccefficient forced to be Uﬂlty, the presence
of high multi-collinearity can cause this specification to explosively affect
"the estimates of the capital and labar toeffiéients. It is ihteresting that
when sqﬁare root weights are used, the 9—céll déta,consistently giv%s lower
. estimates of the scale coefficients. The dlffﬁrenco in each case is exactly
3 percentage_pqlnts. A much greater d1fference in the scale CO“fflClentS is
found in the-9-¢e11, 1963—67 regional data ﬁsing square'root weights (Part C).
Comparing thisidata with the 94ce11 estimates from Section A, there.is again
a consistent differenéé, this time of 4 percentage poiﬁts. We do not know why

the 1963-67 data shows an important indication of decreasing returns to scale

with a value of .95 but we would'épéculate that sirce tinis time period straddles

the 1965 price reform it is possible that the rather dramatic changes in prices
which occurred during that reform affected the large firms, which were under
closer goverﬁmentISurveillance, more negatively'thén it affected the small
firms., If this is actually the coass, it would eXplaih the dramatic shift to
decreasing returns to scale which is brought about by including the post-reform
years. In any event, the significant alteration of the scale coefficient

which occurs when we add these y2ars validates cur restricting attention to

L i
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only the pre-reform yeats, thus assuring a more homogeneous sample with respect
‘to prices, institutions, and behavior.

The labor coefficient estimates are in the high .80's.for all of the
12-cell data for either the total social sector of industry and mining. For
the 9-cell data, however, it is substantially less, somewhere in the low .80's,
CorreSpondlngly, the capital coefficient, o , tends to lie in the 1ow teens for
the 12-cell data, and in the high teens for .the 9-cell data., In Section C, the
two capital ccefficients according to the Mundlak estimators are slightly nega-
tive.-.The magnitude of these negatiye values suggests violation of the Mund lak
assumptions in the longer time period rather. than a distortion due to tampling.

We now turn to a consideration of para@eter sensitivity from the point of view
of the estimators rather than the data sample.

Except for the Mundlak estimators whose variance is not known and for
which two coefficients are negative, the other estimators all generate coef-
_ficients that are statistically significant and positive. In order to eStab-
lish the importance or unimportance of the correlatlon between capital and
‘the error term, we contrast the Type 1 and Type 2 estimates for the covariance/
instrumental and Mundlak estimators. For these two estimators, the use of both
capital and labor as instruments reduces the capital coefficient and raises the

labor coefficient by from 1 to 4 points. This is a very consistent result.
However,«it should not be interprcted to mean that' the. introduction. of capital
as an instrumental variable has removed any significant bias, rather it is more
likely that the consistent change of the parameters by a few points 1is due
simply to the less-than-perfect correlation which exists between lagged capital
jand.current capital. -This causes labor to have a relatively more improved
correlation with output than does capital. In any event, the differences are

not large so that by selecting the Type 1 estimators we risk little,
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"At this point, along with the Type 2 estimators, we alco discard the
Mundlak estimators, The presence of the two negétive cepital ccefficients in-
dicates that the assumptiors of that estiwmator are.not met. 1f we compare the
covariance/instrunental Type 1 es*lmatoLs with either the ordinary covariance F
or reverse covariance estimators, we find that the former seems to yield a

higher capital coefficient estimate and a lower labor estimate. Here again,

this result can be explained by the_less—:han-pérfect correlation which exists

between lagged labor and current labor. This weculd céuse the labor coefficient
for the covariance/ivstrumental, Type 1 estimétqr to be smaller than that for .
éither of the covariance estimators.
“% - -The most ihte:esting comparison is be;wceﬁ thé covariance and the reverse.
covariance éstimatérs. Uﬂd°r our prefarred assumption th"t capital and the
efror-term are nof corrzlated, the reverce covariance Putlﬁ3f0r offers the

Rt ]

best available means of remcving bias caused by a correlation between labor and

the error term. The reverse covariance estimator is superior in this respect to -

~

i{nstrumental variable estimators bacause the latier caanct remove such correla-_.~
- //
v

tions if the errors affecting the variables are associated through timef' Yhere-
.fbré, a comparison of the covariance avd the reverse ccvariance estimators pro=
vides our best methed for'judging th2 importance of the bias generated by a possiblel
correlation between labor and the error term. -The resuld is surpfising.

o There are fcur blocks of data for mniﬂh tha two ectimators may be com-
pared. For these fcﬁr blocks, none of the parax°t°r astimates dlffocs by more
than one percentage point, siariijino thah virtually identical rosults are.
achieved whether we use revers2 coverlanﬂe orvcovariance estimators. The con-

/' '

‘clusion must be that Simulqaﬁecus cquaticn bias resulting from a correlation
7’ : .
~

between labor and the grror term does not exist, at leas: not *=Acr the assump- N
. .-/‘ ‘ -. : "w.
‘t{ons of the model. This also means that there 1s ro reasen for further
4 .
d
/

/

’
.
.
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considering the instruméntai/covariance Type 1 estimators. The final cbmpari-
son must be between reverse covariance, which has minimum bias, and ordinary
covariance, which gives the same estimates for aggregate sectors but ;s more
efficient. To select between these two we compare results for ali nineteen
sectors and five rggions. First, however, a onéfparagraph summary is given of
the findings to this point. _ \ o

The greatest economic import of Table 3_attache§ to the consistency with
which we find returns to scale of approximately unity. Typical values of the
capital and labor coefficients are .15 and .85. This coatrasts significantly
wiéh the .25 and .75 values that are typically asserted for western economies.
-Of course, this has little real meaning until we examing the marginal products
and income share in Yugoslavia. The greatestvstatisticalrimport of Table 3

is that the estimates are quite stable for the six estimators we try, and also

- for the various data samples used. The largest change in estimatec occurs

when we go from the 12-cell data to the 9-cell data which implies that con-
golidation of the extremes of the data may be dangerous. The similar results

given by all the estimators, but particularly the nearly identical results for

.the ordinary and reverse covariance estimators is evidence that simultaneous

equation bias is not important.
So far we have established that the reverse covariance estimator is apt

to be most bias-free, but that in practice, for- the large aggregate sectors,

there is almost no difference in the cstimates for reverse covariance and

ordinary covariance. Since the ordinary covariance estimators are more effi-
cient they would seem to be supcrior. Estimates for the rineteen sectors con-

firm this judgment, Table 5 presents the capital, labor and scale coefficients

for three estimators; oxdinary covariance; reverse covariance; and covariance/

instrumental, Type 1. In those cases where an estimators is not significantly

o A e S R e
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positive at a .95 confidence level, the standard error of that coéfficient is
presented in parentheses. For the ordinary covariance estimator there‘is no -
coefficient in this table that is either negative ér not significantly positiﬁe.
In contrast, the reverse covariance estimator exhibits two negative values and
four insignificantiy poéitive values, while thé covariance/instrumental, Type 1
:‘  ésfimat§r éhows one negative value and one insignificantly positive value. One
explanation of this‘is found in the standard errors of the coefficients.25
Typically, the standard errors for ordinary covariance are two-thirds to one-
half.those for reverse éovariance or instrumen;al/covariance.

In other regards, the conc lusions of Table 4 hold for the disaggregate
sectors of Table 5. Returns to scgle_are not importantly différent from unity,
although a number of the sub-branches of industry do show increasing returns

v . .
to scale, particularly food, drink and tobacco (113), and metal making and
using (120 and 121). The capital coefficient is again in the teens, although
the high teens rather than the low teens seem to be more characteristic. And
.the labor coefficient is generally in the high 80's., Two industries show
significaﬁt decreasing returns to scale: construction (003):and the miscéllaneOué

sub-branch of industry (122). In both these cases, there are special circum-

stances at work and better estimates, described later, are presented in bold

type.

The same data for industry and mining,.but covering the five regilonmns
and presented in Table 6, shows similar results in all respects, except there
are no negative or insignificantly positive values for either ordinary covariance

or covariance/instrumental estimates. There is one negative and insignificantly

25Tables for standard errors are not presented because the paper is

already overburdened with statistical measures.
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positive value for the reverse covariance estimator, The scale, capital, and
labor coefficients, all satisfy reasonably weli.thg standardized description
given above. A surprising feature of Table 6 is that for 1963-64; Serbia

prbper has a very low mga;ure for the iabor coefficient and for returns to
scale. The stafistics for Serbia proper do not look so anamolous in.the longer
1963-1967 period both because the scale coefficient for all the other republics
except Serbia Proper falls by 5 percentage points, and the Sérbia proper

capital coefficient loses 13 points while.the labor coefficient gains 12 points.
The outcome is that for the longer time period Serbia Proper is not so distinctiy
different from the other regions as it is for the 1963-64 period. The reason
for this is not znown.

In a pareto optimal economy the marginal products of labor and capital

err sectors of the economy and regions are equél. A serious empirical appli-.
cation of this criterion involves many qualifications and modifications; never-
.theless, a straightforward, naive comparison is not without merit. At‘thg very
least it can be ah important indicator of unreasonable results. Table 7 pre-
sents.the marginal prodﬁcts of capital and labor for the ordinary éovariance
estimator,,and by way of contrast for the‘covariance/instrumental estimator.
Contrasting the two aggregates, the total social sector and industry and mining,
we find a good deal more difference can be attfibuted'to the sectoral classifi-
,cation than to the estimator used. For both eétimators, the marginal product of
capital is significéntly greater for the total social sector than it is for
industry and mining, while just the reverse is true-of the marginal product of
labor. Since the control of investments is the strongest instrument in the
han&s of central policy-makers, this result is consistent with the idea that

industry and mining is a .priority sector whose growth is made possible by the
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;ut,- .- oo ... SECTORAL MARGINAL PRODUCT ESTIMATES S e e
FOR 1963-64% o
e - ) . 'Covarianée/ - Ofdinary
ER N - Tastrumental. Tvne 1 ) ‘Covariance
o T N avK T rh FPK PL
'Total_sdcial Sector - (000) | 19 Tao— (.15 1.5
Industry and Mining . 7 (001) 1.11 .32 | .10 1.3y
Agficuiturérgj T (o22) 06 o .06 .igs o
.coﬁstfuctioﬁ.with size efféct (0035 fé2 ;gi : .53 | .967
‘ Transportation & Commgnication (oou) n .10 ' 1.12— | 08 .1.i7
Handicrafts 1 - . (005) .59 o 7.7§ M7 .83
- Trade & Miscel}anéPugr _ <: (oos) | .37 1.11 .35 1.13
Electricity,  o —fbafi"mzii;;' , ,.oer 2.21 .08  j:§.52V ‘
Coal & Coal Mining N 7' ;(;12) .12 '~7.,7s, f h.is T ]
Food, Drink & Tobacco . = (113) | ;,;.041  ] 1,96‘ 1 .07 _71.75
| Texfilqs.é Clothing ._ o (114) _'.-¥,09 . 1.19 S - ?.10‘
Timber ¢ Furniture _" o ,(i155 .24 .71 23 .M
Pa?er, Printing & Publishing - (116) . :. .25 . 1.3 .25 ;};3§ '
teather,'Rubﬁer & Footwear (117) - .38 . 1.13 W25 1.26
stone, Clay ¢ Glass o (118) 17 .83 | .15 .87
Chemicals € Petroleun _ . (110) 37 1.83. .31 2.03
Metal Using - 'i '1 (120) © 19 1.36 .12 1.46
lMetal Making - ._:”' (121) .13 1,32 - .05 _1.63
Hiscellaneoﬁs B _ S (a22) | .09 1.3 © .20 1:12 _
V= Coefficient of variatiénf - = v‘,79.60 : ‘94120 61.40 3”.20.

*Harginal:?roducts‘are”computed'atfthe weighted geometric mean. The weights are the
square root of the number of firms per cell. . '

+Computed from the 17 sectors 002 to 122 by the formula V = 100S/X where S is the sample
standard deviation and X is the sample mean. -
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infusion of large amounts of capital, so much capital that tﬁé rate of feturn
is driven below what is availzble in other cectors, Later, in the section
dealing with éggregation problems, the marginal product of capital for both
of these two sectors ic shown to te biased dcwnward by the process of linear
aggregation. . » | : : ' .

"*Whi}g_signif;cance statéments are not avéilable for the marginal products;
.é zéefficieﬂt of?&ariation can ke used to meascure the variaﬁility of the two
estimators for the 17 disaggregate sectors. With 2 value of 34.2 the coeffi-
cient of variation for the marginal prcduct of labor is identical for ordinary
covariance and covariance/instruvmontal, but thé coefficient of variation for
;he marginal products of capital is smaller for ordirnary covariance, 61.4, than

for covariance/instrumantal, 79.6.

Similar data is given in Table § for vegional marginal products. Again,

' ﬁg:rggional classification is 2 much nmere Important determinant of marginal
;ﬁféauét than is the estimator. Another conclusion is that the marginal product
of cabital is lower in the North than in the South, while the converse is true
for the marginal proauct of labor, Tor tbe marginal product of 1aborlthis is
,tb be expected due to tha immobility of labo:; For the marginal product of
capital, however, exgectations sre nct 30 clenz cut; O the one hand, greater
efficiency in the North causes average output per unit of capital to be high,
which raises marginal productivity; on the cther hand, capitalldeeéening has
progressed further in the North--the Capital/labF? ratlo is one-third larger
than in the South--and this lovers marginal produstivity, The fact that the
measured prqduct is lower for ithe XHorth suggeéts that capital deepening has

.j bgen.éarrigq beyond what is optim:ll.26 This conzlusion is reversed in the

. 26This conc lusion cénflic:s with that of Dr. James Plummer who finds

* that capital is used mose effirciently in the Tlorth than ia the South. Our study
agrees with his in conciuding thaf some r2allocation of labor from South to North

would be desirable, James Plummai, "Interfirm Production Function Analysis of
Yugoslav Industrial Resource Allocation," mimeogvaph, D2c. 1969, p. 7.
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Region

Yugoslavia
:_ -North
-~ South .

. =_Sérbia Proper

South less

: ' Serbia Proper

Yggbslavié

“North

=

_South

" Serbia Proper

- Soﬁth less

“ . .Serbia Proper

. -
-

-1 -

- -

B
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TAZLE ©

REGIONAL HARGINAL PXRODUCT ESTIMATES
.FOR-INDUSTRY AND MINING -

‘Covariance/Instrumental,
Type 1

Covariance

. MPK  MPL

Years from 1963 to 1964

w121
.13 1.
Caah '  . 1.3
CLou I

07 - 1.2u

- Years from 1963 to 1867 -

.12 © O 1.81

06 1.90

3 1.4
C .17 1.3,
a3 1.34
[
o e

W13 1.1n

MPK - MPL

.11 | 1.27

.08 1.47

«25 .94

.02 “.4.35

.08  1.69

.02 7 1.99

40 1.53

.15 R

10 1.3
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1963;67 daté, but this appears related t§ the priéewreforms of 1965.

The really anomolous aspect of Table 9;is the large marginal product
of capital for Serbia Proper generated by the 1963-64 data. More than the elas-
ticity measureé, the marginal products indicate that this is due to unknown

_aberrations in the 1963-64 data. The longer 1963-67 period shows values for

Sexrbia Proper that are more in line with our'expectations. If the regreséions .

were run only on the 1965-67 sub-sample, the results for Serbia Propér would
be substantially closer to those for Yugoslavia as a whole. This 1eéds to the
conclusion that the marginal product of capital is low in the North and high |
in the South, while the converse is true of the marginal product.of labor; and
'that the.marginal'product of capital and lgﬁﬁr are about the same in Serbia

Proper and the far South., Again, differences between the 1963-64 and 1963-67

results, weaken such conclusions.

PROBLEMS OF AGGREGATION

The use of sevéral estiﬁators and different data samples increases
confidence in the stability of the findings. Similarly, disaggregétion by
economic sectors and regions can be viewed as a replication of the experiment,
a replication that also inéreases confidenﬁe in the stabilif}’of tbe estimates
and confirms the existence of a relatively Smail capital coefficient andlre-
turns to scale near unity. This replication bf disaggregation, however, bur-
dens us Qith two issues not yet considered, Fifst, in the éime series analysis
that follows, great simplification could be achieved if the capital and labor
coefficients for any industry were the same for all regions. This hypothesis
is easily confirmed or rejected by a "t-test" on the regional differences of

the estimates for industry and mining, Second, for industry and mining and
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for the total social sector there are estimates for both the aggregates and _
their sub-aggregate components. This raises the question of whether or not the
aggregate coeff1C1ents for capital or labor are unbiased functions’ of the sub-
aggregate coefficients. If they are not, the'diﬁference is called "aggrega-~

tion bias."27 We begin with the gsimpler issue mentioned first, the hypothesis

ﬁof regional equality.

© For industry and mining the nine-cell, regionally disaggregate data may
be used to test the hypothesis of regional equality. This is an impertant and
- convenient hypothesis, and one that is at times forced upon us. Frem Table 6,
the maximum difference (covarianee estimator, 1963-64 data) for the capital
copfficient is .25 obtained as the difference between g, = .28 and og = .03.
For the labor coeffieient, the maximum difference is obtained for the same
category and is .37. Assuming the statistical independence of parameters esti-

mated for different regions, the standard errors are:

R s’ - = ,016
a ®
- - 4 + a -
o and .
- - 7 Sg 8 = ,031
il - PR . .- Lo 4.+ 5 - i L _

The respective "t-statistics" for capital and labor are 15.7 and 11.8. These
values are so large we may be assured that a significant difference exists re-
- gardless of the problems of multiple comparisons and of serial correlations of
_the errors which overstate these "t-statisticé".' (The assumed independence

of parameters may understate it. ) Even the smaller differences that exist

when we compare the North with the South, still generate "¢-gtatistics'" of 2.5

-

e oo gy dfscussion of aggregatxon bias follows R.G.D. Allen, Mathematical
Fconomics (New York: St. Martin's Press, 1957), pp. 694~724.
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for capital 'and 3.7 for labor. With 30 degrees of freedom28 fhe critical
limits aré 2.36 for a significance level of .025, and 2.75 for a significance
level of .0l Tﬂus,.even the minimum differences tend to be significant. The
hypothesis of a regional constancy in the coefficients must be rejected. We
next test for aggregation bias. | -

Table 9 provides a comparison of two estimates qf the output elaéticities
for thé total social sector, and industry and mining: the first (&,g), is the
covariance estimate from Table 3; the second (E;E), is obtained as a/weighted2
sum of the sub-aggregates components of the twc above sectors, also according
to the covariance estimator. Since we reject the hypotheéis of regional equality,
we may also meaningfully compute the Same statistics according to the three-
region disaggregation (only for industyy aﬁd mining, of course). What do thesé
differences show? For the sectoral aggregation, the capital coefficientsra¥e
importantly smaller by about twenty-five per cent for the "Direct Regression'
in comparison to the "Weighted Sum'; and the labor coefficients are 6n1y slightly
larger for the total social sector by about five percent. The same éomparison
for the fégional.aggregate shows the capital coefficient slightly larger fér
the "direct regression" than for the "weighted sum," and the labor ccefficient
slightly smailer. What economic interpretation may be given to these differences?

To give an economic interpretation to the difference between the linear

estimates (q, g) and the geometric estimates (u, B), we make the simplifying

28The degrees of freedom are computed on the basis of 18 observations
per table (9cells for 2 years) and six parameters for both tables (capital and
labor, and four annual "shi ft" parameters, two per table). This glves 36-6=30
degrees of freedom; however, since the total number of firms is the same in
both tables one cell is redundant so that the final outcome is 35-6=29 degrces
of freedom.

29'I‘he weights are the‘Square roots of the average number of firms in

the industry in any year. That is: s

z Nit/T> 1/2
t=1 /




TEéT FOR AGGREGATION BIAS
IN ELASTICITIES

Sectoral Aggregation (12 -cell):

_-ch

-Indws try and Mining
(12 sub-aggregates )

al Social Secctor
:(17 sut-aggregates )

Direct
Regression
" N ~ A
o 8 o + B
.13 .89 1.02
.13 .89 1.02

_ Regidnal ‘Aggregation (9-cell):

“Indwsiry and Mining
«* (3 sub-aggregates)

ke

P

5 .8 .99

Weighted Sum of

Sub-Aggregates
. B - wt?
<17 .83 1.00
.18 T .87 1.05
.13 87 1.00
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assumption of constant returns to scale (¢ + B = a + E- = 15;30 on the basis
of this assumption the production function may be expressed as,

(.1) Y* = a, k¥

is i is )
and =1 - a,
~Bi i’
where Y% =Y. -~ 2.,
is is is
and . k¥, =k, - 2. .
is is is

Consider the auxiliary regression.
2.2) k*is = dis k*s + Ais
where k*s = log(zi Kis) - log(fLis), Ais is a stochastic term,
“ and oo is a parameters. |
_Equation (2.2) expresses how the sub-aggregate capital/labor ratips are re-
latea to the aggregate capital/labor ratio for any size category.
The question we ask is, suppose (2.1) ekprésses the true micro-produétion
function, what relationship will then exist between the o of that equation

and an aggregate o obtained by first summing each variable over all sectoral

sub-aggregates? That is, an o obtained from

I I :
* = CH = % = %
@.3) y s i2=1 A af.—:l k¥, + g =ak¥ + e

Substituting (2.2) into (2.1) and aggregating, we have
. fI
(2.4) y¥, 1L e, &  k_+ A

But (2.4) is of the same form as (2.3) so that a covariance estimator obtained

from the former variables

e pg =t

=1

0 .
3 Since the statistical estimates of the scale coefficient for the

total social sector and industry and mining differ from unity by only two per-
centage points, this specification is not arbitrary oxr misleading.
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Furthermore, defining the "sum of Eub-aggregaees" estimate by

0= L G./I-’

i , i
o = {=1

we finally obtain

~

(@.6) @ =09 -TLCow (e, &)

Equation (2.6) anmswers our original question. Where the "direct regression"
- estimate, a , 1is smaller than the "sum of sub-aggregates” estimate,31 s
it implies that Cov(ai, 6is) is negative. OCr, iu more familiar terminology,

it implies that industriesrwithrlarge capiﬁal coefficients have smail capital/

labor ratios; and also the obversé,'indestries with large labor coefficients '

have large capital/labor coefficients. For the regional estimates, there is
-a tendency for the opposite results but the magn1tude ls too small to be im-

portant. These results have little meaning, however since it is differences

- in marginal products that govern the flow of resources.

- - vrAs revealed in Table 10 the maxglnal products of labor GﬂPL) shows

. .no important bias for either secte:al or regional aggregation, and the mar-
ginal product of capital (MPk) shows‘none for regional aggregation. There-is,
nevertheless one iﬁoortant case of aggregation bias. For both the total
30cial sector and industry and mining, the "direce fegression" yields a MPK
that is significantly lower ehan that produced by the "weighted sum, "
Application of the aggregation theory in the paragraphs above provides an ex-
planation with economic import. The fact that g is smalle? than o implies

" that there is a positive correlation between the marginal products and the

capital/labor ratios of different industries--industries with high MPK's

IWe use a weighted sum,in Table 8 to adjust for the fact that weighted
«regre551ons are used to obtain a aqd ai"

IS BRE
*



TEST FOR AGGREGATION BIAS
IN MARGINAL PRODUCTS®

- S , Direct

: Regression _
. . MPK  °  MPL
Sectoral Aggregation (12-—cell):

~ Total Social Sector .
(17 sub-aggregates ) .15 1.15

Indws try and Mining

- (12 sub-aggregates) . .10 1.34
24

Regional Ag,g;r‘egation (S-cell):

Indus try and Mining :
(3 sub-aggregates) . .11 1.27

Veighted Sum of

Sub-Aggregates

MPK MPL
23 1.13
A7 1.33
.11 - 1.29

- % Marginal products are computed at the geometric mean of the cross section

data for 1%3-6u4.

TS ‘
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tend to have high.capitalllabor ratios. This is generally consistent with the
view that profitability is an important criterion determining investment allo-

cation in the Yugoslav economy.

SECTION IIL

B TIME SERIES ESTIMATES .OF NEUTRAL TECHﬂIuAL PRCGRESS'
. 1952 to 1964

“The publicly available time'series data is described in Section I.
Before this information can be used for production function analysis, con-
siderable effort must be expended in aggregatlon deflation and so forth. So
éﬂ;t we may come dlrectly to the reqults the descrlptlon of the steps taken
-and methods used is relegated to an Appendix.' The Appendix also contains a
complete pub]lcatlon of the resultant statistical series for value added, em-
- ployment total flxed capital and equlpment. These series ére presented for
five regions and.p@pe;eenﬁ§gctors for the years 1952 to 1966.

. .. The timé.éeriés counterpart. of (2.4) is:

+ A + E._

(Bf}) Yérf Tt o3 Kire F Byrlire “irt © irt
‘where i=1..0 19 induétries
g=1l.e 5 regibns, and
-T or t>;-1 ees 13 years from 1952 to 1964.

The variables Y, K and L are in logarithms, and T is in natural integer units.

To satisfactorily estimate the neutral techumical progress cocfficient A'r’ it -~
: i

is necessary to make the assumption

. a = a - 4 =
(sz) il i2°°° i5 i
and . Bi.l = Biznco = 815 = Bi for all i,

where E& and E; are the ordinary covariance estimatgs-obtained from Table 5.

A
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To estimate 1, we proceed in two steps: first, initiallleast
" squares estimates are computed for the cocfficients of equation (5.1) withOu;
the benefit of the extraneous estimators utilized in assumption (3.2), and
second, the capital and iabor coefficients are restricted to.the values pre~
scribed by (3.2) and new estimates are computed for Ay and kir'32 .
The values of A(l) obtained in step 1, aﬁd A2) obtained.in step 2,
are found in Table 11. Results cre presented only for'Yugoslavia as.a vhole,
These reSults strongly favor the A(2) coeff1c1ents which 1s based on the ex-~
traneous estimators and restricted regression. The large dispersion of A(l),
“even including negative values, occurs becauge the corresponding unrestricted
_ estimates of o and gare highly unqtable (values that aré negative or greater
tﬁaﬁ 1.5 are common). The high multi-collinearity of the data together with
varying amounts of underutilized capacity33 in both the capital and labor
measures makes it impossible to estimate all three coefficients with only
~time series, The estimates for ) (2) are much better. There are no negative
‘values and the range, running 0.9 to 5.9 is not excessive. |
Another test of the extranecous estimators is to compute how destructive
assumption (3.2) is to the coefficient of multiple determination (RZ). A com-
parison of columAs three and four of Table 11 reveals that only for agricul-

ture (002) is there a large drop when the extraneous estimators are used:

32'I‘he same result is achieved by directly computing the single re-

gression, Yirt - ‘lelrt - fﬁLirt = air + kr{ + Eirt' This, however,

would not permit a test of assumption (3.2). The technique of "restricted
least squares" is described in Goldberger, op. cit., pp. 256-258.

: 33At this level of disaggregation there is little chance of calculating
capacity utilization coefficients for capital, let alone labor. To our know-
ledge, no satisfactory data exists for making such computations, particularly
in the early years.
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L /- " SECTORAL ESTIMATES OF TECHNICAL PROGRESS: - -
EE Y L o ;.. cm e ) _;‘. -}-‘ . e

) A Ry - RA(2) G2
_.995  .991 3.93

Total Social Sector (000) . 2.1 3.8

Industry & Mining 5 © (o01) 8,9 4.5 .999 ©.997 5.10
Agriculture & Fishing . 7 . _(002) -84 k.3 +979 - . 882 20,21

Construction .  (003) 26,5 8.3 .88 .852 1.25

;Traﬂspprtafion & Communication w(bou)ﬂ 7.5 . 5.0 . 1293;, 7 ..984 4.85

Bandiéraft;-'} . (oos) 9.3 2.4 .998 981 .. 31.00

Retail Trade € Otherfir;_ ... (oo8) 1.2 0 1.6 oo 995 . .989 6.03

E;ectricity AR © (1) 7.2 -~ --- 5.2 - .99 - 989 | 0.35
; . , T o D

Coal & cQai'niqing'"‘ - -i-i(192) o 5.6 0 W2 oo 00983 .982 0,33
"-Food, Drink & Tobacoo -ie(143) - 1201 2 0.9 o0 .988 .92 16.49

Textiles & Clothing T shiiaaw) 0 C1.7 .o 4.5 Toa997 .995 2.18

Timber & Furnitwe - - (118) 2.0~ 4.2 - .. .998 .987 , 26.50
“paper, Printing & Publishing. ~  (116) ~ 10.6 =7 3.8 oo o-w995 ©..e92 - 2.7

 [eather, Rubber § Footwear ©(447) - <b.8 T --T-2.8 -nsir .99 .993 0.86

N —

Stone, Clay & Glass o (a18) ¢ 10,2 - W2 5 7R .999 .97 23.59

Chemicals & Petroleum - i(a1e) | 13.5 - 5.8 7hn-.999 0 998 6.43

Wetal Using -~ . . ,.(120) 4.6 | 3.9 - .996 994 - 1.67
 Metal Haking cam (121) 6.8 .. 5.9 - . .999 .993 . 27.94

 Miscellaneous L (122) 12,6 C9.4. T .t.eB5 T lL833 45.61
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from ,970 to .882. An F tést of (3.2) is made for each indﬁstry.sf A.value
of 3 greater than the critical limit F.025 = 5.71 causes a rejection at a
025 éignificance level; of the hypothesis that (3.2) is a correct specifica-
tion. For seven of the nineteen sectors with F values over ten, the hypo-
thesis expressed>by (3.2) is strongly rejected. For three others with values
between five and sixX, acceptance or rejection is not clesr éut.' While a
forceful acceptancé of (3.2) is found Zor only one-half of the sectors, this
"is not a surprising or destructive outcome for the use of extraneous estimators.,
To the contrary, it is a rather strong outcome. As mentioned earlier, the
un;estricted estimates contain many negative and ctherwise unacceptable co-
‘efficients. When comparison is made betwzen the extraneous estimators and

any set of "reasonable" output elasticities, the difference in the squared
error is small.35 For this rcason, we argre that acceptance of (3.2) fof
oﬁe-half the sectors is a strong showing.

The ultimate test of ths extraneous estimator hypcthesis, hoﬁevér;

must be the reasonablecness of the te;hhical progress coefficients they generate,
Further evidence on.this, in the form of r: gional estimates, is found in
"Table 12. For Yugoslavia and the Newth, all of the coefficients are positive
but less than eight per cent. Foir the South, Scfbia Proper and the South

less Serbia Proper, four sectcrs show «ac leusst one negative coefficient and

three have at least one value greater than eight percent. With ninety-five

-r SSE(2) - SSE(1) .

q SEE(L)

where SSE(2) and SSE(1} are tho sum of the squcred 2rrors computed with and
without the specification (2.2), )y is the numter of cbservations (13); r is
the number of parameters estimated 74); and q ic the number of extraneous re-
*strictions imposed (2). Several critical limits ars F.025 = 5.71, F,05 = 4.26
and F,10 = 3,01.

35This is concluded on the bLasis of trial rogressions using the para-

meter configuration (.50, .50) and {.25, .75).

34The test statistic is E?’ e h
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TABLE‘12
o ' RBélOHAL ESTIMATES OF PECHHICAL PRCGRESS -
" czeo-- - - -- . (in per cent) ) R
. ) ) o South less
- = Yugo- : U .. _Serbia  USerbia
33 - slavia North South Proper Propver
Total Social Sector (000) 3.8 3.7 3.3 3.7 2.7,
Industry & Mining (001) 4.5 3.9 4.9 5.0 4.6
Aéricultureﬁ F_ishing_rv | (602) 4.3 7.1 ~1.4 : -1.6 0.4
Construction e (003) A .’.373. 3.2 3.3 u.7 -0.6
Transportatidn’& Comiuni.cation (004) - 5.0 . 'S.lt'r ‘ 77 5..5 s lt'.7
Handicrafts ~— (0055 C 2.1 0.7 2.0 2.1 1.8
Retail Trade and other (0.06.) ‘ 1.6 17..77 1.5 - 1.7 0.8
Eleéfricity;—r (1115 5.2 1.8 B ié;ﬁ 12.6 +12.5
f.éoal & Coal Mining (112) u,z 4.7 4.6 i l u;7 u;s
.%ood,'Dpink s_fobacco (113) , 6.97, 2.3 -3.6 -3.2 i -4.0
Textile.% & (ilo‘chling (114) 15 . 0.8 ;3."9; 22 ' 8.2
Timber & Purﬁituré' (115) 4.2 2.9 0.7 2.1 o heg
Péper', Priﬁtiﬁg & Publls’nlng (1186) 3.8 . 2.8 ;5..1'; 7 27 '13.2
Leather, Rubber & Footwean (117) —z.é' 3.1 1.9 1.2 5.9
;étone, Clay & Glass iiie) 4,2 2.9 5.2 5.3 'u.é
Chemicals & Petroleun T(19) 5.8 6.0 4.8 6.7 1.8
,ﬁetal Using o~ . . (120) - 3.9 3.3 5.3 5.6 5.1
‘Metal Makiqg. 1'fl' .(121) 5.0 4.1 7.8 8.1 8.2
“Miscellancous - C(122) 2.4 0.4 2.4 ~.0.5 -2.7
) i . .
crrie - " e : T .
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éoefficienté in all, these out liers are to be expected.

The footnote on page 52 relegates ecohamic analysis to the companion
papers which follow. Nevertheless, four bbservations and a generalization
concerning technical progress are made. First, for the total social sector,

the rate of neutral technical progfess is begween 2.7 and 3.7 for alI of the
reglons of Yugoslavia, The North and Serbia Proper are both at the hlgh end
of this range and the South less Serbia Proper is at the low end. Second, for
industry and mining, the pace of technical progress is quicker, but égain it

" has a comparatively small range of 3.9 to 5.0, and this time the North is at
the bottom of the rangé while Serbia Proper and the South less SérbiarProper
are at the top. Third, for agriculture theﬂ%énge is much larger, 7.1 to ~-1.6,
aﬁd this time the North is at the top vhile two southern regions are at the
bottém. A scrutiny of the other large, one-digit.sectors reveals oﬁly com-
Parétively small regional variation. Four, for the branches of induskry and
mining, the southern regions do comparativeiy better versus the North in such
non-agrlcultural resource-oriented sectors as electricity (111), wmetal

making (120) and metal u51ng (121). The North, on the other hand, is 5u§erior
in the consumer-oriented industries, food, ‘drink and tobacco (113) and leather,
rubber and footw:ar (117), on the high technology areas such as chemicals and
petroleum (119). |

The generalizatlon is that the comparatlvely modest aggregate advan-
‘tage ﬁf the North in dynamic efficiency is prlmarlly due to its more market~
origpted agriculture and food processing industries rather than advantages in
the area of heavy industry. 1In contrast, the southern regions show significant
superiority in the resourée-oriented sectors (other than agriculture) and in

the processing industries associated with those resources,
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~.. . The principal goal'of this paper is to opta}prdisaggregate estimateé

of production function cocfficient suitable for analyZLng the orowth of out-

put in Yugoslavia. This goal is met, Having gore this far, howeyer, ve take .
one more step.and reasyre, for thé Yugoslav social sector as a whole,rthe con-
tribution of resource mobilization, 2conomies of scaleligndrneutral:teqhniqal
progress to outpuﬁ growth., Table 13 éivgs the fates of gréwth qu output,

{nputs and the value of the scale qoefficient°36 _ o ' i

e Thé impressive growth vates of social sector eaterprises is revealed
here--value added in the social sector grows.bytnearly cen percent per year,
This output growth, hoﬁever, is matched by an equally impressive job of re-

source mobilizatiou--capital and 1abor grow at over six percent per year,

The resultant residual for techaiccl progress approaches four percent.

_Roughly, we conclude that forty percent of output growth is due to_technical

:ﬁfbgreSS and sixty percent to factor inputs. . Since returns to scale are close

“#o unity, its contribution is minimal. Similarly, since the rates of Urowth

“of capital and labor are nearly equal, the contribution_of "capltal deepenlng

‘{s also slight. T ’ S

‘There is a good deal ofrvariability in thggeufip?;ngs but the ex biana-

“tion of growth in terms of "extensive davelopment".with;bigh pa;gsrof balanced

“yesource mobilization and substantial tecchnical progress is not contradictéd.
If we could forget the large, c0m§arativelyrspagnant private sector, ﬁufput

~ growth could even be described as balanced. A discusscion of sectoral growth

“"and development policies, however, is beyond the scopé of this paper.

. 36The rate of technical progress is from a least squares regression

““and is a continuous raie of growth; whrveaa th rates of growth of capital,
“labor and output arc annual compound rates of gzewth., For this reason, the
elastic1ty weighted ratc of recsource growth lez the rate of technical progress
is not nccessarily equal to the :atnvo‘ output growth. This is to be revised.
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*BLE 13

:D RETURNS TO SCALE: 1952 to 1964
“ _ (in per cents) '
- 3 2 i
P : + A 6
£ - “ — o
()] - J o 0. ot
) S £ 8 dE 0 B o W
~ -t 8 3 L8 350 — U
£ o el D4 0 O o T § O
& .8 __fE __&& . S2... -
Total Social Sector ~ (000) 6.0 6.5 6.2 3.8 9.8 102
Industry € Mining -~ (001) 6.8 7.4 7.0 4.5 11.3 102
Agriculture & Fishing S (002) 7.2 8.0 7.4 - 4.3 8.7 98
Construction T (003) 4.0 9.3 5.0 3.3 - 7.0 93
Transportation & Communi.cation (oou) 4.5 i.8 - 3.8 5.0 - 8.9 95
Handicraft '  (o05) 8.8  10.6 9.1 . 2.4  10.4 100
Retail Trade € Other " (0086) 5.0  12.3 6.l 1.6 7.6 98
Electricity ) 7.0 9.4 7.8 5.2 13.7 101
‘Coal € Coal Mining O (412) 0.8 3.6 1.7 .2 6.0 105
Food, Drirk & Tobacco (113)° 8.0 7.8 8.1 0.9 9.4 114
Textiles & Clothing (148) 7.8 6.8 g.1 = 1.5 9.6 106
Tiwber € Furnituwre ~ - - (115). 6. 3.0 5.5 .2 8.4 99
f’apér, Prinfing ¢ Publishing (1186) 9.6 12.8 9.8 3.8 13.4 97
Leather, Rubber & Footwear ~ (117) 7.9  7.2°° 86 - 2.8  i1m . 110
Stone, Clay & Glass - L (118) 5.8 5.7 6.3  H.2 9.8 109
Chemicals & Petroleum . C(119) 9.5 10.2  10.3 5.8 15.4 106
‘Metal Using . - (1200 9.2 7.2 10.1 3.9 14,8 112
Metal Making | ST (a21) 3.7 5.7 I 5.9 9.9 115
Miscellaneous ' (122) 22.7 " 9.0 2.1 8.5 105

& Annual Compound rate cf growth from 1952 to 1964,
+ The weights are the ordin:‘m‘ygcovar.iant:e::cs'timatcs'from-
S%Continuous compound rate of growth from least squarc resression.
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DATA APPENDIX

Value'added, emp loyment and capital stock statistics are described
in this appendix., Complete statistics for the years 1352-1966, for five

regions, and 21 industries are presented at the end. For the reader who is al-

ready familiar with Yugoslav statistical sources or who is only interested in

the broad outlines, a few sentences will suffice.

Value édéed} in eonstent 1566 dollats, is considered to be equivalent to
the Yugoslav measure of "gocial product.' Since official constant price series
are not available for the branches of industry'and mining, these missing series

are estlmeted by the method of bi- proportional mgtrlces. Employmant is measured

on an average annual basis and is taken directly from the publicatlons of the

Federal Statistical Bureau. Capital stock statistics are more complex, 1In

addltLOﬂ to our staﬁda -d sectoral and geogtaphic disaggregation, we present a

breakdown of fixed assets accord:.nP to structures and equipmant. The perpetual

' inventory method is used, and the base period is related to Ivo Vinsly's esti-

mates after conversion to 1266 prlces. A unique feature of the estimates is the

use of durability weights for aggregating structures and equipment into total

fixed assets.

The remaining pages are written for those who find this brief description

fnsufficient.
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SECTION A

VALUE ADDED

The Yugoslav concept of "social product" principally differs from
“oross value added" in Western terminology because aggregate measures e:xclude
value added originating'in the service industries. Since, in this appendix,

we oniy deal with productive (non-service) sectors of the economy, no problem
is created by this discrepancy. The statistiéal yearbooks for 1964 through
1963 present social product in constant 1960 dinars by republics for fhe seven
major economic sectors. For'Yugoslavia as a whole, but not by republic, a
further disapgregation into 22 sub-branches of industry is also available,

.TWO transformations of this data are necessary: first, all series must be
tfansformed from 1960 prices to 1$66 prices; and second, constant price-series
@ust ge estimated for our 12 branch disaggregation of‘indﬁsfry and minin;. The
conversion to 1966 prices is easily performed by multiplying each sector by
the percentage increase in prices between thoée two years, While.this pro-
cedure does not allgw for intra-sectoral price changes, these can be expected:
to be relatively unimportant in comparison with the inter-sectorél chances,

In particqlar, by shifting to the 1966 price base ﬁe benefit from the majior
rationalization of prices ﬁhich occurred in the 1565 reform. This reform caused
significant upward revision of agricultural aﬁd rav materials prices in compari-
son with producer goods. |

The problem of estimating a constant 1366 price, regional series of
social product for each of the 12‘branchés'of industry and aining is resolved

.by applying the method of bi-proportional matrices, Thi; method is eavailable
to us because the required data are available in current prices for each year,

and the marginal totals for industry and mining and for the five reglons are
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available in both current and fixed 1966 prices, Thus, for each year we have

a two-dimensional array of current price statistics (the rows being the 12
branches of industry and the columns being the five regions), whereas mar=

ginéi totals in both current and fixed prices are available. What we wish

to do is convert the elements of the two-dimensiomal table from current to
1966 price base.

"In mathematically similar situations the method of bi-propdftional
matficéé has been used in demographic analysis ﬁy Dening and Steffar;1 and in
qp;éating input-output matrices by Bachatach.z 1f we assume an independence
of;;dw and column‘effects, then the method of bi-proportional matrices has
‘tﬁe char;cteristié that thé derived cell estimates minimize the sum of the
siﬁgfed deviations of their final fixed price values from their original

- s : 3
current price values.

=7 In préétiCe,'rathér than first éggrégating republics into regions
aﬁdgaggregating the 22 Yugoslav sub-branches of industrj into our 12 sub-
bfénéﬁes,)we pefform the bi—probortional estimation'for the more disaggregate
data and perférmed the acsregation afterwerds. Since the amour.t of price
iﬁfléfion in industrial‘branéhes was comparativeiy slight between 1952 and
1566; it is felt that with one exception no serious ‘error was introduced

b& this procedure, For tobacco, vhere the product is definitely not homo-

' géneous by regions and where different price trends exist for the various

L 1"On a Least Squares Adjustment of a Sampled Frequency Table When
the Expected Marpinal Totals are Know," Annals of Mathematical Statistics,
Vol. XI (1540), pp. 427-b4bé

z"Estimating Non-negative Matrices from Marginal Data,
Bconomic Review, Vol. 6, No. 3 (Sept. 1265), pp. 294-31C.

" International

- >>>3Dq Friedlander, "A Technique for Estimatine a Contingency Table,
Given the Marginal Totals and Some Supplementary Data," Journal of the Royal
Statistical Society, CXXIV, Series A, Part 3 (1°%61), pp. 412-420.
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products, an important error may be present. Tobacco, however, is the only

one of the 22 branches for which this effect was pronounéed.

SECTION B

EMPLOYMENT .

Employment in the social sector by industries and republics from
1652 to 1963 is giQen in Statistical Bulletin 310, Cimilar data for supse-
quent years is contained in the Statistical Yearbooks. From 1952 to 1955;
therdata in SB310 are obtained from mon;hly surveys of all firms in the social
sector, and after 1955 from semi-annual surveys, Exclusions include appren~
. tices, part time employed, overseas employed! etc. Since 1961 an alternate
series obtained from the complex annual reports (KGI) is available. Except
for agriculture, the difference between these gwo series is that the KGI
series is based on a 12-period average while the SB310 series is based on a
_2-pé;iod average. Also, SB310 gives more complete coverage to seaéonal em-
ployment in agricﬁlture,

In general, the data on employment in the social sector appears quite
reliable, Coverage with respect to the number of firms is virtually exhaustive.
The princiéal problem would seem to be the omission of "moonlighters'" (in-
cluded only once as their principal occupation), temporary agricultﬁral
workers, and '"dead brigades." The latter term.refers to fictitious or part-
time workers who appear as full-time employees on payroll lists, principally
in order to reduce the enterprise's taxes'.4 The "brigades" presumably are

included in the employment statistics but there are no published estimates of

4Benjamin Ward, "The Firm in Illyria: Marlet Syndicalism", American
Economic Review, Vol. 48, p. 5C4. ’

)
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their magni;ude; This study assumes their numbers are negligible and no ad-
justments are made in the employment data which are taken directly from

SB31C and since 1963 from the Statistical Yearbooks.

SECTION C
TIME SERIES DATA APPENDIX

PART I, FESTIMATION OF THE CAPITAL STCCK

e

Introductlon

A11 firms in the social sector of the Yuzoslav economy are required

to report, in detail, the nature of their capital account transactions with

: the bank on whom credits are drawn. This provides the bank with a complete

set of investment data dlStlD"uiShlng investments in inventory, equipuent,

and structures from other transactions of the enterprises. This data is

.publlshed in hlghly dlsagnrehate form, by three digit branches of the

_economy, republlcs and autonomous regions, private and social sectors (the:

[,

private sector 1nvestments are obtained by much cruder estlmates) and by
technlcal types of investment (total, structures, equipment, and other),
,ééd Prov1des an unuSually sound statistical base for estimating capital
‘stoek according to the perpetual inventory method. The recent publication

of this data by the Institute for Economic Investments in five volumes en-

. titled Investments 1046-1366, and totaling over one thousand pages, makes
a critical contribution to the underlying data block by converting all in~
vestments into 1966 prices. These statistics serve as the basis for our

capital stock estimates.

it e e e o

Perhaps the most serious possible flaw in these statistics is that,

by accident or desinn the enterprises may understate reported investments
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by using bank credits gfanted for inventory financing to purchase fixed
assets, During the years preceeding the 1965 Reform, there are nﬁmerous
ailegaéibg;'of'this pracfice in the newspapers. Insofar as this erroneous
rgpo?tigé éxists, it can be expected to dampen reported investments during
ﬁériods of high dgménd accompanied by tight bank credits.

-Our capital stock estimates are by no means the first for Yugoslavia.
Ihe invesémgn; daﬁa has been available for some years and has been imagina-
- tively éﬂé painstakingly exploited by Dr. Ivo Vinski in a long seriés oi
publications anaiyzing the growth of Yugoslav capital stoék. Vinski's
work is based on the investment series described above.’ His estimates of
" the base period qapital_stock are derived from a detailed inventory of

structures and equipment in the social sector made by the government in 1953.1

tecehtly, _1662 and 1966, the government revalued the capital stock

‘fof enterprlse_ 3 Amon? other things, this revalorization is designed to

3;?increase the value of capital assets upon which the firm must pay rent.

o 1A partial llst of the most important of Dr. Vinski's works on the
iYuooslav capital stoc!: may be helpful. The results of the 1953 census of
fixed assets are presented in English in "National Wealth of Yugoslaviz at
the end of 1953," Income and Wealth, Series VIII (London: Bowes and Bowes,
195¢), pages 160-192. These estimates for 1953 are extended to the Republics
" of Yugoslavia in the publication Procijena Nacfonalnos Docatstva po podruciina
Jugoslaviavi je (Zagreb: Ekonomski Institut, 195%)., Using the perpetual
inventory method the regional estimates are then used to prepare capital
~stock estimates for the entire post war period in 1955 prices with the result.
being presented in Procijena Rasta Fiksnih Fondova po Jusproslavenskin Republikana
od 1846 do 1960 (Zagreb: Ekonomski Institut, 1$65). ilore recently, a six
sector breakdown for Yugoslavia as a whole is niven in 1962 prices for the
years 1244 to 1964 in the article "Rat Filksnih Fondova Jugoslavije od 1C44
do 1964," Ekonomist, Broj for 1965, pp. 667-679. Estimates for the prewar
period are also cvailable in "National Product and Fixed Assets in the
Territory of Jugoslavia: 1209-195¢," Income and Wealth, Series IX (London:
Bowes and Bowes, 1961), pp. 206-233,

2The 1262 revalorization of fixed assets serves as a basis for the
capital stock series presented by Gojko Grdjic, "
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These two sources of initial capital stock, the 1953 Survey which underlies
Vinski's work; and the 1962 and 1966 revalorization, are both used by us

to obtain our base year capital stock figures.

CONTRIBUTION OF THE NEW ESTIMATES

We believe that our estimates make two significant contrlbutlons to
the existing capital stock figures, as well as a number of minor improvements.
The two important contributions are: first, the use of durability éeights
when aggregating over equipment and structures;. and second, the presenta=
tion of a disaggregate series of capltal stock for the sub-branches of in-
'dustry by regions "and investment type. The necd to weight equipment and
structures by their respective durabilities arises oecause, even under
~ idealized circumstances, the dollar cost of an investment good is not a
satisfactory measure‘of that item's contribution to output. For example,
assumé there are two identical machines, A and B which produce one éhit
of output except that A has an average length of life of 10 years while
machine B has an average length of life of one yea1. In a perfecﬁly com~
petit1ve econony which equalizes the discounted value of expected future
receipts, the price of machine A will be ten tlmes that of machine B. Vhile
dollar expenditure on each of the machines is a satisfactory measure of the
cost of the imvestment goods, it is an inadequate measure of their contribu-
tion to current prdduction. Specifically, a déllaf of invéstment in machine
B produces ten times the current output Ehat a dollar investment in machine
A does. To properly aggregate machines with different life expectanc1es

we must first weight the capital goods by their respective durabilities.
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The proper procedure for doing this and the required assumptions are de-

tailed by Haavelmo.7 _ o o B

For practical reasons we distinguish oﬂly bgtween two types of in-
vestmenté, structures and equipments. Each of these aggregates is assumed
to have its own average léngth of life, Let X* denote the unweighted sum
of the dollar value of structures, S, and equipment, E. This is the magnitude
of fixed assets which the enterprise reports for accounting purposes and '
is the definition given in (1). In contrast, our measure of fixed assets,
which utilizes the durability weights Ci énd Ci,'is given by the variavle

K in equation (2). These weights depend upon the rate of interest, P;

Ri =S, +
(1) =8 E,

i i
@ ¥ =5, ci + E €]
. ci _2- o PM !
LR R o
c? = 15 ik
’ l- e-pmi

1 P2 e . ~
the average length of life of equipment Mi; the average length of life of
s . f s ces s o .
structures Mi; and an arbitrary normalization coeificient M. Given

7Trygve Haavelmo, A Study in the Theory of Investment (Chicaco:
University of Chicago Press, 160), pp. ©7-1C2. See also the discussion of
this topic in the context of investment functions by Svi Grilich:s, "Capital
Stock in Investment Functions” in Measurement in Fconomics, Ed. Carl Christ
and Others (Stanford: Stanford University Press, 1263), pp. 115-137.
‘ The necessary assumptions concerning marlet equilibrium used by
- Haavelmo are: (1) that the rate of iﬁterest, P, is expected to remdrin con-
stant over the life of investment goods; (2) that the annual deflated income
from owning capital noods is expected to remain constant over their life;
and (3) that the purchase valuc of capital goods is equal to their discounted
future income stream. These are heady requirements, narticularly for a
Socialist economy, but in some ways they appear to be better satisfied for
the unique blend of sccialistic planning and enterprise decentralization
that constitutes the Yugoslav economy than they would be for the typiceal
capitalist cconomy. For example, at least in theory, the central planning
of investments should eliminate many of the uncertainties that are associated
with uncoordinated, independent investment decisions., These uncertainties
cause investments in particular areas to have high riek premiums thet raise
the rate of interest which is to be used 1in discounting future receipt
streams. Indeed, our estimation problems for the variable P are quite simple
since: for the great majority of firms, an unchanging charge of 6% perv
annum was the lendin: rate of the Yugoslav govermuent.
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estimates of these four coefficients we may comstruct a capital stock series

for the variables K whose usefulness in producfion‘function analysis is
markedly superior to the variable K*. The magnitude of the differcnces
in the coefficients c® ana Ce, and ﬁhe significagnt differenfial in the rate
of growth of S and E in the Yugoslav economy suggests that Haavelmo's con-
jecture that «e.''It is my guess that such a érocedure {conversion to an
equalidurability basis), even if it is very rough and approximate, would
be a definite improvement over the customary, bﬁt unfounded, method of
measuring K simply as S -+ E."8
The second important contributioh of our capital stock series is a
disaggregation of industry-into its sub-branches. Until this time, there
has been no capital stock series available for these branches either for
Yugoslavia as a whole or by regions., Our estimates, available by five
‘regions, are presented for 12 branches of industry. These twelve branches
yepresent an aggregation of the 22 branches available in the Yugoslav.threg
digits cléssifications. The aggregation used is presented in Table 1. The
regipnal &isaggregation of capital stock into our five‘categéries is
particularly difficult tormake since it requires a division of the Reputlic
of Serbia into its components, the Uza Podruce, the Vojovdina; and the Xos-
met. For time periods prior to 1952 there is very little data available
- for these autonomous regions, The abgve-mentioned publication of the IEI
presents, for the.first time publicly, investment data for these areas.,
Among the minor improveﬁents we would include the conversion of all

of our series to 1966 prices. Vinski's regionally disaggregate data is

8pid., p. 101..

-
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only available in 1556 prices and his most recent national data is in 1662
prices, Our usevof the post-1965 reform prices embodies the rationaliza-
tions of the price system which is an important goal of that reform.
Another distinctive feature, if not an unmixed improvement, is the-use of
exponential decay in estimating retirements. Vinski's capitél stocg esti~
mates deduct a retirement coﬁponent apparently based ubon the assumption
of a "one horse shay." That is, an item of capital with an expected average
length of life M produceé for eractly M_years and then becomes totaily ob=-
solete and is replaced. In contrast, exponential decay assumes that, in
"each year a fraction % of the stil}-éxisting capital stock is subject tb
replacement. Vhile there is scant empirical evidence for choosing between‘
these two assumptions, retirement according to exponential deca& is con-
siderably simpler for computational purposes and is more pleasing to our
- a priori int:uition.9 Computational simplicity is achieved because retire-
ments in any given period are a function only of the existing unretired
capital stock and do not depend uﬁon the time stream of past investments,
We turn now from our discussion of what is new about our capital étock

series to'a more detailed discussion of the method used, and particularly

of the major problems encountered.

PROBLEMS OF ESTIMATION
Estimation of capital stock according to the perpetual inventory
‘method demands the availability of two sets of data: One for investments

and the other for a base period measure of capital. In ad.ition to these

A discussion of this is available in Haavelmo, Ibid., p. 127, and

in Griliches, op. cit., p. 11%. An empirical study of the importance of
this assumption is given Ly Helen StoneTice, '"Depreciation, Obsolescence,
and the leasurement of the Aggregate Capital Stocl: of the United States,
1900-1962." The Reviev of Income and Wealth, Series 13, No. 2, June 1267,
pp. 11¢-154, o '
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two requirements and their'ettendant‘problems; our use’of durability weights

when aggregatlng structures and equlpment means that ve must somehow obtain

estimates of the average lengths of life for these tvo types of investment.

Since the IEI lnvestment data descrlbed above is made to order for our pur=-

pose, no further discussion of this most critical item is required. There-

—

fore, ve concentrate our dwscu351on on the estimates of base perlod canital
stock, and the average lensth of life of equipiment and structures. As a
prellmlnary to these dlSCUSSlOHS equatlons (°) through (7) present tke for-

mulas used in computatlon. Equatlons (3) and (&) derlne the stock of

_structures and the retirement of structures as:

o = S .8 .S - S
. (3) Sy =Sy T € Lige T Rage s @ _
S . g _ IR , '
s _ _iit-1 /
R - *ﬁ4) Rijt M
i

iqn;tions (5) and (6) define the stock of equipment and the retirement of.
equipment as: -

= - R
- - (5) Eijt ijt-1 + Ci lljt ije? and
Epq

P . (6) r® = AEZS
' ijt e -

- i
Total capital stock is then obtained as the direct sum.

4 = E 4+ S
M) Rise = Pige ™ ®15e

In the above, 1:jt and 1 ., refer to investment in structures and equinment,

J B .

where i refers to industry, j to regionm, and t to time, and Ci and Ci are as

defined in (1). A value of P of .06 and M of 21.1 is selected. The latter

Y3 the averaﬂe“length of 11fc we estimate for the total capital stocl in

the productive part of the SOClal sector of the economy. .

- .

poe S - e - . R - -
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THE PROBLEI1 OF AVERAGE LENGTH OF LIFE

Consider first the problem of estimating the average length of life
of equipment énd stfuctures, M aﬁd Ms. Lackins voth a2 table describing
the expected length of life of physical iLems,qf capital stock, as well as
an enumeration of the various types of physical éapital, we must.instead
use financial data on depreciation ;hanges énd the bool: value of fixed
assets to infer these lengths of life or for éach of the industry groups
and for structures, equipment, and total capital. Eowever, even usiﬁg
this indirect prqcedure, laclz of data prohibits us from deriving regional
“estimates of each of these magnitgdes. Actually; this may be an advantage
since regional differences in depréciation rates may reflect differences
in depreciation policy rétﬂer than differences in the durability of cépital
goods. (A leading Yugoslavic economist suggests that auring this period |
the southern republics are more inclined to undereatimmate depreciation in
order to increase distributavle earnings than are the northern republics
who are more confident that contributions to the depreciation fund wiil
ultimately become available to the enterbrise iéself so that such con-
tributions are both a tax.offset to current income and a source of future
‘investment fﬁnd.) In any-évent, our application of national coefficients
to the various republics presumes that the durability of papital roodc does
not vary regionally, at least not within the 1C sectors for which we maie

estimates., Our lengthh of life estimates are based upon the fact that Yugo-

slav enterprises compute depreciation according to the straight line basis.

ODragomin Vojnic, Investicije na Podruciu iuroslavije 1947-1-50,
(Zagreb: Ekonomski Institut, 1960), p. 1JC.
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According to this procedure depréciation in any-year where an enterprise

is computed as a simple fraction 1/M of the book value of all undepreéiated
assets, Giveﬁ data on the book value of equipment and structures, and
.data on the annual flow of depreciation charges which are attributable

to equipment and to structures, it is a simple matter to estimate M.as

the ratio of the book value of capital to ﬁhe depreciation flow. In practice
our data is an average for the years 1963, 1964-and 1265. The choiée of
these periods is predicated on the fact that the revalorization of capital

at the end of 1962 provides a good initial point, that the second'revalorizan
-tion of éapital in 1966 makes the incorporaﬁion of this and later years
misleading, and that an average value over three years reduces noise. The .

sources of our data are given in a footnote to Table 2. The cited Statis-

tical Bulletins are unusual in that they present the accumulated deprecia=~

tion fund separately for equipment and structures, thus making it posalble

to estimate deprCC1at10n over the three year period as the differcnce

between the end perlod depreciation fund in 1965 and the initial deprecia-

'tidh fund in 1962. A valid objectlve to this procedure is that it neglects

that totally depreciated assets are constantly being removed from both

the book value of fixed assets account and the depreciation fund account,.

' While it would be possible to estimate the magnitude of these removals by
w

using round estimates of M and then going back and obtalnlng a second

round set of M corrected for this phenomena, it is not felt that this would

alter the estimates sufficiently to justify the additional labors, The
coﬁpléte set of average length of life estimates used in our durability
éggregation are presented in Table 2. For the Total Productive Sector,

an average length of life for both structures and equipment of 21.1 years
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(15.9 years for equipment and 33.5 years for structures) appears ts be a
reasonable magniﬁude. For individual sectors, the high valﬁes for Irans-
portation and Communication, and Handicraft appear proper, as does the low
value for Construction, and Industry and Mining. The rather low, 16.4
estimate for Agriculture appears somewhat surprising to this author but
it is not unreasonable. Our estimates for the sub~branches of industry
present some difficulties since, in a few cases, removal of items from the
depreciation fund does casse unduly small values for depreciation that
result in unusually long lengths of iife, in one case infinite. To
‘correct for this we impose the restriétion that i° be no.greater than 50
years, and M€ be no greater than 25 years.. In the cases where these

restrictions are imposed, the unconstrained values are given in parenthe-

8is.

THE PROBLEM OF THE INITIAL CAPITAL STCCK

The most difficult préblem is to obtain base year estimates bf the
capital stock. For the six major sectors of the economy there is ﬁo
serious problem since we have Dr, Vinski's estimates for 1946 available
by republics in 1956 prices. For these sectors only three adjustments
are necessarf: (1) use the implicit 1El investment price deflators to
adjﬁst to the 1966 price base; (2) separate the Uze Podruce and Vojvodina
from fhe aggregate for Serbia in order to compute our North-South aggre=~
»gatés; and (3) remove estimates for the privaté sector from Vinski's totals
which are for both the private and social sectors. The solution to the

first problem is already stated, the solution to the second problem is

identical to the method we used to estimate the branch data described
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béiow, and the solutibn to the third p}obleﬁg the separation of sociai
and private sector capical stock, uses estimates for agricultural and handi-
craft also developed by Vinski but which are not widely known.11 Using
Vinski's data it is possible to estlmate an 1n1t1a1 capital stock for any
year since 1946. From one point of view the most sat1sfactory year would be
1953 since that is the date of the capital census from which Vinski obtains
his estimates. Thus for 1953, his use of the one-horse-shay replacement
assumption has no bearing on the estimates made for that single year. This
{5 not true of other years. Nevertheless, this is not the base year which
we choose for making our estimates. The reason for this we now explain.

ToT “The estimation of a base year capital stock value for the six major
sectors may not be a problem, but the estimations of this variable for the
twelve sub-branches of industry is. Consequently, our selection of a,base
year is designed to facilitate our estimation.for the sub-branches. With
respect to this problem there is noiréally satisfactory solution. However,
there is one importént factor which 5ugge§ts that even substantiai eétimation
.éfrors for the base year 1946 may be unimportant to the value of the capital
- stock for'the years after 1652--the years which are-our principal concern,
This factor is simply that, particularly in the branches of industry, invest-
ment growth is so great that by 1952 it swamps any errors Wthh are made

in the initial capital stock values for 1946. Cur tactic then is to make
very crude estimates for 1546 and rely on the rapid growth of investment
*gntil 1952 to make our errors unimportant.'.For this reason we elect to use
1946 as our base year for estimating the capital stoclk. ~ The -growth of
jnvestment after that date also tends to make the- replacement error induced

by using Vinski's estimates relatively unimportant.

11Ivo Vlnski Proqlgra Rasta Fiksnih Fondova Juposlavi1e od 1046 do

hhhhhh 107 N\ - 101
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Esfimation of capital stock for the branches of industry in 1846 is
doné by projecting backwards the average capital~output ratio for the years
1963, 1964 and 1965 to 1946, and multiplying this figure by estimates of |
output measured in 1966 prices for that year.—'This is an extremely crude
procedure both because the capital-output ratio is not constant over the 20
year period and beéause adequate regional data on real output is not availablé
for 1946, particularly - not for the autonomous provinces. A partial solution
to the problem of changing capital output ratios is obtained by forcing our
" total for industry in 1546 to be equal to Vinski's, This is equivalent to
- assuming that the decrease for all.branches is the same as that for industry
as ; whole. The absence of sétisfactory output statistics for the period
befﬁre 1952 causes us to use indexes of real pﬁysical product as proxies for
a true index of social product. Some measure of the crudeness of these
,two'procedﬁres may be obtained by comparing our unconstrained original
'estinates with tﬁe Vinski total for Yugoslav iﬁdustry in 1946 (after adjust-
ﬁent)to 1966 prices)., Our original estimates are 62 % of tﬁg Vinski esti-
@atés for 1946. The fact that our estimates are below Vinski's is consistent

of the observation that over the entire 20 year period the fﬁgoslav capital
output ratio hag fallen. Therefore, it is appropriate.to look upon our

. correction of this figure to the Vinski total as a correction for the

décrease in the capital-output ratio, Althoupgh we present our initial capital
stock estimates for 1946 to the critical view of scholars, in order to cm-
'phasize the crudity of the early period estimétes, we do not present capital
._stoék estimates for the period 1947-1951. After 1952 it is judged that the

errors of this estimation procedure become unimportant,
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